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MEDICAL PRACTICE

Clinicopathological Conference

A Case of Hypoaldosteronism
DEMONSTRATED AT THE ROYAL COLLEGE OF PHYSICIANS OF LONDON

British Medical Journal, 1975, 1, 316-320

The eighth of the quarterly series of clinicopathological
conferences was held at the Royal College of Physicians of
London on 25 July 1974. The case was presented by Professor
R. Hoffenberg and discussed by Dr. J. G. Ledingham.

Clinical Summary

HISTORY

Mrs. A. B. is now a 60-year-old housewife. For 27 years she had been
troubled by a painful right wrist attributed to arthritis. In February
1969 she was admitted to hospital because of epigastric pain and
vomiting and was told she had a peptic ulcer. While she was in hospital
her feet began to swell and she developed an irregular pulse, her serum
PBI concentration was found to be raised, hyperthyroidism was

diagnosed, and she was treated with carbimazole, digoxin, diuretics,
and a potassium supplement. In 1970, while still taking all these pills,
she was admitted to hospital because of three episodes of profound
muscular weakness and suffered a cardiac arrest shortly after admission;
hyperkalaemia was found. No abnormal pigmentation was noted.
She was successfully resuscitated and left hospital well. In 1971 she
experienced some dyspeptic symptoms followed by melaena and was
again admitted to hospital and treated with "white medicine." In
1972, though she was taking carbimazole (in addition to digoxin,
frusemide, and potassium chloride), her hyperthyroidism was thought
to be uncontrolled and she was given 181I therapy. Thereafter she
stopped her carbimazole. The diuretic and potassium supplements
were now being taken very infrequently, only when she felt her feet
were swelling a little. In 1973 she was again admitted to hospital
because of vomiting and diarrhoea associated with profound muscular
weakness. After 10 days in hospital she suffered a second cardiac
arrest, hyperkalaemia was again present, and she was successfully
resuscitated. She was transferred to the Queen Elizabeth Hospital,
Birmingham, in October 1973, where the main findings were painful
limitation of the right wrist, atrial fibrillation, enlargement of the left
lobe of the thyroid gland, and evidence of increased peripheral
circulation. Numerous blood pressure readings ranged from 150/90 to
160/95.

PROFESSOR HOFFENBERG (1): Today we have a slightly different
clinicopathological conference. The woman is alive and well,
so we have no necropsy pathology. We do have some genuine
pathology-things you can look at under a microscope. But much
of the pathology is chemical pathology. I must acknowledge the
kindness of Dr. E. R. Williams of Coventry, who referred the
patient after having made the correct diagnosis; we merely
added some biochemical embellishments.

DR. LEDINGHAM (2): The patient seems to have four diagnoses
of greater or lesser importance: a peptic ulcer-a gastric ulcer
on the x-ray films; a chronic lesion in the right wrist; a thyroid
disorder; and most dramatically, and most serious for her,
episodes of cardiac arrest associated with very extreme hyper-
kalaemia, with high blood urea, preceded by very marked
muscle weakness. I think the thing to tackle at the beginning is
the hyperkalaemia.

She had peaks of serum potassium of 9 2 and 8-6 mEq/l in
1970 and 1973 on the occasions that she developed cardiac
arrest and she also had a high blood urea level with less dramatic
levels of plasma creatinine. Her serum potassium and blood
urea were never really normal.
The commonest cause of hyperkalaemia leading to cardiac

problems in ordinary clinical practice must be renal failure. We
generally associate such high potassium levels with acute renal
failure or with the very terminal stages of chronic renal failure.
She had not got renal failure in the ordinary sense: she did not
have proteinuria. Her plasma creatinine levels were respectable;
and her intravenous pyelogram does not suggest that she had
serious disease of her kidneys. We don't need to discuss further
the possibility that renal failure was the cause of her hyper-
kalaemia. But I do believe that the reason for her high potassium
was that the kidneys were at fault in not excreting it.
Was the patient eating vast amounts of potassium ? If she had

had a very high intake of potassium and was taking potassium-
retaining diuretics dangerous levels of plasma potassium could
have been reached. I don't think that is likely and certainly it
wouldn't happen twice.
The presentation for hyperkalaemic periodic paralysis was

just not right. She was too old, with no family history, the blood
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urea was raised, and, so far as I am aware, periodic paralysis
does not cause cardiac arrest.
That brings one to Addison's disease, which is a far more

serious contender because one is dealing with a middle-aged or
elderly woman. She had thyroid antibodies in a high titre which
leaves one in no doubt that she had autoimmune thyroiditis.
She also had adrenal antibodies. In addition, she had an episode
in 1973 of vomiting and weakness that might make you think of
adrenal insufficiency. But her blood pressure was normal and
she was not pigmented-so clinically she was not making
excessive amounts of ACTH, and the plasma cortisol and its
response to synthetic ACTH was respectable by any standards.

CAUSE OF DERANGED POTASSIUM METABOLISM

This brings me off the fence and to what I believe was wrong
with this patient's potassium metabolism. I believe she is an
example of the rare syndrome of isolated hypoaldosteronism,
in which the adrenal behaves perfectly normally on the cortisol
and sex hormone side, but badly on the mineralocorticoid side.
The first of these patients was described by Hudson et al. in
1957,1 but quite a number have appeared since, with a real
explosion of reports in the last two years.2 This patient's story
is about as typical as it could be. The features of isolated
hypoaldosteronism are: the patients are elderly (60+), with
evidence of vascular disease and hyperkalaemia, often presenting
with cardiac arrest or heart block. The hyperkalaemia has often
been precipitated by a period of sodium depletion. In this lady's
case record her first cardiac arrest might have taken place when
she was on diuretics and her second followed a period of vomiting
and diarrhoea, so she had the classical aggravating feature of this
condition.
The blood urea level in these patients is always raised and

one might expect that it was raised because of mineralocorticoid
deficiency with failure of conservation of sodium and extra-
cellular fluid volume and therefore volume depletion. In many
of the published cases of isolated hypoaldosteronism there
has been evidence of interstitial disease of the kidney, but there
is no evidence for structural disease of the kidney in this case.

Episodes of muscular weakness, as described here are common
presenting features of idiopathic hypoaldosteronism. The
patients are not pigmented because the glucocorticoid axis is
intact. It is interesting to note that all the cases I have seen had
normal blood pressures, and a proportion were even hyper-
tensive.

This brings one to how to diagnose the condition-by
demonstrating an abnormally low aldosterone excretion rate,
secretion rate, or plasma level (whichever is available) which
cannot be raised by sodium depletion or the erect posture.
Most people would now agree that renin and angiotensin play

a large part in controlling aldosterone secretion. Just as important
is the potassium ion itself. Rises in potassium balance stimulate
aldosterone secretion as much, or even more, than does
angiotensin. Conversely low potassium levels retard the secretion
of aldosterone. It is uncertain whether it is the extracellular or
plasma concentration or the intracellular potassium which is
important. But positive potassium balance-and we are in no
doubt about that here-is normally a potent stimulus to aldos-
terone secretion.

If she did have aldosterone deficiency, why might she have it ?
Broadly she might have a disturbance in the normal physiology
of the renin-angiotensin system, or a deficiency in the target
organ, that is some sort of misbehaviour on the part of the zona
glomerulosa cells.

If we come right away from renin, the alternative is that the
fault lies in the zona glomerulosa cells of the adrenal cortex
and the concept most often bandied about is that there is an
acquired enzyme deficiency. I don't know how often one
acquires enzyme deficiencies in one's 60s. But if it is acquired in
the synthesis of aldosterone, it ought to be late in the pathway
because all other steroids are normally secreted in these patients.
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It would have to be between the conversion of corticosterone,
18-hydroxycorticosterone, and aldosterone. Now there are cases
in the literature in which people have claimed that an 18-
hydroxylase deficiency has been responsible3 but I don't think
they have proved it in the adult cases. The cases that have been
well described have been in infants, with catastrophic high
potassiums. I don't think it is likely that we shall turn up any
defect of aldosterone synthesis in this case.
One case at least of hypoaldosteronism has been attributed to

heparin therapy.4 Heparin interferes with the reaction between
renin and its substrate, with angiotensin production in vitro,
and with aldosterone biosynthesis, and has even been used as a
natriuretic agent.-' So we'd like to know if she's had any heparin.

Finally, she might have normal metabolism of renin and
aldosterone, and the problem might be a renal tubular one: this
seems extremely unlikely. The two recorded cases both con-
cerned young people, and neither presented as this lady did.
May we now hear about her balance data?

BALANCE DATA

DR. M. WAITE (3): Fig. 1 shows serum sodium, potassium, urea,
and the sodium balance during ten days, five on an intake of
120 mEq/day of sodium and five on 14 mEq/day. She also had
70 mEq/day of potassium. Though we estimated her usual
sodium intake as 120 mEq/day, she was probably taking more.
For during the high sodium study stress her serum sodium level
fell, the potassium stayed level, and her blood urea concentration
rose. She was able to shut off sodium excretion on both occasions.
She does have renin and angiotensin. She has little aldosterone,
and under stress the renin and angiotensin increases, but there
is no significant aldosterone response.

0-
Sodium balance

(mmol) 5

100-
1401

Serum Na+
(mmol/ 1) 130

K+ 6mmol/l
4

24 -

20 -

Blood urea l6
( mmol/1l) I12

8

Renin activity
(uq I/ I-/ h-1)

Angiotensin 11
ng / I)

A Ido sterone
(nq/l)

Intake
1 120 14 -

_ ever _ve~=v

234 7 .8 91 1 '12
Day

FIG. 1-Sodium balance, serum sodium and potassium,
blood urea, plasma renin activity, angiotensin, and
aldosterone during two periods: (a) on 120 m moles
sodium intake per day; (b) on 14 m moles sodium
intake per day.

DR. LEDINGHAM: Thank you. Very interesting. You can't
complain about the angiotensin II response to sodium depri-
vation. The aldosterone response is very low, and confirms the
diagnosis of hypoaldosteronism. But it suggests that the problem
may not be on the renin angiotensin axis but on the adrenal axis
itself. We may conclude that the patient has low enough aldos-
terone secretion to be put into this group of cases.
We might turn now to the thyroid. In 1969 she had what
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sounds like ordinary thyrotoxic heart disease. She was treated
with carbimazole, digoxin, a thiazide diuretic, and potassium.
Three years later she is still clinically thyrotoxic, with a PBI
just above normal at 9-1 ,ug/100 ml and was treated with 13'I. In
1973 she still has atrial fibrillation, an enlarged left thryoid lobe,
and an increased peripheral circulation. So she was suspected
still to be thyrotoxic despite three years of carbimazole therapy
and 131I treatment.
This led, very properly, to further investigation of her

thyroid. Her serum thyroxine level was 8-4 ,ug/100 ml. The clue
comes with her thyroid scan (fig. 2). It doesn't have the shape of
a thyroid and shows, I think, a central nodule in the thyroid-not
the scan of autoimmune thyroiditis-more like a toxic adenoma
with the rest of the gland suppressed. So she has autoimmune
thyroiditis and a toxic adenoma, which probably accounts for
the failure of TSH to respond to TRH.

THYROID SCAN ANTERIOR THYROID SCAN
(POST I S.H.I (POST T3,

FIG. 2-Scan of thyroid gland showing "hot nodule" with lack of suppression
after 120 t±g triiodothyronine daily and return of thyroid uptake by right
lobe after TSH stimulation.

Then we come to her wrist. I have no idea what this is on the
x-ray film (fig. 3)-a quite extraordinary lesion in the middle of
the carpal bones, but perhaps not originating from bone? It has
a speckling of calcium inside it. In 1973 the x-ray appearance
was not significantly different. Her symptoms date back 27
years. I was thinking about a chronic walled-off granulomatous
disease. It gets more intriguing with a postoperative radiograph.
The wrist has clearly been explored and packed with bone
chips but there is much more osteoporosis. The carpus is much
more fused and seized up. I was also sent a wrist scan, which
shows increased uptake of 131I by the right sided lesion-which
makes one wonder if it is a metastasis from a thyroid? I can't
believe it is, after 27 years, even though thyroid carcinoma can
hang around for a long time.

- :~~~~~~~~~~~..........r
FIG. 3-X-ray fim of wrist lesion showing "lytic lesion" in carpus.
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That leaves me with her gastric ulcer. I cannot link with the
thyroid, adrenal antibodies, or idiopathic hypoaldosteronism, so
that I believe it is a benign gastric ulcer. In summary, she also
had a chronic granuloma in the wrist, possibly tuberculosis;
autoimmune thyroiditis; toxic thyroid adenoma, atrial
fibrillation, and isolated hypoaldosteronism.

Discussion

PROFESSOR HOFFENBERG: Thank you. You have masterfully
reviewed this patient, who presented a very complicated picture.
Before I open the discussion, I think there are some more data
I should give you. The patient has a palpable thyroid nodule,
corresponding with the hot area on the scan (fig. 2). After TSH
(fig. 2) a scan shows uptake in the right lobe, which had therefore
been suppressed by the active nodule. After T 3 for six days no
suppression of this nodule was shown.

DR. M. F. GREEN (4): Was there any evidence about the vascular
disease apart from her heart failure ? Is there any information
about her calcium or magnesium levels ?

PROFESSOR HOFFENBERG: There was no other evidence of
generalized vascular disease. Her calcium metabolism was
normal as far as it was investigated. Her magnesium level was
not measured.
MEMBER OF THE AUDIENCE: I have seen a lesion in the upper

end of the tibia present for 20 years which was due to typhoid.
PROFESSOR HOFFENBERG: Yes, we considered typhoid osteitis,

but there was no evidence for it. We were very worried about this
extremely painful wrist which took up radioactive iodine. We
seriously considered a metastasis from thyroid cancer and asked
the orthopaedic surgeons to biopsy it; they thought they could
offer her some relief surgically, explored the wrist, and fused it.
The patient is delighted with the result because her pain has
been cured completely and she can now move her fingers freely.
The thyroid gland was also tackled surgically largely because of
our concern about its nature. So we have two pieces of operative
pathology to offer, and I will ask Professor Brewer to show it.

HISTOLOGICAL SOLUTIONS

PROFESSOR D. B. BREWER (5): Thank you. In this unconventional
C.P.C. you will not expect me to provide the conventional
denouement. From the wrist we received nodules up to 2 cm
diameter of white gelatinous material. We were expecting
possible thyroid secondary tumour. But it clearly was not
histologically, as fig. 4 shows. It was made up of lobules of cells
with plentiful eosinophilic cytoplasm. We thought it might be a
secondary from elsewhere, possibly a melanoma as we found

FIG. 4-Histology of tissue from wrist lesion showing large cells with
abundant eosinophilic cytoplasm ( x 375).
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pigment in it. The cells contained glycogen so we wondered
about a secondary tumour from liver or even from kidney. But
we were not sure. I discussed it at length with several colleagues
and I think the best suggestion is that of Professor E. D.
Williams of Cardiff that it is a chondromyxoid fibroma-a rare
benign tumour. This occurs most usually under 30-but she
had had symptoms for 29 years. It is most usual in the tibia
but Dahlin's review of 4,000 bone tumours at the Mayo Clinic
included 20 of these and some were in the small bones of the
hands and feet.6 So I think this is most probably what it was. The
cells are rather large and binucleate and before its original
description in 19487 it was commonly mistaken for a malignant
tumour. In favour of its connective tissue origin it contains a

large amount of connective tissue mucin which is metachromatic
on staining with toluidine blue.
The thyroid tumour was roughly spherical, about 4 cm in

diameter. Histologically it was a relatively inactive simple
colloid adenoma of the thyroid (fig. 5).

I.. ..m..l.e..c

FIG. 5-Tumour of thyroid. A simple colloid adenoma (H & .E x 130).

PROFESSOR HOFFENBERG: Thank you. That is one part of the
pathology and I will ask Dr. Waite to present our findings in
the biochemical field.

DR. WAITE: Dr. Ledingham has been through a lot of this but
I would like to bring out one or two points, and give our

interpretation of the data. The first things that went through
our minds were that she had chronic renal failure, Addison's

disease, or isolated mineralocorticoid deficiency. Chronic renal

failure appeared unlikely because the potassium level was too
high for the urea concentration, and she had relatively normal
renal function when she was well. Against Addison's disease
was the fact that her diurnal cortisols were within the normal

range, as was the synacthen response, and the urinary free
cortisols. She did have the adrenal antibodies.

In the syndrome of isolated hypoaldosteronism the elderly
patient normally has renin deficiency, and the young very often
an enzyme block in the mineralocorticoid pathway. We set out

to decide if she had hyporeninaemic hypoaldosteronism. The
results in fig. 1 were reproduced on another occasion, so she

really had a high angiotensin II and a low aldosterone. At this
stage we thought she had either a failure of the complete
mineralocorticoid pathway or an enzyme block.
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Repeating the metabolic study as before but with a sodium
intake of 170 mEq/day, we were able to look at some of the
intermediate compounds in the mineralocorticoid pathway,
thanks to Dr. Peter Mason in Glasgow (table). DOC, 18-
hydroxyDOC, corticosterone, and aldosterone all rose only a

small amount. Was this an early failure of the whole adrenal
associated with antibodies, so far just affecting the mineral-
ocorticoid pathway? But there was some evidence of a specific
block. Thin-layer urine chromatography by Dr. Brian Rudd
showed the presence of an unknown substance with x-keto-
reduction which might be 18-hydroxyDOC, so these might be
a specific block between this substance and aldosterone.

FOUR FACETS OF ILLNESS

PROFESSOR HOFFENBERG: Thank you. To sum up, Dr. Ledingham
was quite right about the four facets of this patient's illness:
the peptic gastric ulcer; the hypoaldosteronism which she
normally compensated by taking a high salt intake; (on 170
mEq/day she was well compensated but on lower intake she lost
excessive sodium, her aldosterone defect became more apparent,

and the serum potassium rose with these catastrophic effects on
her heart); an autonomous thyroid nodule, perhaps on the verge

of hyperthyroidism; and chondromyxoid fibroma of the wrist.
From the point of view of treatment we did three things for

her. We put her on fludrocortisone which has corrected her
mineralocorticoid defect and will, I hope, prevent further
attacks of cardiac arrest. We did the thyroidectomy. One could
argue that a second dose of radioactive iodine would have been
effective. But in the circumstances we also excluded malignancy.
Thirdly, her wrist is no longer troubling her. Would Dr.
Ledingham have any other comments ?

DR. LEDINGHAM: I still feel slightly unsatisfied about the
cause of her hypoaldosteronism and I am sure you do. I think
it does not add a great deal to say she has a generalized failure
of the aldosterone synthetic pathway because one hasn't really
been able to document the precise step. The adrenal antibodies
intrigue me. I dropped a line (I don't know if I was allowed to)
to Dr. Irvine in Edinburgh to ask if he knew if adrenal antibodies
could be zona-glomerulosa specific. You can get fluorescent
antibody staining of the glomerulosa cells more or less alone but
usually involving the outer fasciculata layers as well. I don't
think there is any evidence of the antibodies being hormone-
specific.

DR. M. NELLEN (6): How did you treat the cardiac arrest?
Did you give her mineralocorticoids then?

DR. E. R. WILLIAMS (7): It was treated with insulin and a glucose
drip initially with cardiac massage and assisted respiration. The
second time her heart started beating after about five to 10
minutes. We were fortunate to have a serum potassium result
while the arrest was going on, and we brought the level down
to about 5 mEq/l within about 40 minutes.

DR. LEDINGHAM: Had she been treated with biogastrone for
her gastric ulcer ?

DR. WILLIAMS: No, and she had never had potassium-retaining
diuretics.

DR. W. A. OLIVER (8): Were the electrocardiographs not
characteristic of hyperkalaemia ?

DR. WILLIAMS: The E.C.G. on admission was uneventful. The
one immediately after the cardiac arrest was extremely dramatic

Effect of Dietary Sodium Intake on Renin-Angiotensin System and Adrenocortical Mineralocorticoids. (Figures in Parentheses are the Normal Ranges)
Plasma Renin 18-Hydroxy-
Activity Angiotensin II Deoxycorticosterone Deoxycorticosterone Corticosterone Aldosterone Sodium

Day ng/ml/h pg/mi ng/100 ml ng/100 ml pg/100 ml ng/l00 ml intake
(0-46-:306) (10-30) (4-16) (20-160) (008-08) (up to 18) m mol/day

0 0.5 16 417
5 0l6 14 6-3 52-1 0404 4 }170
8 70 583 0830 }14
10 3460 7-8308010 1
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with very high T waves, and slow QRS complexes with a rapid
resolution of 30-60 minutes.

PROFESSOR R. F. MAHLER (9): Was there any family history of
any endocrine disturbance-thyroid, adrenal, or parietal cell
antibodies ?

PROFESSOR HOFFENBERG: No, there was no family history but
we have not conducted a family screen.

DR. WILLIAMS: When I was thinking of hyperkalaemic
periodic paralysis I saw as many of the family as I could find.
None had any evidence of recurrent muscular weakness.

PROFESSOR HOFFENBERG: I would like to thank Dr. Ledingham
and all the participants.

This conference was recorded and edited by Dr. W. F. Whimster.
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Occasional Survey

Non-fatal Injuries Sustained by Back Seat Passengers

M. S. CHRISTIAN

British Medical Journal, 1975, 1, 320-322

Summary

Of 2 275 cases of non-fatal injuries sustained by all
categories of road users 185 were inflicted on back seat
passengers. Twenty-six such passengers sustained severe
and 66 moderately severe injuries. Only two patients
(aged 18 months and 3 years) wore any form of restraint.
Back seat passengers may be injured by impact with the
rear of the front seat or other objects in the rear com-
partment; by objects in the front compartment; or by
being thrown out of the car completely. An adequate
restraint system, such as the lap-and-diagonal type of
seat belt, would reduce the incidence and severity of
injuries.

Introduction

In recent years the advantage to front seat passengers and
drivers of wearing seat belts at all times has been well publi-
cized.'-8 Appeals have tried to stimulate voluntary response by
the public and have drawn attention to the marked reduction
in severe facial, head, and chest injuries sustained, in particular,

Royal Free Hospital, London NW3 IJB
M. S. CHRISTIAN, M.B., F.R.C.S., Consultant, Accident and Emergency
Department

by drivers and front seat passengers. In several states in
Australia wearing seat belts has been compulsory for almost
three years, and the dramatic drop in the incidence of severe
facial and head injuries has been a gratifying result of compul-
sion. Regrettably, in the United Kingdom seat belt wearing is
still optional for the driver and front seat passenger, but hope-
fully the wearing of seat belts will soon be made compulsory.

Little if any publicity has been directed towards the risks
to which back seat passengers are subjected.4 Some Scandina-
vian countries install safety belts in the rear seats of their
vehicles routinely, and the study reported here of the injuries
sustained by back seat passengers indicates that this measure
is not without some justification.

Methods

Detailed questionnaires were sent to all patients who had had
non-fatal injuries as a result of a road traffic accident and who
had been brought to one major accident centre during 1970-3.
About 30% answered the questionnaires completely. The
questionnaire was divided into several sections, the first and
second relating to personal details of the accident victims, such
as age and sex, and a statement as to the nature of the accident.
The second section specifically sought information about the
class of road user and what forms of restraint, if any, were
available and in use at the relevant time. A further section dealt
with specific injuries sustained and the effects of these injuries
in interrupting the normal pattern of life-for example, by
causing time off work or school.
Where the replies were vague or inconclusive reference to

the patient's records was made and followed up, if necessary,
by an interview with the patient.
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