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PAPERS AND SHORT REPORTS

Diagnostic value of thyrotrophin releasing hormone tests in
elderly patients with atrial fibrillation

A B DAVIES, I WILLIAMS, R JOHN, R HALL, M F SCANLON

Abstract

A prospective study was carried out to compare clinical
and biochemical thyroid states with responses of thyroid
stimulating hormone (TSH) to thyrotrophin releasing
hormone (TRH) in elderly patients with either atrial
fibrillation (n=75; mean age (SD) 793 (60) years) or
sinus rhythm (n= 73; mean age 78-4 (5 6) years) admitted
consecutively to the department of geriatric medicine.
No patient in either group had symptoms or signs of
hyperthyroidism. Overall, the TSH responses to TRH
did not differ significantly between the two groups. Ten
(13%) ofthe patients with atrial fibrillation (ofwhom four
had raised thyroid hormone concentrations) and five (7%)
of the patients with sinus rhythm showed no TSH
response to TRH while 26% of each group (20 and 19
patients, respectively) showed a much reduced response.
Only one of 13 patients with apparently isolated atrial
fibrillation showed no TSH response to TRH, and none
of these 13 patients was hyperthyroid. In particular,
three patients (two with atrial fibrillation and one with
sinus rhythm) who showed no TSH response to TRH at
presentation exhibited a return of TSH response to TRH
at follow up six weeks later.
In conclusion, reduced or absent TSH responses to

TRH are common in sick elderly patients whether they
have atrial fibrillation or sinus rhythm and whether
they are euthyroid or hyperthyroid biochemically. An
absence of response is therefore an uncertain marker of
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hyperthyroidism in these groups of patients, and
diagnosis and ablative treatment should be based at
least on the presence of raised circulating free triiodo-
thyronine or free thyroxine concentrations, or both.

Introduction

Atrial fibrillation is a common arrhythmia in elderly patients.
In one study 110% of a fully ambulant group of patients over the
age of 75 were shown to have atrial fibrillation.' Other studies
have shown elderly patients in hospital to have a significant
prevalence of atrial fibrillation varying from 4% to 14%.2-4
In a younger population the most common predisposing factors
are rheumatic, ischaemic, and hypertensive heart disease.5
Earlier studies suggested that atrial fibrillation was often un-
accompanied by other cardiac abnormalities, but ischaemic and
myopathic processes were probably overlooked.6 It is now
appreciated that fibrosis of the sinoatrial node may result in
disordered automaticity and predispose to atrial arrhythmias
that may be paroxysmal. In elderly patients infections such as
pneumonia or infections of the urinary tract are often associated
with atrial fibrillation, and after the infection has been success-
fully treated sinus rhythm returns.7 While in a younger popula-
tion hyperthyroidism is associated with well recognised physical
signs that only rarely include atrial fibrillation, in elderly
hyperthyroid patients atrial fibrillation is often present8 though
the usual physical signs may be absent.9

It is now accepted practice to determine the thyroid state of
patients presenting with atrial fibrillation. It has been sugges-
ted that routine laboratory measurements of thyroid hor-
mones in such patients are inadequate and that a test with
thyrotrophin releasing hormone should be performed as an
absence of a response of thyroid stimulating hormone (TSH)
to thyrotrophin releasing hormone (TRH) would facilitate
diagnosis of minor degrees of overactivity.0-12 This view has
not been wholeheartedly accepted as the evidence to support it is
limited."
Minor degrees of thyrotoxicosis are difficult to confirm as

tests for thyroid function can be unreliable. Concentrations of
thyroid hormones in ill patients may be increased or decreased,
and decreased concentrations can mask biochemical hyper-
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thyroidism. Basal TSH concentrations are subject to diurnal
variation and may also decline with age, as may the TSH
response to TRH. Various pharmaceutical preparations may

also influence conventional biochemical markers of thyroid
function. The practical and financial implications of detailed
assessment of thyroid state in all elderly patients with atrial
fibrillation are considerable, and further clarification is needed.
We therefore undertook a prospective study to compare clinical
state, free thyroid hormone concentrations, and TSH responses

to TRH in elderly patients presenting with sinus rhythm or

atrial fibrillation to determine whether the yield of thyrotoxic
atrial fibrillation was enhanced by carrying out a TRH test."'

Patients and methods

We investigated 75 patients who presented with atrial fibrillation
(mean age (SD) 79-3 (6 6) years) and 73 who presented with sinus
rhythm (mean age 78-4 (5 6) years). All patients were admitted as

acute medical emergencies and underwent full clinical examination,
including complete assessment of thyroid state. Blood samples were

taken for measurement of free thyroid hormone concentrations and
thyroid antibodies, and a standard TRH test (200 jig intravenously)
was performed with blood sampling at 0 and 20 minutes for measure-
ment of TSH. This test was performed at 1100, when daytime TSH
concentrations are at their nadir.

After treatment of their presenting illness a total of 42 patients
with atrial fibrillation and 49 patients with sinus rhythm were
followed up at six weeks. The remaining patients were not available
for follow up largely because they had died as a consequence of their
illness. The follow up examination included full assessment of thyroid
state, blood sampling for free thyroid hormone concentrations, and
a repeat standard TRH test. Free triiodothyronine and free thyroxine
concentrations were measured by analogue tracer method using

Amerlex kits (Amersham International, Bucks). The interassay
precision of the free thyroxine assay was 4-5% at 12 7 pmol/l (0-99
Hg/IOO ml) and 5-8% at 42 pmol/l (3 3 pg/100 ml), and that of the
free triiodothyronine assay was 3-3% at 3-4 pmol/l (2-2 pg/100 ml)
and 577% at 11 pmol/l (7-15 pg/100 ml). TSH concentrations were

measured using an immunoradiometric assay for human TSH,
which has been fully validated for clinical use and described pre-

viously."4 15 The interassay precision of the TSH assay was less than
10% at 0 5 mU/l and 4% at 10 mU/l. The TSH antibodies used do
not cross react with the gonadotrophins, and there is no negative
interference in the assay for TSH caused by high gonadotrophin
concentrations as standard curves can be superimposed in the presence

or absence of a vast excess (100 000 units) of human chorionic
gonadotrophin (S Woodhead, personal communication). With this
assay the normal basal circulating TSH concentration at 1100 is less
than 4 mU/l and the normal range of response to TRH (200 pg
intravenously) 20 minutes after administration is 4-0-18-0 mU/1.
Thyroglobulin and thyroid microsomal antibodies were measured
using the tanned red cell technique. A significant titre was considered
to be >1/160. Data were analysed by means of the Mann-Whitney
test because of their skewed distribution.

Results

Table I shows the age and sex distributions for all patients. There
were no significant differences in clinical or biochemical results
between the two groups. Table II presents follow up data. The only
significant difference to emerge was that free thyroxine concentrations
in patients with atrial fibrillation were higher than those in patients
with sinus rhythm (p < 0-05), a difference found in the whole sample
and in women but not in men. When a multiplicity of such tests of
significance are being performed little importance should be attached
to such an isolated significant result.

Table III summarises the relevant clinical and biochemical data.
No patients in either group showed any clinical evidence at any

TABLE I-Mean (SD) data relating to thyroid state and response of TSH to TRH at presentation in all patients

Patients with atrial fibrillation Patients with sinus rhythm

Men (n =33) Women (n =42) Total (n = 75) Men (n = 28) Women (n = 45) Total (n = 73)

Age (years) 77-7 (7 9) 80 6 (5-2) 79 3 (6-6) 76-9 (5 0) 79 4 (5 8) 78-4 (5-6)
Free thyroxine (pmol/l) 15 2 (3-0) 16 3 (7-1) 15-8 (5 6) 14 5 (3-1) 16-0 (3 8) 15-4 (3 6)
Free triiodothyronine (pmol/l) 4 1 (1-5) 4-3 (2-4) 4-2 (2-0) 3-8 (1-4) 3-7 (1 1) 3-8 (1-2)
Basal TSH (mU/l) 1-8 (2 2) 2-8 (3-5) 2-3 (3-1) 1-2 (1-1) 14 (1-7) 1-3 (1-5)
Peak TSH at 20 mins (mU/l) 6-6 (5 6) 10 0 (10-9) 8-5 (9-1) 4 9 (3 3) 6-6 (5 2) 6-0 (4 6)
Change in TSH (mU/l) 4-8 (4 7) 7-3 (7 8) 6-2 (6 7) 3-8 (2 7) 5-2 (3-9) 4-7 (3-6)

Conversion: SI to traditional units-Thyroxine: 1 pmol/l = 78 pg/100 ml. Triiodothyronine: 1 pmol/l= 0-65 pg/100 ml.

TABLE II-Mean (SD) data relating to thyroid state and response of TSH to TRH at six weeks' follow up

Patients with atrial fibrillation Patients with sinus rhythm

Men (n = 23) Women (n = 19) Total (n = 42) Men (n = 20) Women (n = 29) Total (n = 49)

Free thyroxine (pmol/l) 15-6 (3 4) 18 8 (6-4)* 17-0 (5 2)* 14 7 (2-0) 15-0 (3-5) 14-9 (3-0)
Free triiodothyronine (pmol/l) 4 9 (1-6) 5-4 (2-1) 5-1 (1-8) 5-1 (1-3) 4-6 (1-2) 4-8 (1-3)
Basal TSH (mU/l) 1-5 (1-2) 2-2 (2 4) 1-8 (1-8) 1-1 (1-3) 1-7 (2 4) 1-5 (2-0)
Peak TSH at 20 mins (mU/l) 5 9 (4-5) 10-4 (10-5) 7-9 (8 0) 4 9 (3 8) 7-4 (5-1) 6-4 (4 7)
Change in TSH (mU/l) 4-4 (3-5) 8-2 (8 2) 6-1 (6-3) 3-8 (2 8) 5-7 (3-6) 4 9 (3-4)

*Compared with data in group with sinus rhythm: p <005.
Conversion: SI to traditional units-Thyroxine: 1 pmol/1=78 pg/100 ml. Triiodothyronine: 1 pmol/I -65 pg/100 ml.

TABLE III-Summary of clinical and biochemical data on presentation in all patients

Patients with atrial fibrillation
Isolated atrial Patients with sinus rhythm (n = 73)
fibrillation Other illness
(n = 13) (n = 62) Total (n = 75)

Clinical hyperthyroidism:
Raised free thyroxine or free triiodothyronine, or both ( > 26 and > 9 pmol/l*) 4 4
Absent TSH response to TRH (rise < 1 mU/l at 20 mins) 1 9 10 5
Reduced TSH response to TRH (rise <2 mU/l at 20 mins) 2 18 20 19

Clinical hypothyroidism:
Raised basal TSH (> 6 mU/l) 1 9 10 3
Positive thyroglobulin antibody (titre > 1/160) 1 4 5
Positive microsomal antibody (titre > 1/160) 2 7 9 4

*>2 01 mg/100 ml and >5 85 pg/100 ml.
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TABLE iv-Summary of clinical and biochemical data for patients with no TSH response to TRH

At presentation At follow up

Case Age Free Free Basal TSH at Free Free Basal TSH at
No (years) Sex Diagnosis Goitre Antibodies Rhythm* trriodothyronine thyroxine TSH 20 mins Rhythm* triiodothyronine thyroxine TSH 20 mins

Hyperthyroid
1 81 F Pleurisy + AF 4 8 28 0 0 1 0 2 AF 8 5 31 3 - O 1 - 0.1
2 72 F Left ventricular failure: Small AF 12 1 43-0 0 1 <0 1 AF 8 8 33 8 -0 1 <0 1

mitral valve disease
3t 87 F Left ventricular failure AF 5 0 23 2 01 0 1 AF 8 6 28 3 - 0 1 c<01
4 72 F Asthma Small AF 10 3 15 5 0.1 0 2

Euthyroid, followed up
5 79 Mi Isolated atrial fibrillation Small AF 6 4 18 0 0 1 0 2 SR 6 9 19 9 0 1 0 1
6 71 M Pulmonary embolism AF 3-4 16-0 0 2 1 2 AY 6-2 22 3 1-3 4 9
7 76 F Chest infection Moderate AF 5 0 17 0 0 2 0 2 AF 5 3 16 5 0-3 1 0
8 84 F Anteriormyocardial Small AF 58 219 16 16 SR 54 169 10 40

infarction
9 76 M Chronic obstructive SR 4 0 18 4 0 2 0 8 SR 3 5 16 0 0 3 0 5

airway disease
10 83 F Pneumonia SR 5 0 22 8 001 0-6 SR 6 3 17 7 1 2 590
11 87 Mi Left hemiparesis SR 3 0 14-0 0-3 0-3 SR 5 0 15 9 0 9 0 9
12 73 MS Syncope Small SR 5-2 13 8 0 1 0 2 SR 8-0 13 9 <0 1 0 4

Euthyroid, not followed up
13 72 F Enteritis AF 1 7 9 0 0 4 1.1
14 80 F Congestive heart t1 cm AF 3-0 16 3 0.1 0 3

failure nodule)
15 87 F Osteoporosis SR 4 4 12 7 0.1 0.1

*AF = Atrial fibrillation, SR = sinus rhythm.
tFamily history of autoimmune thyroid disease

Conversion: SI to traditmonal units-Thyroxine: 1 pmol/l 78 pg/100 ml. Triiodothyronine: 1 pmolyl = 0 65 pgi 100 ml.

stage of either hyperthyroidism or hypothyroidism. Of the patients
with atrial fibrillation, 13 presented with isolated fibrillation of recent
onset and 62 with other illnesses (such as those documented in table IV)
in which atrial fibrillation was either longstanding or of unknown
duration. Of the patients with isolated atrial fibrillation, only one
displayed no TSH response to administration of TRH (< 1 mU/l
rise at 20 minutes). One patient had a minimally raised basal TSH
concentration (>5 mU/1) suggestive of primary hypothyroidism, and
three patients had significant titres of thyroid antibodies. No patient
in this group had raised free thyroxine or free triiodothyronine
concentrations. Of the patients with atrial fibrillation who presented
with other illnesses, four showed raised free triiodothyronine or free
thyroxine concentrations, or both (all of whom showed no response
to TRH), and nine patients in total showed no TSH response to
administration of TRH. Basal TSH concentrations were marginally
raised in a further nine patients, suggesting some degree of thyroid
failure, and 11 patients had positive thyroid antibodies. Among
patients presenting with sinus rhythm five showed no TSH response
to TRH, and none had raised free triiodothyronine or free thyroxine
concentrations, or both. Three patients had raised TSH concentra-
tions, and four had positive thyroid antibodies.

Table IV presents data for the 15 patients with no TSH response
to administration of TRH. Four patients (cases 1-4) were clearly
hyperthyroid on the basis of their free hormone concentrations and
absent TSH responses to TRH. More particularly, three patients
(cases 6, 8, and 10) with persistently normal free hormone con-
centrations and no TSH responses on admission showed restoration
of TSH responsiveness to TRH at follow up. Those patients who
had small goitres associated with non-responsiveness to TRH (cases
5, 7, 8, 12, and 14) may have had "subclinical hyperthyroidism" due
to a degree of thyroid autonomy. In two of these, however, sinus
rhythm had returned spontaneously at follow up, and specific anti-
thyroid treatment was not considered to be justified in any of the
patients with small goitres on the basis of the available clinical and
biochemical data.

Discussion

Frank hyperthyroidism was uncommon in this large group of
elderly patients presenting consecutively with atrial fibrillation
with or without other illnesses. In fact, mild biochemical
primary hypothyroidism (raised basal TSH concentrations) was
more common than biochemical hyperthyroidism (raised free
triiodothyronine or free thyroxine concentrations, or both) both
in the patients with atrial fibrillation (13% v 5%) and in the
patients with sinus rhythm (4% v 0%). Four out of 75 patients
(5%) showed definite biochemical evidence of hyperthyroidism
(three at presentation and one at follow up). In another study
13% of patients showed evidence of hyperthyroidism.'1 Sur-
prisingly, none of the 13 patients who presented with apparently
isolated atrial fibrillation showed evidence of hyperthyroidism.
In the one patient in this group who had no TSH response
to TRH at presentation sinus rhythm returned at follow up

and free thyroid hormone concentrations remained normal and
unchanged. Altogether 10 of the 75 patients (13%) with atrial
fibrillation and five of the 73 (7cO) with sinus rhythm showed
no TSH response to TRH. More importantly, three of these
15 patients (200' ) showed a return of TSH responsiveness to
TRH at follow up, including one patient who presented with
apparently isolated atrial fibrillation. It appears, therefore, that
the absence of a TSH response to TRH would have been an
unreliable marker of hyperthyroidism in this group of patients.
Definite abnormalities related to the thyroid were more common
in the group with atrial fibrillation than in the group with sinus
rhythm, including hyperthyroidism (5 /vOv°o), biochemical
primary hypothyroidism (13°O v 40O), and significant titres of
thyroid microsomal or thyroglobulin antibodies, or both
(19°0o v 60o).

In a younger population of normal subjects a rise in TSH
concentrations after administration of TRH to above the upper
limit of the normal range for TSH would be expected (the normal
range in our laboratory using an immunoradiometric assay is
4 0-18-0 mU/l). In this elderly population 20 (26%) patients
with atrial fibrillation and 19 (260,) patients with sinus rhythm
showed a rise of less than 2 mU/l after administration of TRH
with peak concentrations at 20 minutes remaining well within
normal range. They would therefore be classed as showing a re-
ducedTSH response toTRH in comparison with a younger popu-
lation. Furthermore, such small TSH responses toTRH might be
classed as absent using less sensitive and precise radioimmuno-
assays for human TSH. We do not have control data for a compar-
able healthy elderly population and therefore cannot ascribe such a
reduction in TSH responsiveness to either the process of aging
itself or the general state of health of our patients. It seems clear
from these data, however, that reduced or absent TSH responses
to TRH are quite common in the sick elderly population as
measured by our immunoradiometric assay for TSH and as
suggested also in other recent studies in which TSH was
measured by radioimmunoassay.tt6 7 This phenomenon is found
whether these patients have sinus rhythm or atrial fibrillation
and whether they are hyperthyroid or euthyroid according to
free thyroid hormone concentrations. In most cases such
reduced responsiveness cannot be firmly ascribed to hyper-
thyroidism. Indeed, we emphasise that some patients who show
no TSH response to TRH on presentation may show restoration
of TSH responsiveness at subsequent follow up.

In conclusion, reduced or absent TSH responses to TRH
are common in sick, elderly patients, and treatment of hyper-
thyroidism in such patients should not be based solely on the
finding of reduced or absent TSH responses. Assessment of the
TSH response to TRH, however, can still be a useful tool when
hyperthyroidism is suspected as the presence of a significant
TSH response firmly excludes such a diagnosis. In the absence
of clinical evidence of hyperthyroidism we would suggest that
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treatment is limited to those patients who show raised free
triiodothyronine or thyroxine concentrations, or both, on
presentation or who show a rise in free hormone concentrations
to above the normal range after treatment of their intercurrent
illness. In more doubtful cases a significant TSH response to
TRH will exclude hyperthyroidism. We disagree with the advice
of Forfar and Toft'1 12 that in elderly patients with atrial fibrilla-
tion and normal thyroid hormone concentrations the absence
of a TSH response to TRH is grounds for treatment (often
destructive) of hyperthyroidism.

We are grateful to Professor M S J Pathy and Dr B D Sastry for
allowing us to study their patients. We also thank Dr R G Newcombe
for statistical advice.
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Mechanisms of malignant hypercalcaemia in carcinoma
of the breast
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Abstract

To investigate the mechanisms of hypercalcaemia in
carcinoma of the breast, 22 patients with hypercalcaemia
due to metastatic carcinoma were studied and the
findings compared with those obtained in normal
subjects and patients with benign and malignant breast
disease without hypercalcaemia. As expected, patients
with metastases of bone showed biochemical evidence
of increased bone resorption. Whereas all patients with
hypercalcaemia had skeletal metastases, not all patients
with skeletal metastases had hypercalcaemia despite
considerable degrees of bone resorption. The presence
of hypercalcaemia was associated with a significant
increase in renal tubular reabsorption of calcium
(p <0 001) and decreased reabsorption of phosphate
(p <0 001) despite adequate rehydration of patients.
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These studies suggest that increased renal tubular
reabsorption of calcium, possibly mediated by a humoral
factor with activity similar to that of parathyroid
hormone, contributes appreciably to the hypercalcaemia
of malignant breast disease.

Introduction

Hypercalcaemia is a common complication of breast cancer,
occurring in 10-25% of patients with disseminated disease.1-3
The main mechanism of hypercalcaemia is increased bone
resorption due either to a direct effect of the tumour on bone or
to agents liberated by the tumour that activate osteoclasts.3 4
The discrepancy between the degree of hypercalcaemia and the
extent to which the skeleton is affected by metastases suggests
that other mechanisms may be important.5 6 Among the other
organ systems that have a role in homoeostasis of calcium, the
contribution ofintestinal absorption of calcium to hypercalcaemia
is likely to be minimal, as patients with hypercalcaemia have
reduced intestinal absorption of calcium and low serum con-
centrations of 1 ,25-dihydroxycholecalciferol.7 8 Impaired renal
function is likely to be important as dehydration increases renal
tubular reabsorption of calcium and thus aggravates hyper-
calcaemia.9 Moreover, impaired glomerular filtration, a result
of both hypercalcaemia and volume depletion, decreases the
ability to excrete a challenge of calcium derived from bone.

Patients and methods

We studied 22 patients with malignant hypercalcaemia due to
carcinoma of the breast. Six were receiving treatment with tamoxifen
(20 mg daily by mouth), and seven showed biochemical evidence of
hepatic metastases. None were taking oestrogens. All showed radio-
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