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Single-dose Dexamethasone Suppression Test for Cushing's Syndrome

S. McHARDY-YOUNG,* M.B., M.R.C.P.; P. W. R. HARRISt M.B., M.R.C.P.; M. H. LESSOF,t M.D., M.R.C.P.
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In distinguishing the raised cortisol production of Cushing's
syndrome from that found in other conditions the dexa-
methasone suppression test of Liddle (1960) has been widely
used. The disadvantages of this test are the length of time it
takes to perform and its reliance on the relatively slow changes
in urinary metabolites. Rapid changes after dexamethasone
suppression are reflected in the plasma cortisol level, and this
has been recognized in the dexamethasone infusion test of
James et al. (1965) and in various multiple-dose dexamethasone
tests (Ross et al., 1966 ; Bethge et al., 1966).

Nichols et al. (1965) observed that single doses of dexa-
methasone have their greatest effect in suppressing plasma
cortisol levels when they are given at night. This has formed
the basis of the relatively simple test described in this paper.

Subjects

Sixteen normal subjects were studied. They consisted of
eight female and eight male hospital staff, working normally
and not under basal conditions. Two other female subjects
were excluded from any statistical analysis after it was found
that their very high resting plasma cortisol levels were asso-

ciated with the effects of contraceptive pills, which they were

taking at the time.
Seventeen obese subjects (16 females and 1 male) were studied

as hospital inpatients under basal conditions.
A further miscellaneous group of 15 hospital inpatients

studied included eight who were admitted for adrenal function
tests to exclude adrenal overactivity and subsequently proved
to have normal adrenal function.
Nine cases of Cushing's syndrome were studied-six due to

adrenal hyperplasia, one with an adrenal adenoma, and two
associated with non-endocrine tumours (one thymic tumour and
one carcinoma of the bronchus).

Patients were grouped according to the clinical diagnosis at
the time of admission. Only one patient (Table II, Case 48)
was subsequently reallocated. Investigation of her obesity
revealed a pituitary tumour; she was therefore included in the
miscellaneous group of patients. Two patients in this group
(Cases 42 and 44) were admitted for adrenal function studies
and not for starvation as was the case with the other 16 obese
subjects.

Method

Heparinized blood samples for estimation of plasma cortisol
were obtained from non-fasting subjects at the following times:
(1) a morning sample before 10 a.m., (2) a midday sample at
2 p.m., and (3) a mid-evening sample at 8 p.m. 2 mg. of
dexamethasone was then given by mouth between 11.30 p.m.
and midnight and further samples were obtained at the same

time next day. The results were expressed as absolute values,
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and the percentage by which the corresponding plasma levels
were reduced were calculated.
The effect of 0.5 mg. of dexamethasone given at midnight

was also studied in eight normal subjects; more than 60%
suppression was achieved in only one case and further studies
with this dose were discontinued. In a small number of cases
the test was repeated after 8 mg. of dexamethasone at midnight.
The Mattingly (1962) method for determination of free

1 1-hydroxycorticosteroids in human plasma measures both
cortisol and corticosterone, but as only very small amounts of
the latter hormone are present in human plasma (Bush and
Sandberg, 1953) the levels determined can for practical pur-
poses be referred to as plasma cortisol levels. The following
modification introduced by James (personal communication,
1965) is used in the fluorometric assay.
The extraction procedure is carried out in the same manner

except that 2 ml. of ethanol-sulphuric acid fluorescence reagent
is added to the methylene chloride extract. This provides
improved sensitivity. The timing of the reading of the samples
is strictly adhered to. The use of volumes of plasma less than
2 ml. is avoided, since this leads to spuriously high values.
The fluorescence was read on a Locarte fluorimeter using
a zinc lamp with primary blue (L.F. 11) and secondary yellow
(L.F. 7) and green (O.G.R. 1) filters.

Addition of reagent reveals a colour reaction in some cases
due to metabolic constituents other than 11-hydroxycortico-
steroids. Cholesterol has been identified as such a substance,
and at values above 250 mg./100 ml. the interference seems
to be significant. Synthetic corticosteroids produce very little
interference, but administration of oestrogens alone or combined
with progestogens will raise plasma cortisol levels.
The results are obtained from a four-point calibration curve

(20, 40, 60, and 80 jug. cortisol/100 ml.). In all cases
deionized water blanks for reagents are subtracted. A cuvette
containing fluorescein solution is placed in the machine between
each reading to monitor lamp stability and an arithmetical
correction is made for machine variation from the result.
The 24-hour urinary excretion of 17-hydroxycorticosteroids

(17-oxogenic steroids) was measured by the method of
Norymberski et al. (1953) in 16 of the 17 cases of obesity, in
14 of the 15 cases comprising the miscellaneous group, and in
all the cases of Cushing's syndrome. The normal range was
accepted as being 5-22 mg. in males and 4-16 mg. in females.
Two-day dexamethasone suppression of the urinary output of
17-hydroxycorticosteroids (Liddle, 1960) was also carried out
in a number of cases.

Results

When the reliability of various diagnostic criteria for
Cushing's syndrome was considered it was evident that abnor-
malities of resting plasma cortisol levels, of diurnal variation,
and of urinary excretion of 17-hydroxycorticosteroids occurred
not only in Cushing's syndrome but in various other conditions.
The concentration of free plasma cortisol in the peripheral

blood is a useful measure of adrenal activity provided the
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normal diurnal rhythm of the plasma corticosteroids is taken
into account (Bayliss, 1955). Though this method does not
measure absolute levels of free cortisol it reflects adrenal cortical
activity fairly closely. Our studies have shown that the method
can, in spite of daily variations and nonspecific fluorescence,
show the patient's pattern of corticosteroid output. Changes
in the levels recorded after stimulation or suppression can be
measured with accuracy.

In our experience the basal level (mean± 1 S.D.) for plasma
cortisol in 50 normal subjects was 17.4+6.0 Fkg./100 ml. in
the morning, 14.7±2.8 ftg./100 ml. at midday, and 10.4+4.1
tLg./100 ml. at mid-evening. These values are higher than
those quoted by other workers (Mattingly, 1962; Ross et al.,
1966), but represent the range in our laboratory. In our

experience we have found that zero readings virtually never

occur and values below 5 tAg./100 ml. suggest adrenal suppres-
sion or hypofunction. The results from each assay have been
found to be highly reproducible. Duplication errors in 142
plasma samples were: less than ±1% (56 samples), ±1-2%
(31), ±2.1-2.9% (22), ±3-4% (12), +4-6% (13), ±6-6.5% (4),
and ±7.1-11% (4).
The results of plasma cortisol assays before and after dexa-

methasone are summarized in Table I and the Chart. After
taking dexamethasone 2 mg. at midnight, maximum suppres-
sion of cortisol secretion occurred in the early morning. In
most normal cases suppression persisted throughout the day
and was reflected by a reduced evening level, though in some
cases there was a tendency for "escape" to occur.

pg. lOOmI.

70

60

50

40

30

20

10

0

Morning plasma cortisol levels (in jig./100 ml.) before and after 2 mg.

of dexamethasone at midnight.
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Normal Subjects
The normal diurnal variation was absent in one case and high

random plasma cortisol levels were frequent. It should perhaps
be emphasized that many of the subjects studied were members
of the medical staff working under stress and not under basal
conditions (Table II, Cases 1, 2, 3, 4, 9, Il, 12, 13, 15, and 16),
and this is probably reflected in the high morning levels.
Case 10 was subject to extreme vasovagal reactions after any
venepuncture. The mean values were 20.5 ±7.6 jug./100 ml.
in the morning and 10.2±4.0 tg./100 ml. in the evening.
After 2 mg. of dexamethasone at midnight a marked and pro-
longed suppression of plasma cortisol was produced in every
subject. The degree of suppression was most pronounced in
the morning (82.3 ± 5.7%) diminishing to 60.6 ±21.6% by mid-
evening, the mean values at these times being 3.3 ± 0.9 [Lg./
TABLE II.-Plasma Cortisol Levels Before and After Dexamethasone

Suppression in Normal Subjects, Obese Patients, and a Miscellaneous
Group of Patients

Case
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35
36
37
38
39

40
41
42

43
44

45
46
47
48
49

50

Diagnosis
a.m.

Normal subject.. 32-0
29-0
19-5

I 18-7
!-., ,, . . 15-7

I -,, ,, .. I13-0
, 18-7

as , . . 19-5
I , 22-0

i. -,. . 127-6
I. 14-5

I -, ., .. 38-0
I , . 110-9

I 19-6
13-7
14-8

Obese subject .. 13-0
19-1
28-4
16-7
27-9
23-8

,. ,, .. 119-5
12-4

, , 19-2
,, ,,I.I .. 1-

15-0

14-4
14-0
21-8
11-0
13-7

Obesity hyper-
tension .. 18-0

? Virilism . 9-8
Diabetes .. 15-0
Hirsutism . . 11-0
Epilepsy .9.95
Rheumatoid

arthritis . . 29-1
Amenorrhoea 120-0
Hirsutism 125-0
Obesity with

striae .. .1 16-0
Virilism.. | 12-1

Obesity with
striae .. 1 15-5

Pigmentation . 30-1
Alopecia . . 16-5
Hirsutism . 18-9
Pituitary tumour 18-9
Normal on con-

traceptives*. . 46-4
.I. ,* 53-7

sing Levels After 2 mg. % Suppression
Dexamethasone

mid- mid- mid- IPM*day p.m. a.m. day p.m. a.m. day p.m.
- 1-
13-9
16-4
10-6
7-9

11-6
13-7
9-5

12-6
10-0
17-5
8-9

25-1
16-1
12-5
12-3
14-8
7-3
7-5

26-7
15-7

15-0
18-9

14-5
25-5
19-6
7-3

15-0

18-0
17-3
13-7
11-7

7-1
10-2
11-0
15-2
15-9

21-5
12-0
15-9

14-7
17-7

12-5
15-6
12-9
11-2
15-1

46-0
22-8

11-5
15-8
6-2
6-3
9-3
6-6
5-8
8-3

10-8
18-9
12-7
8-7
4-9

11-9
10-6
15-4
6-1
7-4

10-2
10-1
7-3

11-1
10-0
8-9

25-1
14-5
4-8
16-0
8-4
123
7-6
59

10-8

5-6
30
5-6
6-0

18-2
7-5

14-8

20-3
11-0

8-9
16-2
17-5
17-6
14-0

17-0
31-2

3-7
5-4
3-7
2-5
3-8
2-2
2-6
2-3
3-4
3-6
3-6
3-2
2-9
3-4
3-2
3-7
3-0
3-2
6-2
3-5
2-8
3-5
2-0
3-2
5-7
3-2
3-3
4-4
2-5
2-3
2-6
2-8
2-6

2-6
1-8
3-0
3-7
3-3

8-5
2-0
3-9

1-7
4-8

2-7
3-2
2-5
3-1
7-5

7-9
6-9

3-7
5-0
3-8
2-8
3-9
3-0
2-6
1-9
3-1
3-2
3-0
3-0
3-0
3-1
3-0
3-7
2-9
3-1
5-3
9.5
3-8
3-8
2-5
6-0
4-0
3-8
2-8
4-5

1-9
2-6
3-3
3-5

2-5
1-0
3-5
4-2
3-0

6-4
7-5
4-6

1-4
5-6

3-3
2-5
2-8
3-2

11-1

6-7
6-0

3-3
4-9
3-7
2-3
4-4
4-0
7-7
2-0
3-7
3-2
3-2
3-0
2-5
3-0
3-0

4-2
5-6
12-9
7-5
3-8
5-0
4-7
8-0
3-8
3-3
3-4
2-5
2-0
5-5
3-4
3-9

2-7
1-7
5-7
4-4
5-0

5-0
1-5
4-5

4-7
3-9

3-3
2-5
2-8
6-5
7-2

5-1
5-6

88-5
81-4
81-0
86-6
75-8
83-1
86-1
88-2
84-5
87-0
75-2
91-6
73-4
82-7
76-7
75-0
76-9
83-2
78-1
79-0
89-9
85-3
89-5
74-2
70-3
72-9
75-2
70-7
82-6
83-5
88-1
74-6
81-1

85-5
81-6
80-0
66-4
65-3

70-8
90-0
84-4

89-5
60-4

82-6
89-4
84-8
83-6
60-4

83-0
86-9

73-4
69-5
64-2
64-6
66-4
78-1
72-6
84-9
69-0
81-7
66-3
88-0
81-4
75-2
75-6
75-0
60-9
58-6
81-5
39-5
74-7
80-0

58-8

84-3
80-6
41-7
70-0
89-8
85-0
76-2
70-0

64-8
92-0
68-4
62-3
81-1

70-2
37-3
71-0

90-5
68-4

73-6
84-0
78-3
71-5
26-4

84-6
73-7

* These two subjects were excluded from statistical analysis.

71-5
69-0
40-3
63-5
52-7
39.4
00-0
75-9
65-7
83-1
74-8
65-5
49-0
74-8
71-7

43-2
45-0
00-0
00-0
65-3
50-0
47-9
68-2
73-8
31-1
79-8
70-2
83-8
27-6
42-3
63-9

52-2
43-3
00-0
33-2

72-5
80-0
69-6

76-8
64-5

63-0
84-5
84-0
64-0
48-6

70-0
82-3

TABLE I.-Mean Plasma Cortisol Levels in Various Disorders Before and After Dexamethasone Suppfession. Standard Deviations
in Parentheses

Group
No. of
Cases

Studied
Day
No.

Plasma Cordsol Levels (jig.100 ml.) on Day 1

(Resting) and Day 2 (After 2 mg. Dexamethasone)

a.m. midday. p.m.

% Suppression

a.m. midday P.m.

Normal subjects 16 1 20-5 (7-6) 13-3 (402) 10-2 (4 0) N823(5.7) 74 2 (75) 60 (21 6)2 3-3 (0-9) 3-2 (0-7) 3-6 (1-4)

Obese subjects 17 2 17 4 (5.2) 15-6 (5-1) 10-6 (4-8) 78-6 (6-6) 63-4 (12-0) 49-4 (15-3)23-6 (1-1) 4-4 (1-7) 5-1 (2-7)

Miscellaneous 15 1 177 (6-3) 132 (3-5) 126 (6-2) 74-9 (15 3) 69 3 (17 6) 61 6 (23 4)' s do|32336 (1-7) 4-2 (2-6) 4-1 (1-7) 74-9 (15-3) 693(176) 1 6(234)

Cushing's syndrome 9 2 33-6 14-6 29-6 Il- 31-6 (10-6) 14-7 (16-7) 21-8 (17-2) 12-1 (17-2)
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100 ml. and 3.6±1.4 jig./100 ml. In the two female subjects
on oral contraceptives the resting morning levels were 46.4 and
53.7 ~rg./l00 ml., but the post-suppression values were nearly
normal, being 7.9 and 6.9 [tg./l00 ml. respectively.

Obese Subjects
The normal diurnal variation in plasma cortisol level was

absent in four cases (Table II, Cases 25, 26, 28, and 30) and
the 24-hour urinary 17-hydroxycorticosteroid levels were at or
above the upper limits of normal in nine (Table II, Gases 19,
20, 22., 24, 25, 27, 29, 30, and 31). By these criteria Gushing's
syndrome could not always be excluded.

Detailed clinical studies, including suppression of urinary
output of 1 7-hydroxycorticosteroids by exogenous cortico-
steroids and the plasma coritisol response to PI-24 corticotrophin
(Synacthen), produced no further evidence of Gushing's syn-
drome. Follow-up over 18 months has not revealed any mild
case of Gushing's syndrome in this group.
The mean resting plasma cortisol levels were 17.4 ±5.2 jLg./

100 ml. in the morning and 10.6 ±4.8 /xg./100 ml. in the
evening. The degree of suppression of the morning cortisol
level was always greater than 70% (78.6 ±6.6%) the absolute
values being 3.6± 1.1 jug./100 ml. The effect of the dexa-
methasone persisted until mid-evening in most cases (mean
values 5.1 +2.7 ttg./lOO ml.) though by then the degree of
suppression was less marked (49.4±15.3%).

Miscellaneous Group
This group of 15 patients included eight with high urinary

17-ketosteroids and 17-hydroxyc-orticosteroids (Table II, Gases
35, 40, 41, 42, 43., 46., 47, and 48) and therefore included cases
showing the type of diagnostic problem in which the usefulness
and validity of adrenal function tests can best be assessed. All
these cases were extensively investigated and four had presacral
air studies. /31-24 corticotrophin stimulation, corticotrophin
infusion tests, and urinary dexamethasone suppression tests
produced no confirmatory evidence of Gushing's syndrome
even in those patients with initially high urinary corticosteroid
levels. The mean resting morning cortisol level was 17.7 ±6.3
Itg./100 ml., falling to 12.6±6.2 /-tg./100 ml. in the evening,
figures which closely correspond to the previous groups. Loss
of diurnal variation was present in four cases, but dexametha-
sone supprcssion was normal in these cases and was still present
in the evening. The post-suppression values in this group
were 3.6± 1.7 /ig./10O ml. in the morning and 4.1± 1.7 jtg./
100 ml. in the evening, the degree of suppression produced
being 74.9±15.3%( and 61.6+23.4% respectively.
The three patients who showed the least marked suppression

after dexamethasone deserve comment. In two cases the degree

BiurTsHs
MEDICAL JOURNAL

of suppression of the early morning plasma cortisol level was
60.4%. The first (Case 43), a patient with virilism, had a
normal post-suppression level of 4.8 ~tg./100 ml. The other
(Gase 48), who had a pituitary tumour, showed an incomplete
pattern of suppression with an early morning level of 7.5 jtg./
100 ml. ; follow-up studies nine months later showved a normal
suppression of 82.1% (post-suppression morning level 3.5 tig./
100 ml). A third patient in this group (Gase 39) was a woman
with severe anaemia, active rheumatoid arthritis, and a nephrotic
syndrome ; she had high plasma cortisol levels and a high early
morning cortisol, level after dexamethasone (8.5 ,-tg./100 ml.),
which was nevertheless 70.8 % below the resting level. These
figures may have reflected a response to the stress of active
disease, as described by Nugent et al. (1963). Her joint symp-
toms were unaffected by this dose, and 8 mg. of dexamethasone
at midnight suppr~essed her cortisol level to below 4.5 /-Lg./
100 ml. for the next 24 hours. However, the 2-mg. dexa-
methasone suppression test alone was sufficient to exclude the
diagnosis of Gushing's syndrome.

Cushing's Syndrome. Before Treatment

Gonfirmation of the clinical diagnosis of Gushing's syndrome
was based on the elevation of plasma cortisol levels with loss
of the normal evening fall in all cases, and an excessive response
to 'a 1-24 corticotrophin. In seven cases, including the two
associated with non-endocrine tumours., there was also surgical
or postmortem confirmation of adrenal hyperplasia ; an eighth
case had an adrenal adenoma, and in the remaining cases
bilateral adrenal hyperplasia was demonstrated by presacral air
studies. Initial 24-hour urinary 17-hydroxycorticosteroid levels
in the nine cases of Cushing's syndrome were normal in two,
moderately raised in three, and markedly raised in four. Forty-
eight-hour dexamethasone suppression tests on the urinary 17-
hydroxycorticosteroid levels (Liddle, 1960) were carried out in
five cases of adrenal hyperplasia, with widely varying results.
In three of these cases the high-dosage regimen failed to exclude
an adrenal tumour or associated non-endocrine tumnour.
The mean early morning plasma cortisol level was 40.6 + 19.7

~tgo./100 ml., and only one patient (Table III, Gase 55) had
a morning cortisol level (13.0 tkg./100 ml.) within basal limits;
however, three other patients (Gases 51, 53, and 57) had levels
(27.0, 30.0, and 29.7 ptg./100 ml.) only just outside these limits.
In every case 2 mg. of dexamethasone at midnight failed to
cause normal suppression of the plasma cortisol, levels. The
lowest cortisol. levels after dexamethasone were 13.0 ;Lg./100 ml.
in the morning and 14.5 fig./100 ml. in the evening. This
represented a morning suppression of less than 10% in six
cases, 30.6 and 32.6% in Cases 56 and 51, and 45% in Case
59. The results differ significantly from those in all other
groups (P<0.001). In -three cases 8 mg. of dexamethasone
was given but no futher suppression could be obtained.

TABLE III.-Resting Plasma Cortisol Levels (Pug./100 ml.) and Response to Dexamethasone in 10 Cases of Gushing's .Syndrome
Studied Before and After Initial Treatment

Resting After 2 mg.

I Dexa. 5I innression Initial
Resting
Levels

IAfter2mg. After8mg.

I Dexa- SuppressionI Dexa- Suppression ISubsequent
No. Diagnosis _ ____ methasone _ _ Tre~atmnt -methasone - __ methasone i!Treatment

a.m. P.m. a.m. p.m. a~m. p.m. a.m. p~m. a~m. p.m. a.m. p.m. a.m. Ip.m. a~m. p.m.

51 Adrenal Unilateral Total
hyperplasia 27-0 20-4 18-2 18-6 32-6 8-7 adrenalectomy 28-4 30-4 25-0 23-2 12-0 22-7 9-6 12-2 66-8 60-0 adrenalectomy

52 22 ,,2 44-2 36-5 40-9 34-0 8-2 4-5 , ,, 44-0 39-9 40-5 35-6 8-0 10-8 - - - - 5

53 5,, 3. 30-0 27-9 32-7 39-0 0-0 0-0 ,, 27-4 32-0 25-0 31-7 9-0 1-0 20-3 34-9 25-7 0-0
54 . . . . . . . . . -- - 14-9 14-4 8-3 16-7 44-2 0-0 4-7 16-7 68-4 0-0 Pituitary

D.X.T.
55 , ,. 13-0 29-0 13-0 14-5 0-0 50- ,10-5 15-4 4-4 3-5 58-0 87-7 - - - - Observation
56 ,, 38-0 28-9 26-4 26-0 30-6 00 37-9 34-0 30-4 35-1 19-4 0-0 10-4 32-4 72-5 4-8 Total

57 ~~~29-7 28-1 27-3 39-8 8-0 0-0 PituitaryadelctmIY ~~~~~~~~~D.X.T. 29-9 22-2 6-4 28-9 87-6 0-0 5-0 21-6 83-6 1-8 Obaervation
58 Adrenal

adenomna 42-5 36-0 40-9 38-6 3-8 0-0 Adrenalectomy 6-1 6-1 4-5 4-4 26-0 27-8 --
59 Carcinoma Bilateral

of thymus 78-0 55-3 43-0 42-4 45-0 23-6 adrenalectomy . . . . . . . . . ..- -Died
60 ,2, 63-0 74-3 60-0 - 4-8 - Diedunterated
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Cushing's Syndrome. After Treatment

The two patients with Cushing's syndrome due to non-
endocrine tumours died. The remaining patients were reinves-
tigated after initial treatment (Table III), and so was a further
patient not initially studied (Case 54). Unilateral adrenal-
ectomy had little effect on either the resting or the post-
suppression levels in four cases (Table III, Cases 51, 52, 53,
and 56). Suppression was more pronounced after 8- mg. of
dexamethasone but was usually of short duration. All four
were referred for further surgery.

After unilateral adrenalectomy two patients (Cases 54 and 55)
had resting levels within normal limits but still had loss of the
normal diurnal variation. However, normal suppression after
2 mg. occurred in Case 55, and partial suppression of short
duration followed suppressive doses of 2 mg. and 8 mg. in
Case 54; partial suppression was also noted in the patient who
underwent deep x-ray therapy to the pituitary (Case 57). The
good clinical response after removal of an adrenal adenoma in
Case 58 was reflected in the normal resting and post-suppression
levels.

Discussion

Most laboratory tests for adrenocortical overactivity have
disadvantages. Urinary 1 7-hydroxycorticosteroid excretion
relates poorly to the cortisol secretion rate (Cope and Black,
1959) and normal levels do not exclude Cushing's syndrome,
as in two of our patients. Conversely, raised levels may be
found in patients who do not have Cushing's syndrome, as in
nine of our obese subjects and eight of our miscellaneous group.
Urinary dexamethasone suppression tests are cumbersome and
can be carried out properly only in hospital. The determination
of cortisol secretion rate and urinary secretion of free cortisol
(Brooks et al., 1963) is outside the scope of most laboratories.
The cortisol secretion rate is usually raised in Cushing's

syndrome, and this is reflected by the plasma cortisol levels.
Though the morning level may fall within normal limits
(Dyrenfurth et al., 1960) the normal diurnal is absent (Eik-Nes
et al., 1955) and the evening level is persistently raised. Our
results in the nine cases of Cushing's syndrome are in agree-
ment with these findings. The dexamethasone test described
here seems to add to the reliability of random cortisol assays.
Of the three suppressive doses of dexamethasone we have

studied 2 mg. appeared to be the lowest effective dose. This
is equivalent to the total daily dose of Liddle's low-dosage
regimen. Supplementary studies with an 8-mg. dose were
equivalent to Liddle's high-dosage regimen. The morning
plasma cortisol levels before and after dexamethasone were
found to give the most reliable information regarding the ability
to suppress adrenocortical hormone release. In expressing the
results of dexamethasone suppression we have followed the
practice of other workers (Liddle, 1960; James et al., 1965;
Nugent et al., 1965) in quoting absolute values and percentage
suppression. By expressing the post-suppression values as a
percentage it is sometimes easier to define the response as
normal or abnormal. The high post-suppression level of 8.5
ug./100 ml. in a stressed patient with rheumatoid arthritis was
above our expected value but 70% below her corresponding
resting level.

Nugent et al. (1965) carried out similar studies using 1 mg.
of dexamethasone. The results in the two series are similar.
They found a wide range of early morning cortisol levels in
resting normal subjects, with post-suppression values below
11 tig./100 ml.; in their experience patients with Cushing's
syndrome failed to suppress below 20 fug./100 ml. whereas
acutely ill patients or women on oestrogen therapy tended to
show high levels after dexamethasone. Using 2 mg. of dexa-
methasone, we have produced greater suppression of plasma
cortisol levels in these two latter groups. In our two subjects
found to have high resting levels while taking contraceptive
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pills suppression to near normal levels (5.1 and 5.6 ,pg./100 ml.)
was produced by 2 mg. of dexamethasone.

Adrenal function in obesity appeared to be normal. In this
we agree with Poisnick and DiRaimondo (1956). High urinary
17-hydroxycorticosteroid excretion in such cases may perhaps
reflect the increased body mass, but this is not certain. Our
results suggest that urinary studies should no longer be relied
on for this type of diagnostic problem.

In our miscellaneous group two patients whose resting plasma
cortisol levels were in the normal range showed a degree of
suppression after dexamethasone that was slightly less than
that found in our normal subjects. One had a pituitary
tumour; the other suffered from virilism. It remains to be
seen whether a 60% suppression should be regarded as the
lower end of the normal range or as an abnormality consistent
with pituitary or adrenal disorders other than Cushing's syn-
drome itself.

Failure to suppress adrenal hyperfunction with exogenous
corticosteroids, given as a single midnight dose of dexametha-
sone, occurred in every case of Cushing's syndrome investi-
gated. In three cases even 8 mg. of dexamethasone failed to
induce the normal type of suppression of adrenal function.
The test described was also found to be useful in assessing the
results of treatment of cases of Cushing's syndrome, especially
those with adrenal hyperplasia. Failure to produce any signi-
ficant suppression after unilateral adrenalectomy correlated well
with a poor clinical response and would appear to be a good
indication for further treatment. A mere marked but incom-
plete pattern of suppression was noted in patients with a
moderate clinical response. Only one patient had normal sup-
pression after unilateral adrenalectomy. Deep x-ray therapy to
the pituitary in one patient with adrenal hyperplasia produced
an intermediate type of response.
Though the number of cases of proved Cushing's syndrome

is small, the results of the investigations in this group show
no overlap with those of any other group. Follow-up studies
of the patients in the obese and miscellaneous groups who were
referred for investigation to exclude Cushing's syndrome have
not so far suggested that any early cases of Cushing's syndrome
have been missed. The mildest case of proved Cushing's syn-
drome we have so far studied had a normal resting level in the
morning with a raised mid-evening level and failed completely
to suppress after dexamethasone.

Summary
On the morning after a 2-mg. dose of dexamethasone, given

between 11.30 p.m. and midnight, there was a marked fall in
the plasma cortisol level (to <6.5 pg./100 ml.) in 16 healthy
volunteers and in 17 obese subjects. In all subjects in these
two groups a fall of at least 70% was recorded.

Fifteen patients with miscellaneous disorders had levels
below 8.6 ,ug./l100 ml. after dexamethasone. Two, diagnosed
respectively as having virilism and a pituitary tumour, showed
falls of 60.4% after dexamethasone. The remainder all had
falls of 65% or more.

The fall in nine cases of Cushing's syndrome was 45% in
one case, 32.6 and 30.6% in two cases, and less than 10%
in six cases; the lowest post-suppression cortisol level being
13.0 jig./100 ml.
As a test for Cushing's syndrome, this variant of the dexa-

methasone suppression test appears to be simple and reliable.
The test is also of value in assessing the response to treatment
of patients with this condition.

We wish to thank Dr. P. M. F. Bishop for his advice and
encouragement as well as permission to study patients under his
care; Dr. K. S. MacLean and Mr. F. N. Glover for permission to
study patients admitted under their care; and Dr. T. 0. Binns, of
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Ciba Laboratories, for supplies of Synacthen. We are particularly
grateful to Dr. V. H. T. James, of St. Mary's Hospital, for all his
help and advice. One of us (C. L.) was supported by a grant from
the Guy's Hospital Endowment Fund and we are grateful for this
assistance.
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Medical Memoranda

Intracranial Hypertension in a Child
during Treatment with Nalidixic Acid

Brit. med. J., 1967, 2, 744-745

A case of bulging fontanelle, papilloedema, widening of skull
sutures, and vomiting in a 6-month-old boy after nalidixic acid
therapy is described. The symptoms occurred on two different
occasions when he was treated with the drug for a urinary tract
infection, and subsided rapidly when the medication was dis-
continued. The suspicion of a connexion between the nalidixic
acid and the increased intracranial pressure was confirmed when,
on a third occasion, the same symptoms could be provoked after
administration of the drug under carefully controlled condi-
tions.

CASE HISTORY

Episode I (Fig. 1).-A previously healthy 6-month-old boy
weighing 6,480 g. was treated at another hospital with nalidixic

acid (100 mg. orally four times daily) for a urinary tract infection.
On the third day of treatment he vomited, and on the fourth day
was found to have a bulging anterior fontanelle. There was a
slight papilloedema on the right side. No explanation for this
increase in intracranial pressure was found and he was admitted to
this hospital, where x-ray examination of the skull showed sutures
wider than normal. Electroencephalography, ecoencephalography,
pneumoencephalography, and blood pressure were normal and he
was afebrile. High pressure in the subarachnoidal space was found
on bilateral exploration (operation 1). The fontanelle was normal
after the operation.

Episode 2 (Fig. 1).-Two weeks after the first symptoms the
patient was discharged to the other hospital, where treatment of
the urinary infection was resumed with nalidixic acid in the same
dose as before. On the evening of the first day bulging over the
trephine hole on the left side was noted. On the second day a
bulging fontanelle appeared and he was readmitted to this hospital.
There was a slight papilloedema on the right side. The general
condition of the boy was quite good. A puncture was made through
the trephine hole (operation 2), but the bulging reappeared rapidly.
The cerebrospinal fluid was sterile. Nalidixic acid was now
suspected to be the cause of the symptoms and was discontinued.
Next day the bulging over the trephine hole and over the fontanelle
had disappeared. Two weeks later the eye-grounds were normal.
Urological examination showed a hydronephrosis and a stenosis of
the ureter on the left side. Non-protein nitrogen and creatinine
clearance were normal. Urological surgery was postponed until the
cerebral symptoms could be explained.

Episode 3 (Fig. 2).-Three weeks after the end of episode 2 the
boy was again admitted to this hospital. He was then 8 months
old, weighed 8,195 g., and was in excellent condition. The
fontanelle, eye-grounds, and physical and neurological examinations
were all normal and no bacteria were present in the urine. Nalidixic

acid was again given and the plasma levels of total free extractable
drug were determined by spectrophotofluorometric assay according
to McChesney et al. (1964). The analyses were kindly run by
Mr. A. Robertson, of Winthrop Laboratories, Newcastle upon Tyne.
The fontanelle was checked at short intervals. Signs of increased
intracranial pressure occurred soon after the onset of medication.
The patient vomited twice within the first 24 hours. A tense
fontanelle was noted after about 36 hours and was definitely bulging
and pulsating after 48 hours. A slight papilloedema on the right
side developed at about the same rate. The medication was imme-
diately discontinued. One day later the fontanelle was normal.

EPISODE I EPIS2DEZ EPISODE 3
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FIG. 1.-Episodes 1 and 2. Intracranial hypertension during treatment of a urinary infection wsith nalidixic &u~J.
FIG. 2.-Episode 3. The same symptoms as in episodes 1 and 2 could be provoked with nalidixic acid ,nlder

controlled conditions and in absewe of urinary tract infcction.

 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.2.5554.740 on 17 June 1967. D
ow

nloaded from
 

http://www.bmj.com/

