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One of the established principles in the selection of patients for
mitral valvotomy is that the symptoms must be disabling
enough to warrant the risks of surgery. In practice this is
generally taken to mean that there must be at least moderate
dyspnoea before operation is recommended. In this paper we

present evidence that mitral stenosis may become serious and
potentially lethal without causing any definite symptoms.
We first became impressed by this fact eight years ago, when

a 24-year-old woman was admitted to hospital in a fatal attack
of pulmonary oedema a few months after being advised against
mitral valvotomy on the grounds that her symptoms did not
warrant operation. She had become pregnant. During the
past three years we have, seen two further deaths from fulmin-
ating pulmonary oedema, in pregnancy, as well as several
instances in which a fatal issue was barely averted in women

who had been symptomless shortly beforehand. Of over 100
patients submitted for mitral valvotomy during this three-year
period, and in whom severe mitral stenosis has been confirmed,
19 have had only slight symptoms or symptoms which
developed only a few weeks before operation.

Material and Methods

Patients with mitral stenosis on whom our opinion was

sought were examined before taking a history. The state of
the mitral valve was assessed on purely objective grounds by

Woodend General Hospital, Aberdeen.

means of clinical examination, electrocardiogram, and chest
x-ray examination. The history was then taken, and the degree
of dyspnoea graded from 0 to 4 after the method of Wood
(1954). (These grades correspond approximately to the grades
O to IV of the New York Heart Association's (1953) classifica-
tion of functional capacity.) Like Wood, we found it useful
to subdivide grade 2 into 2a and 2b; 2a being less severe than
2b. In assessing the degree of dyspnoea due attention was

paid to the opinion of our non-cardiological colleagues who
referred the patients to us, but no formal effort test was per-

formed. The decision regarding operation was based solely
on our estimate of the size of the mitral orifice and was

uninfluenced by the symptoms. Operation confirmed the
presence of important mitral stenosis in each case.

The Table sets out the details of the 20 cases. They fall
into two groups. Nine patients (group A) were symptomless
or else suffered from only slight dyspnoea before pregnancy, but
developed increasing disability and sometimes acute pulmonary
oedema during pregnancy. Eleven (group B) never had more

than slight dyspnoea.

Four Illustrative Case Reports
Case 1

A woman aged 24 was admitted to hospital elsewhere for con-

sideration of mitral valvotomy. She had the signs of established
mitral stenosis but no definite cardiac enlargement (Fig. 1). Opera-
tion was not recommended as her symptoms were slight. She was

Clinical Details of 20 Patients with Serious Mitral Stenosis Presenting with Slight Symptoms

Full Loud First X-ray
Diastolic Sound Other E.C.G. Pulmonary Basic Mitral

Case Ses Age Murmur and Valve Congestion Symptom Valve Crisis Outcome
No. sit Rate of Opening Lesions or Grade Diameter

70-80/mnin. Snap P. mitrale R.V. + Induration (cm.)

Group A. Patients Developing Severe Pulmonary Congestion During Pregnancy
1 F 24 + + + _ _ _ 0-1 1-0 Acute pulmonary oedema Died

during pregnancy
2 F 30 +P + Mitral ++ ++ 0-1 1-5 , , .. .,

regurgitation
3 F 37 -P -- - ++ 0-1 1-2 , ,
4 F 31 +P Aortic stenosis + +

_ +

0-1 0 75 Acutepulmonary congestion Emergency
and regur- during pregnancy valvotomy
gitation

5 F 30 -P + + + + 0-1 10 ,, ,,
6 F 39 +P ++ -+ + 1 < 1-0 N%

7 F 25 + P + - - - 0-1 < 1 5 Increasing dyspnoea during Valvotomy
early pregnancy

8 F 23 + + + + + + 0-1 1-0 Acute pulmonary congestion Subsided after
during pregnancy delivery. Valvo-

tomy later
9 F 26 + + + - 0-1 1-25 , , ,,

2,

Group B. Other Patients with Severe Mitral Stenosis but Only Slight Symptoms
10 F 40 + + + _ _ 0 1-0 Four months pregnant Vslvotomy
11 F 42 -P + Aortic stenosis - _ + 0 1-1-25 ,, ,, ,,

and regurgi-
tation

12 F 39 + + + + + + + 0-1 < 1-0
13 F 52 + + Aortic + _ _ 1-2a 1-1-25

regurgitation
14 F 38 + ++ ,,1 01 + -- 1-2a 1-1-25 3

15 M 45 + + AF -+ 0-1 1.0
16 M 44 + + + AF _ 1-2a 1-25
17 F 26 I +1 1- 25

is M 28 + + + + + + + 1 1-0
19 M 37 + + AF + - 0-1 10

||20 F 30 + +p+ + Ina1 1.0

P = Auscultation during pregnancy only.
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seen again as an out-patient five months later in the 12th week
of her first pregnancy. At this time she was doing all her own
housework and confessed to only slight incapacity. Five weeks later
she was readmitted in acute pulmonary oedema and died within a

s-Brunnen' et- al. hm}a
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in her first pregnancy, returning to duty as a fish-worker, and con-
tinuing at this until the start of her second pregnancy. She noticed
no abnormal dyspnoea until a few weeks before admission. She had
the signs of established severe mitral stenosis, and also noderate

FIG. 1 FIG. 2

PIG. 1.-Patient with severe mitral stenosis (Case 1). This patient, who was almost symptomless and
had virtually no radiological abnormality of the heart or lungs, died of acute pulmonary oedema in
pregnancy six months after this x-ray film was taken. At necropsy the mitral valve was found to be
1 cm. in diameter. FIG. 2.-Patient with no symptoms (Case 12). This film was recorded when the
patient attended for mass x-ray emination. It shows a picture of severe mitral stenosis with induration
of the hug and pulmonary hypertension. Operation was not performed until four years later, by which
time pulmonary hypertension had become extreme. The mitral valve was found to be less than 1 cm.

in diameter.

few hours. At necropsy her mitral orifice measured I cm. in
diameter. There was no naked-eye evidence of recent inflammation
of the valve.
Comment.-Since there was no acute endocarditis, it is

reasonable to assume that the mitral orifice was approximately
the same size when the patient was seen at the out-patient clinic
five wee piously with no appreciable symptoms.

Case 2

A woman aged 30 was first seen in the cardiac clinic in the 34th
week of her third pregnancy. She had had no trouble in either of her
previous pregnancies. Until the middle of her present pregnancy
she had not noticed any abnormal dyspnoea and had been able to
climb the two fights of stairs (about 40 steps) to her flat without
difficuty. Eight weeks before attending the clinic she had become
very breathless while washing the steps, and since this time had been
breathless on climbing them. More recently she had developed a
troublesome dry cough, and had had one attack of nocturnal dyspnoea.
There were signs of severe mitral stenosis with slight regurgitation
and the x-ray picture showed evidence of severe pulmonary con-
gestion. She was also anaemic (Hb 65%). She was admitted to
the ward the same day for intensive medical treatment, with the plan
that if this did not produce rapid improvement mitral valvotomy
would be undertaken. She lost her cough and appeared to be doing
well, but one week later she developed fulminating pulmonary
aedema and died within 20 minutes. Necropsy confirmed the
presence of mitral stenosis, the diameter of the valve measuring
about 1.5 cm. There were soft brownish vegetations on both cusps,
and Aschoff nodules were found on histological emination.
Comment.-Although other factors may have contributed

to this patient's death, there can be littWe doubt that the acute
pulmonary oedema was basically due to the mitral stenosis.
Yet nine weeks before death the patient did not consider herself
breathless at All.

Case 4
A woman aged 31 was admitted to hospital because -of haemoptysis

in the 30th week of her second-pregrancyi: Shehad-had no-trouble

aortic stenosis and regurgitation. At operation three days later the
mitral valve measured only 0.75 cm. in diameter.

Ce 12

A woman aged 39 had no symptoms, and did not even know she
had heart disease until she had a mass miniature x-ray examnation.
This showed a classical picture of severe mitral stenosis with indura-
tion of the lung and pulmonary hypertension (Fig. 2). Because of
the complete absence of symptoms the family doctor ignored the
radiologist's report. Shortly afterwards the patient began to notice
breathlessness on effort and subsequently developed oedema of the
feet. We saw her for the first time four years later and immediately
advised operation. The mitral valve was found to be less than 1 cm.
in diameter.
Comment.-The x-ray film shows that severe mitral stenosis

was present four years before valvotomy, at a time when the
patient had no symptoms.

Discussion

We have given details of 20 patients in whom severe mitral
stenosis was found at operation or necropsy but who shortly
beforehand regarded themselves as being more or less healthy.
None admitted to more than slight dyspnoea, while most
said they had no breathlessness at all and could live a normal
life.
The fact that severe mitral stenosis may be symptomless is

confirmed by the haemodynamic studies of Hugenholtz et al.
(1962). These workers investigated almost all the patients -who
came to their attention with the clinical diagnosis of mitral
stenosis in the clinics and wards of the Boston City Hospital,
regardless of severity of symptoms. They catheterized the left
atrium and ventricle, and from their measurements they cal-
culated the mitral valve area by means of the Gorlin formula.
In their series there were 44 patients with pure mitr stenosis.
Six of these had no symptoms, 20 had mild symptoms, and 18
had considerable limitation of physical activities. Most of the
patients with considerable symptoms had a calculated mitral

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5398.1598 on 20 June 1964. D
ow

nloaded from
 

http://www.bmj.com/


valve area of 1.2 sq. cm. (corresponding to 1.5 x 1 cm.) or less.
Nine of the 20 patients with mild symptoms and three of the
six with no symptoms also had valves of this size. In other
words, about half the patients who had no symptoms or only
slight disability had approximately the same degree of mitral
stenosis as those with considerable symptoms.

Fallacy of Assessing Mitral Stenosis on the Basis of Symptoms

We may be criticized for accepting too readily the patient's
assurance regarding lack of symptoms. It may be suggested
that we should have subjected our patients to an exercise-
tolerance test. Our answer to this is twofold. In the first place,
we do not know of any reliable test; and, secondly, we were

in fact able to make an accurate assessment of the size of the
mitral orifice without the use of such a test.

Harris (1958) reviewed the exercise-tolerance tests which had
been recommended up to that time and concluded that none

was of proved reliability. This verdict still stands. For
example, Gilbert et al. (1963) reported their experience with a

carefully controlled treadmill exercise with rapid repeated
measurements of heart rate, ventilation, oxygen consumption,
carbon-dioxide production, respiratory quotient, and alveolar
gas tensions. Most of the patients with a mitral orifice of

1.5 sq. cm. or less had abnormal test results, but three had
results within the normal range. One of these patients had
been classified according to the New York Heart Association
classification as having grade I disability, another had been

placed in grade II, and the third in grade III.

If any exercise-tolerance test is to be employed the simplest
and perhaps the best is for the doctor himself to conduct the

patient to another department-for example, the E.C.G. or

x-ray department-and observe the response to exercise without

the patient being aware that he is being tested. This would

expose the patient who is minimizing his symptoms. On the

other hand, the development of dyspnoea would not necessarily
indicate heart disease; it might be due to obesity, unsuspected
emphysema, lack of fitness-for example, following influenza-

or cardiac neurosis (Da Costa's syndrome). Even in such an

ordinary test as this, psychological factors cannot be entirely
excluded. Thus if a patient has been previously told that he

must never walk far or quickly, he may well develop a nervous

tachypnoea on attempting to do so. If the patient fares better

than the doctor it may show that he has little disability, but it

does not exclude severe mitral stenosis.

Although symptoms can be correlated with the severity of
mitral stenosis in a general way, they are of limited value in

assessing individual patients. Some exaggerate their symptoms,
and others minimize them or are so fit that ordinary exertion

does not cause breathlessness, even in the presence of severe

mitral stenosis. An exercise-tolerance test does not resolve this

difficulty.

Purely Objective Assessment of Mitral Stenosis

In our experience the state of the mitral orifice can usually
be assessed with a high degree of accuracy on the basis of a

clinical examination together with a chest x-ray and E.C.G.

examination. In this series the diameter of the mitral valve

did not differ from our prediction by more than 0.25 cm.

Neither cardiac catheterization nor angiocardiography was

required, and in our opinion these investigations are seldom

needed in these cases.

Paul Wood (1954, 1956) showed that the length of the mitral

diastolic murmur is one of the most valuable signs in the assess-

ment of the severity of mitral stenosis. Our experience confirms

this. We have found that if the- murmur completely fills the

interval between the opening snap and the first sound, at a

heart rate not exceeding 80 per minute, the mitral valve is

BRySH
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rarely greater than 1.5 cm. in diameter. If it fills this interval
at a rate of 70 per minute or less the diameter is seldom more
than 1 cm. It is the length of the murmur which is important,
not its loudness. When atrial fibrillation is present, attention
must be paid to the duration of the murmur in the longer
diastolic intervals.

This correlation between the length of the murmur and the
severity of the stenosis holds true only when the volume of
blood passing through the mitral orifice is normal. When the
blood-flow is increased, as in pregnancy or anaemia, the
murmur tends to be prolonged. The same applies when
stenosis is complicated by regurgitation, because the back-flow
into the left atrium during ventricular systole augments the
forward flow during diastole. In both these circumstances,
therefore, the length of the murmur suggests that the stenosis
is more severe than in fact it is. Conversely, when the cardiac
output is reduced, as in the presence of a high pulmonary
vascular resistance or pulmonary oedema, the murmur may be
short even though the mitral orifice is very small. Therefore,
when there are signs of pure mitral stenosis without a long
mitral diastolic murmur the stenosis must not at once be
assumed to be trivial, but other evidence which might indicate
severe obstruction should be sought.

Another valuable index of the severity of the mitral stenosis
is the closeness of the opening snap to the second sound (Wells,
1954). Considerable experience is needed to evaluate this
accurately, and, like the length of the diastolic murmur, it is
affected by any increase or decrease in blood-flow across the
valve. A loud first heart sound and a loud opening snap do
not necessarily imply that the stenosis is severe, but they are
of much value in excluding serious mitral regurgitation and
indicating a valve which is pliant and thus amenable to
valvotomy (Sellors et al., 1953).

Radiological evidence of pulmonary induration, or congestion
which cannot be dried out by medical treatment, and especially
the presence of persistent septal lines (Kerley, 1933) is strong
evidence of a small orifice (Short, 1955, 1956). Radiological
evidence of pulmonary arterial hypertension, such as a dilated
pulmonary trunk with narrowing of the peripheral branches
(Davies et al., 1953) and a dilated right atrium, implies the
presence of severe mitral valve disease but not necessarily severe
stenosis (Priest et al., 1962). Electrocardiographic evidence of
hypertrophy of the left or right atrium or of the right ventricle
carries the same implication. If radiological or electrocardio-
graphic evidence of pulmonary hypertension is found in a

patient with the auscultatory signs of a pliant mitral valve it
may be concluded that the severe valvular disease is in fact
severe stenosis.

In the present series of 20 patients 17 had murmurs which
filled diastole at a heart rate of 70 to 80 per minute (see Table).
Eleven of the 17 in sinus rhythm had a definite P. mitrale.
Five of the 20 patients showed electrocardiographic evidence of
right ventricular hypertrophy, and nine had radiological
evidence of pulmonary congestion or induration.
The fact that symptoms are an unreliable guide to the severity

of mitral stenosis, whereas this can generally be assessed with a

high degree of accuracy at the bedside on purely objective
evidence, forms the basis for what we have described as: " The
case for ignoring symptoms in assessing the severity of mitral
stenosis " (Short and Brunnen, 1963).

Should a Patient with Severe but Symptomless Mitral
Stenosis be Submitted to Operation ?

Many cardiologists would say "No," and support their
verdict by citing the well-authenticated instances of patients
with severe mitral stenosis surviving to old age (1'iargreaves,
1961). On the other hand, not all patients are so fortunate,
as we have shown. Three in our series (Cases 1 to 3) died from
acute pulmonary oedema during pregnancy or in the puer-
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perium. Six (Cases 4 to 9) developed rapidly progressive
congestion or oedema of the lungs during pregnancy, neces-

sitating emergency medical treatment or even emergency valvo-
tomy. Another patient (Case 19) had sustained permanent
cerebral damage from embolism before valvotomy was under-
taken, and yet another (Case 12) had developed gross changes
in the heart and lungs, some of which were probably irreversible.
Most of these disasters would have been prevented by a timely
valvotomy. We consider, therefore, that there is a place for
surgical relief of severe mitral stenosis in patients who have no
definite symptoms. It is admittedly a difficult decision. It
requires a careful consideration of the risks of operation and the
likelihood of eventual restenosis on the one hand, and the
dangers of non-operative management on the other. Each
patient must be considered individually, and the possibility of
pregnancy is a most important factor.
The actual operative mortality in the type of case we are

considering is very small-not more than 1% (Likoff, 1963)-
but the risk of producing mitral regurgitation, and the fact that
valvotomy will have to be repeated in many of the cases,
is enough to make the cardiologist reluctant to recommend
operation too soon. On the other hand, the risks of medical
management are commonly underestimated. One of the most
serious of these is systemic embolism. Bannister (1960) reported
that 22 out of 105 patients with "moderate" mitral stenosis
and trivial symptoms, in whom operation was deferred for an

average of four and a half years, developed systemic embolism;
and in five it was fatal. There is evidence that the incidence
of embolism is reduced by operation (Ellis et al., 1959 ; Lowther
and Turner, 1962). A less dramatic but none the less serious
risk of deferring operation is the gradual development of irre-
versible changes in the lung, particularly pulmonary vascular
disease. When mitral stenosis is complicated by extreme pul-
monary hypertension, valvotomy may be technically successful
and be followed by a striking relief of symptoms, but the opera-
tive mortality is high, and the late results are often disappointing
(Emanuel, 1963). There is also some evidence that deferring
the operation until atrial fibrillation has appeared increases the
risks of valvotomy. Thus Lowther and Turner (1962) found
that the presence of established atrial fibrillation increased the
operative mortality from 2% to 13%, largely because of
systemic embolism. Admittedly this high mortality may have
been reduced more recently by the use of anticoagulants.

There'can be little doubt that many patients are being
referred for operation when the optimum time for surgery
has passed. As a general rule, we consider that operation
should be recommended whenever the evidence points to a

mitral valve diameter of 1 cm. or less, even if symptoms are

minimal.

Women of Child-bearing Age Need Special Consideration
In addition to the risks enumerated above, these patients face

the danger of developing acute pulmonary oedema during preg-
nancy. Heart disease is still one of the most frequent causes

of maternal death (Ministry of Health, 1963), and most of these
deaths are due to acute pulmonary oedema in patients with
mitral stenosis.
The majority of cardiologists would agree with Gilchrist

(1963) in advocating a predominantly medical approach to the
management of mitral stenosis in pregnancy. Nevertheless, a

purely medical approach is out of the question, because acute
pulmonary oedema is unpredictable, often sudden, and
sometimes totally resistant to medical treatment.

It is impossible to predict which individual patients will
develop pulmonary oedema. It used to be thought (Wood,
1956) that if there were no symptoms by the end of the first
trimester without prophylactic treatment, little trouble was

likely to arise later. But in the present series six of the nine
patients who developed acute pulmonary congestion or oedema

BRms
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during pregnancy had no symptoms until the middle or end of
the second trimester. The same authority advised that if
effort intolerance was only slight (grade 1 to 2a) and the pul-
monary vascular resistance normal, valvotomy should be
deferred and pregnancy allowed to take its natural course; if
serious symptoms should develop, then valvotomy would be
performed during the pregnancy. But occasionally pulmonary
oedema develops so rapidly that the patient is dead before
valvotomy can be arranged, as in Cases 1 and 2 of the present
series. The latter patient was actually in hospital on intensive
medical treatment when she developed pulmonary oedema and
died within 20 minutes.
The unpredictability of pulmonary oedema and its high

mortality have convinced us that the safest course is to advise
valvotomy if there is objective evidence of severe mitral stenosis
-and it is important to recognize that a mitral valve diameter
of 1.5 cm. may be critical in pregnancy, as stated by Goodwin
et al. (1955) and illustrated by the fate of our Case 2.

Finding the Patients at Risk

Wood (1954) estimated that there were in Great Britain
80,000 patients between the ages of 18 and 44 requiring mitral
valvotomy. This means that an average general practice of
3,000 would include five such patients. In a proportion of
these the symptoms would be slight or absent, and such patients
might not consult a doctor.

It would clearly be impracticable to examine the heart of
every person between the ages of 18 and 44. What we believe
should be done, however, is to pay particular attention to those
who are at special risk-namely, women of child-bearing age.
Whenever a woman in this category attends for medical
examination the possibility of mitral stenosis should be carefully
considered. This applies with special force to women attending
for their first antenatal examination. The existence of mitral
stenosis, even of serious degree, can easily be overlooked. There
may be no history of rheumatic fever, no symptoms, no irregu.
larity of the pulse, and no cardiac enlargement. Careful
auscultation is vital. Any patient with suspicious signs, such as
an accentuated first sound, a "split second sound "-that is, an
opening snap-or a diastolic or presystolic murmur, should be
referred for cardiological opinion.

Summary

We describe the cases of 20 patients in whom severe mitral
stenosis was found at operation or necropsy and who shortly
beforehand had only slight symptoms; some indeed had none.
Nine of these patients developed acute pulmonary congestion
or oedema during pregnancy and three died.
The lack of symptoms was misleading, but clinical examina-

tion, together with a routine E.C.G. and chest x-ray examina-
tion, permitted a remarkably accurate assessment. The most
helpful signs were the length of the mitral diastolic murmur,
radiological evidence of pulmonary venous and pulmonary
arterial hypertension, and E.C.G. evidence of left atrial and
right ventricular hypertrophy. We therefore advise that the
severity of mitral stenosis should be assessed on purely objective
evidence without regard to symptoms.

If the evidence points to a mitral valve diameter of 1 cm. or
less, in either sex, we consider that valvotomy should be recom-
mended regardless of the lack of symptoms (unless there is a
specific contraindication), because of the risk of systemic
embolism and progressive damage to the lungs.

In pregnancy, less severe stenosis than this-for example, a

diameter of 1.5 cm.-may cause fatal pulmonary oedema.
Mitral stenosis of this degree may easily be overlooked. For
this reason careful auscultation of the heart at the first antenatal
examination is vital. Any woman with suspicious signs should
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immediately be referred for expert opinion even if she has no
symptoms. All women of child-bearing age with a mitral valve
diameter of 1.5 cm. or less require close supervision, and if
they become pregnant it is safest to undertake valvotomy.
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Urinary L'6-Androsten-3a-o1, 17-Oxosteroids and Mental Illness

B. W. L. BROOKSBANK,* B.SC., PH.D.; W. PRYSE-PHILLIPSt, M.B., B.S.

Brit. med. J., 1964, 1, 1602-1606

Although recognized fbr some time as a quantitatively
prominent steroid in urine (Brooksbank and Haslewood, 1950,
1961), the biological significance of A16-androsten-3a-ol
(androstenol) (see Formula) remains unknown. It is probably
not primarily of peripheral origin in man, nor specifically
derived from testosterone (Brooksbank, 1962a; Bulbrook,
Thomas, and Brooksbank, 1963; Wilson, Lipsett, and Koren-
man, 1963), but stimulation tests and in vitro studies (Gower
and Haslewood, 1961 ; Gower, 1963) have shown that it is
formed in the androgen-secreting glands, the adrenal cortex
and testis; its biosynthesis by ovarian tissue has not yet been

CH5
CH3

CHUM

HO \

Androst- 16-en-3U-ol

investigated. The urinary excretion rate of androstenol in
adult men is about double that in adult women; the rate falls
off in the elderly and is minimal in children. The production
of androstenol is therefore closely associated with that of
androgens. The greater difference between the sexes in mean
androstenol levels than that of mean 17-oxosteroid (17-KS)
levels in urine suggests a more direct association of androstenol
with testosterone production, but there is no direct evidence
for this and the relations are clearly more complex. A low
urinary output of androstenol does not appear to be incom-
patible with essentially normal development of a masculine
physique.

It has been observed that individual human subjects display
characteristic urinary excretion patterns of certain steroids,
varying little from day to day and to some extent genetically
determined (Dobriner, 1954; Kappas and Gallagher, 1960).
Individual fluctuations of urinary androstenol levels are
relatively slight compared with the range of variation between
individuals (Brooksbank, 1962a), and therefore it seemed that
androstenol levels could also be regarded as a constitutional
parameter. There is an extensive literature on endocrine
abnormalities in mental illness (Bleuler, 1954 ; Sands, 1957;
Reiss, 1958), and there is evidence indicating that deficiency
of gonadal secretions is not only a secondary outcome of mental
illness but also a predisposing factor of a constitutional nature.
It was therefore thought worth while to examine the urinary
excretion of androstenol of psychiatric patients and to compare
it with that of 17-oxosteroids (17-KS). Initial results, outlined
in a preliminary not (Brooksbank, 1962b), showed that a
substantially greater proportion of young male psychiatric
patients exhibited low urinary androstenol levels than was
apparent in the control series of men not under treatment for
mental illness. This paper describes the extension and ampli-
fication of this survey.

* Lecturer, Department of Biochemistry and Chemistry, Guy's Hospital
Medical School, London.

t Formerly Resident Medical Officer, Department of Psychological Medi-
cine, Guy's Hospital, London. Present appointment: Research
Fellow, Department of Psychiatry, University of Birmingham.

Chemical Methods

Urinary A16-androsten-3a-ol was estimated by the method
of Brooksbank and Haslewood (1961), with one small modifica-
tion which simplified the technique. The urine samples after
incubation with 83-glucuronidase were extracted with light
petroleum (b.p. 8O-100 C.) (May and Baker, redistilled).
The resulting extracts did not need to be washed with aqueous
alkali or water before evaporation and chromatography. Agree-
ment was excellent with parallel estimations made employing
the published extraction procedure with ethyl ether.

Urinary 17-oxosteroids (17-KS) were estimated by a standard
method (Medical Research Council, 1963), involving hydrolysis
of steroid conjugates by boiling with mineral acid.

Creatinine in urine was estimated by a standard method
(Hawk, Oser, and Summerson, 1947). Steroid excretion rates
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