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A Case of Isolated ACTH Deficiency Who Developed Auto-
immune-Mediated Hypothyroidism and Impaired Water
Diuresis during Glucocorticoid Replacement Therapy
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Abstract.

A case of isolated ACTH deficiency who developed autoimmune-mediated hypothyroidism and still

showed impaired water diuresis during glucocorticoid replacement therapy is reported. A 45-year-old woman was
initially admitted for nausea, vomiting, and general malaise. Her serum sodium and plasma osmolality, ACTH and
cortisol values were low, but her urine osmolality was high. Other pituitary hormone levels, thyroid hormone levels,
and a computed tomogram of the pituitary gland were normal. The patient was treated with hydrocortisone and
followed in the outpatient clinic; however, she was lost to follow up 18 months after admission. Three years later
she presented with hypoglycemia and hyponatremia. Her serum or plasma ACTH, FT3, FT4, cortisol levels were low
and her serum TSH level was high. Pituitary stimulation tests revealed a blunted response of ACTH to CRH and
an exaggerated response of TSH to TRH. Plasma ADH was inappropriately high, and a water-loading test revealed
impaired water diuresis and poor suppression of ADH. Although ADH was suppressed, impaired water diuresis was
observed in the water loading test after hydrocortisone supplementation. Thyroxine supplementation completely
normalized the water diuresis. Her outpatient clinic medical records revealed a gradual increase in TSH levels during
follow up, indicating that she had developed hypothyroidism during glucocorticoid replacement therapy. The
hyponatremia on the first admission was due to glucocorticoid deficiency, whereas the hyponatremia on the second

admission was due to combined deficiencies of glucocorticoid and thyroid hormones.
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ISOLATED ACTH deficiency is a rare cause of
secondary adrenocortical insufficiency. Although in
most cases the pathogenesis of isolated ACTH
deficiency is uncertain, an autoimmune mechanism
may be responsible, as suggested by the histological
evidence of lymphocytic hypophysitis and by the
frequent detection of anti-pituitary antibodies and
association with other autoimmune disorders [1].
We describe a case of isolated ACTH deficiency as-
sociated with hypothyroidism due to autoimmune
thyroiditis and hyponatremia due to impaired water
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diuresis. The impaired water diuresis was not im-
proved by hydrocortisone replacement alone, but it
was completely resolved after thyroxine supplemen-
tation. The hypothyroidism developed during
replacement therapy with hydrocortisone for the
preceding ACTH deficiency.

Materials and Methods

The following hormones and antibodies were
measured by radioimmunoassay: insulin (Phadeseph
Insulin RIA kit, Pharmacia), C-peptide (C-peptide
RIA Shionogi kit II, Shionogi), aldosterone (Al-
dosterone RIA kit II, Dainabot), plasma renin activ-
ity (PRA) (Renin RIA kit II, Dainabot), cortisol (1-
coat Cortisol kit, Deid), free triiodothyronine (FT3)
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(Amerlex-MAB FT3 kit, Amerlex), free thyroxine
(FT4) (Amerlex-MAB FT4 kit, Amerlex), anti-
thyroglobulin antibody (Tg Antibody kit, Eiken),
anti-thyroid-peroxidase antibody (TPO Antibody
kit, Eiken), and ADH (AVP RIA Mitsubishi, Mitsu-
bishi). The following hormones were measured by
immunoradiometric assay (IRMA), GH (GH kit,
Daiichi), LH (SPAC-S LH kit, Daiichi), FSH
(SPAC-S FSH kit, Daiichi), ACTH (ACTH II IRMA
kit Mitsubishi, Mitsubishi), TSH (SPAC-S TSH Kkit,
Daiichi) and PRL (SPAC-S Prolactin kit, Daiichi).
Urinary free cortisol was measured by fluorescence
polarization immunoassay with Dainabot cortisol kit
(Dainabot). TSH receptor antibody was measured
by radioreceptor assay with TRAB Cosmic II
(Cosmic), and catecholamines were assayed by high-
performance liquid chromatography.

Case Report

A 45-year-old woman was initially admitted to our
hospital on December 27, 1994, because of nausea,
vomiting, general malaise and poor appetite that she
had first noted 10 days before. On admission, she
was slightly drowsy, her body temperature was
35.4°C, pulse 78/min and regular, and blood pres-
sure 84/64 mmHg. Her height was 160.4 cm, and
she weighed 55.4kg. The thyroid gland was not
palpable, and the lungs, heart, and abdomen ap-
peared normal. There was no peripheral edema or
abnormal pigmentation. Axillary hair and pubic
hair had been lost. The patient had menstruated
3 weeks before admission. Leukocyte count was
6300/mm?3, with 8.3% eosinophils. Serum sodium,
potassium, and chloride values were 113, 4.8, and
79 mEq/1, respectively. Serum glucose, blood urea
nitrogen, creatinine, and uric acid values were 72, 10,
0.3, and 2.6 mg/dl, respectively. Plasma osmolality
was 243 mosm/l, but urine osmolality was
560 mosm/1. The results of chest and abdominal X-
ray examinations were normal. Since the patient was
admitted 2 days before the New Year’s holidays,
further examination could not be performed, and her
serum and plasma samples were kept frozen for assay
after the holidays. Based on the available data,
intravenous administration of 500ml saline sup-
plemented with 40 ml of 10% sodium chloride so-
lution and oral administration of demethylchlor-

tetracycline hydrochloride 900 mg/day were started.
Her serum sodium increased to 130 mEq/1 on the 3rd
hospital day and to 134 mEq/1 on the 6th day. Her
consciousness became normal, and her symptoms
resolved as her serum sodium levels improved. In-
travenous saline administration was discontinued on
the 8th hospital day. Endocrinological laboratory
studies on admission showed low serum or plasma
levels of ACTH and cortisol. Her plasma ADH was
1.70 pg/ml, and was inappropriately high despite her
low serum osmolality (Table 1). A computed
tomography (CT) scan of the brain showed that the
brain and especially the pituitary gland were normal.
Oral hydrocortisone 20 mg/day was started, and de-
methylchlortetracycline hydrochloride was discon-
tinued. The patient’s serum sodium value became
normal, and her urine osmolality decreased to 420-
425 mosm/l.  Since she refused further endo-
crinological testing, she was discharged on hydro-
cortisone 20 mg/day. The patient was followed
in our outpatient clinic, and her serum sodium re-
mained in the range 135-141 mEq/l. Follow-up in
the outpatient clinic revealed gradually increasing
TSH levels (Fig. 1). She continued to attend the
outpatient clinic until June 1996, but was lost to
follow-up thereafter.

Early in the morning of November 8, 1999, she was
found to be confused and disoriented by her family,
and was brought to our hospital by ambulance. She
was lethargic, her blood pressure was 80/48 mmHg,
pulse 90/min, and body temperature 35.5°C, but
there were no abnormal physical findings except the
consciousness disturbance. An emergency CT scan
of the brain, electrocardiogram, and chest and ab-
dominal X-ray films were normal. Because labora-
tory examination revealed a serum glucose value of
45mg/dl, 50% glucose solution and 100 mg of
hydrocortisone succinate were administered intra-
venously. The patient regained consciousness, but
was admitted for further examination and treat-
ment. She had been well after she discontinued
medication in July 1996 and had entered menopause
in early 1998. On admission, her serum sodium,
potassium, and chloride were 120, 3.8 and 85 mEq/1,
and serum blood urea nitrogen, creatinine, and uric
acid were 23, 0.6, and 2.1 mg/dl, respectively.
Plasma and urine osmolality was 250 mOsm/1 and
566 mOsm/1, respectively. Intravenous administra-
tion of 500 ml of saline supplemented with 40 ml of
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Table 1. Endocrinological data on the first and second admission

First admission

Second admission

ACTH

GH

LH

FSH

PRL

Free triiodothyronine

Free thyroxine

TSH

Aanti-thyroid receptor antibody
Anti-thyroglobulin antibody
Anti-thyroid peroxidase antibody
Plasma renin activity
Aldosterone

Cortisol

Insulin-like immunoreactivity
C peptide-like immunoreactivity
Epinephrine

Norepinephrine

ADH

Urinary cortisol excretion
Urinary aldosterone excretion
Urinary-C-peptide-like
Immunoreactivity excretion

<5 pg/ml <5 pg/ml
8.21 ng/ml 3.93 ng/ml
18.8 mIU/ml 12.8 mIU/ml
44.9 mIU/1 35.4mIU/ml
14.9 ng/ml 10.0 ng/ml
3.0 pg/ml 2.3 pg/ml
1.4ng/ml 0.9 ng/dl

3.3 pU/ml 19.1 £U/ml
Not examined —5.2%

Not examined* 6.5 U/ml***

Not examined**
0.6 ng/ml/hr

1.2 TU/ml****
0.9 ng/ml/hr

7.1ng/dl 4.6 ng/dl

3.1 pg/dl 1.5 pg/dl
Not examined 6 xU/ml

Not examined 2.3 ng/ml
Not examined <0.01 ng/ml
Not examined 0.68 ng/ml
1.70 pg/ml 2.29 pg/ml
Not examined 1.4 pg/day
Not examined 0.8 pg/day
Not examined 40 p1g/day
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*, ¥*%. Antithyroglobulin antibody (hemagglutination method) was negative,
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s :

antimicrosome antibody (hemagglutination method) was negative.

10% sodium chloride solution was started, and the
patient’s serum sodium became normal 4 days after
treatment. Endocrinological examination on admis-
sion showed low serum or plasma levels of ACTH,
FT3, FT4, cortisol, low urinary cortisol excretion,
and high serum levels of TSH, anti-thyroglobulin
antibody, and anti-thyroid-peroxidase antibody.
Her plasma ADH was 2.29 pg/ml, and was inap-
propriately high despite her low plasma osmolality
(250 mosm/1) (Table 1). Antithyrogloblin antibody
(hemagglutination method) and antimicrosome anti-
body (hemagglutination method) were negative.
No abnormal findings, such as tumor or empty sella,
were found on a CT scan or magnetic resonance im-
age of the pituitary gland. Dynamic tests for pitui-
tary hormones secretion in response to combined
stimulation with CRH, TRH, LH-RH and GRH
revealed a blunted response of ACTH, exaggerated
response of TSH and normal responses of PRL, LH,
FSH and GH, while secretion of aldosterone and
cortisol after ACTH stimulation were normal (Fig.

2). Water loading tests were performed before, and
10 days after hydrocortisone 20 mg/day replacement,
and her body weight was 50kg (Table 2). After
hydrocortisone replacement her thyroid hormone
levels became normal: FT3 2.6 pg/ml, FT4 1.1 ng/dI,
TSH 1.3 pU/ml. The water loading test before
glucocorticoid replacement showed that she excreted
only 25% of the water load, and that her urine os-
molality remained high; her plasma ADH was not
suppressed despite the decrease in serum osmolality,
and free water clearance was negative throughout the
examination. The water loading test after glucocor-
ticoid replacement showed suppression of ADH in
accordance with the decrease in serum osmolality,
and improvement of urine excretion to 39% of the
water load; however, the urine osmolality was higher
than that of the plasma, and free water clearance was
negative except for the final 30-min period.
Levothyroxine 100 pg/day was given, and the water
loading test was performed 10days later. After
levothyroxine and hydrocortisone replacement, her
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Fig. 1. Changes in patient’s TSH and thyroid hormone levels during 1995-1996.
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Table 2. Water loading test

1. Before replacement

UV (ml) Na (mEq/1) ADH (pg/ml) Posm (mOsm/1) Uosm (mOsm/1) Ciz0 (ml/min)
Basal 140 2.39 297 760
0900-0930 h 10 292 755 —0.5
0930-1000 h 10 136 1.89 287 750 —0.5
1000-1030 h 10 285 735 —0.5
1030-1100 h 20 134 1.76 283 720 —1.1
1100-1130h 40 282 716 -2
1130-1200 h 60 132 1.54 280 711 —3.1
1200-1230h 50 275 538 —1.6
1230-1300 h 50 130 1.50 270 365 —0.6
Total 250

2. After hydrocortisone 20 mg/day replacement

UV (ml) Na (mEq/1) ADH (pg/ml) Posm (mOsm/1) Uosm (mOsm/1) Cyzo (ml/min)

Basal 142 1.14 295 744

0900-0930 h 25 290 696 —1.1
0930-1000 h 35 136 0.87 285 681 —1.7
1000-1030 30 284 667 —-1.3
1030-1100 h 30 135 0.81 282 653 —-1.3
1100-1130h 30 281 646 —1.3
1130-1200 h 40 134 0.77 281 638 —1.6
1200-1230 h 70 281 443 —1.3
1230-1300 h 140 134 0.53 281 248 0.6
Total 390

3. After hydrocortisone 20 mg/day and levothyroxine 100 1g/day replacement

UV (ml) Na (mEq/]) ADH (pg/ml) Posm(mOsm/1) Uosm(mOsm/1) Cuyz0 (ml/min)

Basal 141 2.02 292 720
0900-0930 h 30 288 675 —-1.3
0930-1000 h 30 137 1.15 283 630 —-1.2
1000-1030 h 50 280 457 —-1.1
1030-1100h 60 136 0.91 276 283 —0.1
1100-1130h 150 279 207 1.3
1130-1200 h 250 137 0.53 282 130 4.5
1200-1230h 200 284 120 3.9
1230-1300 h 200 138 0.48 286 110 4.1
Total 970
Serum and urine samples were obtained at the end of each period.

thyroid hormones were FT3 2.8pg/ml, FT4 Discussion

1.4 ng/ml, and TSH 2.9 pxU/ml. When she excreted
979% of the water load, urine osmolality became
lower than plasma osmolality 2 hours after water
loading, and plasma ADH was suppressed as the
plasma osmolality decreased.

The patient presented with drowsiness due to
hyponatremia on the first admission and conscious-
ness disturbance due to hyponatremia and
hypoglycemia on the second admission, and her
clinical course and physical findings (loss of pubic
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and axillary hair and episodes of hypoglycemia)
strongly suggested a diagnosis of glucocorticoid
deficiency. Her plasma ACTH and cortisol levels
were low, but the levels of other pituitary hormones
were normal. Although pituitary stimulation tests
could not be performed during the first admission, a
blunted response of ACTH to CRH was confirmed
during the second admission, and the diagnosis of
ACTH deficiency was confirmed. Secondary
adrenocortical insufficiency due to ACTH deficiency
impairs cortisol and adrenal androgen secretion but
not aldosterone secretion. The usual symptoms are
malaise, loss of energy, anorexia, weight loss,
postural hypotension, orthostatic dizziness, and
sometimes headache. Women tend to lose pubic and
axillary hair and have decreased libido. Severe cor-
tisol deficiency may result in hypoglycemia and
hyponatremia [1].

Since the first report by Steinberg ef al. [2], isolated
ACTH deficiency has been increasingly associated
with various autoimmune diseases, such as primary
hypothyroidism due to autoimmune thyroiditis [3-
11], Graves’ disease [12], polyglandular failure [5, 9,
13], insulin-dependent diabetes mellitus [13], and
autoimmune hypophysitis [10, 14]. These results
strongly suggest that autoimmune mechanisms play
important roles in the pathogenesis of isolated
ACTH deficiency. Autoimmune thyroiditis has been
the most common autoimmune disease associated
with isolated ACTH deficiency, and it has been
demonstrated histologically in all of the cases
reported [5, 6, 9, 10, 11], or by the presence of
thyroid autoantibodies [4, 7, 8]. Cortisol deficiency
can also directly affect thyroid function [15, 16], and
chronic glucocorticoid deficiency may impair the
thyroid response to endogenous TSH or directly
promote secretion of thyroid hormone [17-19].
However, in the present case, the low serum levels of
thyroid hormones, increased serum TSH, presence of
thyroid autoantibodies and exaggerated response of
TSH to TRH suggest that the hypothyroidism was
probably due to autoimmune thyroiditis. The auto-
immune-mediated hypothyroidism in the present
case developed during glucocorticoid replacement
therapy (Fig. 1). Since antithyroglobulin antibody
and antithyroid peroxidase antibody were not tested
during the first admission, and antithyroglobulin an-
tibody (hemagglutination method) and antimicro-
some antibody (hemagglutination method) were

negative during both admissions, we could not rule
out the possibility that autoimmune thyroiditis had
already been present during the first admission. In
cases of isolated ACTH deficiency or adrenal
glucocorticoid deficiency associated with autoim-
mune-mediated hypothyroidism, physiological doses
of glucocorticoid have been variously reported to
improve [20, 21] or not to improve thyroid function
[7, 16, 17]. The development of autoimmune-
mediated hypothyroidism during glucocorticoid
replacement therapy in isolated ACTH deficiency is
quite rare, and only two cases have been reported to
date [3, 5]. Accumulation of similar cases will be
needed to explore the mechanisms of this response
and development of hypothyroidism following
glucocorticoid replacement therapy in adrenal in-
sufficiency.

Our patient developed hyponatremia with high
urinary osmolality in the presence of hyponatremia,
and serum hypoosmolality was observed. Despite
the hyponatremia and serum hypoosmolality, the se-
rum level of ADH was inappropriately high, indicat-
ing that free water generation was impaired. Im-
paired free water generation was confirmed by a
water-loading test during the second admission.
However, despite the improvement in thyroid hor-
mone levels after glucocorticoid replacement ther-
apy, the impaired water excretion persisted and the
patient excreted only 39% of the water load in the
second water load test. It has been reported that the
thyroid hormone levels of patients with isolated
ACTH deficiency complicated by autoimmune-
mediated hypothyroidism do not return to normal
levels when glucocorticoid replacement is provided
[7, 15]. As long as the patient had impaired water
excretion, she had the possibility of developing
hyponatremia, and for that reason levothyroxine was
administered and the water loading test was per-
formed. Since her water excretion became normal
after levothyroxine supplementation, the pathogene-
sis of the development of hyponatremia in the first
and the second admissions seems to have been
different. The above findings suggest that the
hyponatremia on the first admission was due to
glucocorticoid deficiency, whereas the hyponatremia
on the second admission was due to a combination of
glucocorticoid and thyroid hormone deficiencies.
Glucocorticoids have been found to act directly on
the hypothalamus and tonically inhibit ADH release
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by magnocellular neurosecretory neurons [22], and
plasma ADH has been found to increase in
glucocorticoid deficiency [23]. These findings sug-
gest that sustained and nonsuppressive ADH secre-
tion because of the glucocorticoid deficiency may
have played a role in the pathogenesis of hyponatre-
mia in the present case; however, that fails to fully
explain the impaired water diuresis on the second
admission. Although the patient’s serum thyroid
hormones normalized after hydrocortisone replace-
ment, the fact that the impaired water diuresis
became normal after thyroxine supplementation in-
dicates that thyroid hormone deficiency was also
responsible for the impaired water diuresis on the
second admission. While the contribution of in-
appropriate secretion of ADH has been reported

[24, 25], the mechanisms of impaired water diuresis
in hypothyroidism are considered to be non-ADH
dependent including a decrease in glomerular filtra-
tion rate [26, 27], a decrease in cardiac output [28],
changes in renal tubular function [29], and decreased
distal delivery of the filtered load in the kidney [30].
The mechanism responsible for the impaired water
diuresis observed in our case after hydrocortisone
replacement is unclear, because we did not investigate
whether she had the abnormalities described above.
Montenegro et al. [31] reported that impaired water
diuresis corrected by administration of thyroid hor-
mone is frequently subtle and difficult to diagnose,
because most patients have normal serum creatinine
levels.
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