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ABSTRACT
To assess the ability of desmopressin to differentiate between pi-

tuitary and ectopic ACTH-dependent Cushing’s syndrome and to de-
termine whether diagnostic accuracy could be improved by adminis-
tering it together with human sequence CRH, we examined its effects
on cortisol and ACTH secretion when given alone or in combination
with CRH in patients with Cushing’s syndrome of varied etiology and
compared these data to the results of a standard CRH test in the same
individuals.

Each patient was studied on three occasions, in random order,
separated by at least 48 h. At 0900 h, via an indwelling forearm
cannula, 10mg desmopressin, 100mgCRH, or a combination of the two
were given as an iv bolus; thereafter, blood was drawn every 15 min
for 2 h. The responses to the individual agents were determined
according to the timing and calculation criteria suggested by Nieman
et al. (1993). A total of 25 patients with Cushing’s syndrome were
studied: 17 patients with pituitary-dependent Cushing’s syndrome,
Cushing’s disease (CD); 5 patients with occult ectopic ACTH secretion
(EC); and 3 patients with primary adrenal (ACTH-independent)
Cushing’s syndrome.

In this series, the best discrimination among ACTH-dependent

patient groups was achieved using the combined test. Using the re-
sponses of plasma cortisol, all 17 patients with CD showed a rise
greater than any of the 5 patients with EC, whereas 1 patient with
CD showed a plasma ACTH response within the range seen in the
patients with EC. Plasma cortisol responses to desmopressin alone
were seen in 14 of 17 patients with CD and 1 of 5 patients with EC
and, after CRH alone, in 15 of 17 patients with CD but in no patient
with EC. In contrast, plasma ACTH responses after CRH alone were
seen in 14 of 17 patientswithCDand 2 of 5 patientswithECand, after
desmopressin alone, in 12 of 17 with CD and 3 of 5 with EC, thus
indicating overlapping responses between the groups and poorer dis-
crimination. No responses were seen in the ACTH-independent
group.

These data indicate that desmopressin causes the secretion of
ACTH and cortisol in patients with ACTH-dependent Cushing’s syn-
drome, and that in combination with CRH, it may provide an im-
provement over the standard CRH test in the differential diagnosis
of ACTH-dependent Cushing’s syndrome. Furthermore, these data
suggest that theremay be abnormalities in vasopressin receptor func-
tion or number in ACTH-secreting tumors. (J Clin Endocrinol Metab
82: 176–181, 1997)

CRH IS A POTENT stimulus for the secretion of ACTH
in man (1, 2) and is used in the CRH test, which has

been extensively validated in the investigation and differ-
entiation of the causes of Cushing’s syndrome (3–5). CRH
causes a significant rise in plasma ACTH and cortisol in the
majority of patientswith pituitary-dependent Cushing’s syn-
drome, Cushing’s disease (CD),whereas such effects are seen
only rarely in patientswith the ectopicACTH syndrome (EC)
(6–8). For many years it has been known that vasopressin
also stimulates ACTH release and, in particular, that it po-
tentiates the ACTH-releasing effects of CRH (9). These ac-
tions are thought to occur via the specific corticotroph va-
sopressin receptor, the V3 or V1b receptor, which has recently
been cloned (10, 11). Lysine vasopressin and arginine vaso-
pressin have been shown to haveACTH-releasing properties
similar to those of CRH when administered to patients with
Cushing’s syndrome (12), although CRH appears to better

discriminate between ectopic ACTH and pituitary disease
(13). Furthermore, side-effects consisting of abdominal pain,
nausea, and flushing have precluded the routine clinical use
of vasopressin for diagnostic testing, although it has been
suggested that it may be better tolerated when used as a low
dose infusion in combination with CRH (14).
Desmopressin, a long acting analog of vasopressin (15),

has relative specificity for the renal V2 receptor, with little
V1-mediated pressor activity (16). Although its specific V1b

receptor activity is uncertain, it has been shown previously
to have no intrinsic in vivo ACTH-releasing characteristics
when given as an infusion in man (17). Desmopressin has,
however, been shown to cause a significant release of cortisol
and ACTH in the majority of patients with CD when given
as bolus, but not in one patient with EC, and it has, therefore,
been suggested that it may be used to aid the differential
diagnosis of the causes of ACTH-dependent Cushing’s syn-
drome (18). However, previous studies have not explored
whether the combination test of desmopressin and CRH
would be better than either peptide alone in the differential
diagnosis.
The present study, therefore, was designed to assess the

effects of desmopressin on the release of ACTH and cortisol
when given as an iv bolus dose, alone or in combinationwith
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CRH, to patients with Cushing’s syndrome and thus to com-
pare the clinical utility of desmopressin and CRH as diag-
nostic tests. Human sequence CRH was used instead of the
ovine sequence (19), as it is currently more widely available
internationally.

Subjects and Methods

A total of 25 consecutive patients were studied on 3 occasions sep-
arated by at least 48 h: 17 patients with pituitary-dependent Cushing’s
syndrome (CD; mean age, 42 yr; range, 11–73 yr), 5 patients with EC (3
women, 33, 34, and 39 yr old, with bronchial carcinoid tumors; a male,
34 yr old, with a medullary cell carcinoma of the thyroid; and a male,
62 yr old, with a disseminated carcinoid syndrome; all were occult
insofar as no tumor was apparent clinically or on simple radiographic
investigation), 1 female patient with a functioning adrenocortical car-
cinoma (65 yr old), 1 womanwith a functioning adrenocortical adenoma
(61 yr old), and 1 male patient (51 yr old) with ACTH-independent
massive macronodular hyperplasia. The cause of Cushing’s syndrome
was verified histologically after surgery in 24 of the 25 patients. In the
remaining patient, all clinical features and biochemical evaluations,
including the high dose dexamethasone test (8 mg/day for 48 h) and
CRH-stimulated inferior-petrosal catheter studies, were completely con-
sistent with CD, but he did not undergo transsphenoidal hypophysec-
tomy. No patient was receiving any drug known to affect the hypo-
thalamo-pituitary-adrenal axis. All patients gave written informed
consent to the investigation, which was approved by the ethical com-
mittee of St. Bartholomew’s Hospital.

After an overnight fast, an in-dwelling forearm cannula was inserted
at 0830 h; the subject remained supine for the remainder of that day’s
study. At 0900 h (0 min), 10 mg desmopressin (DDAVP, Ferring, Malmo,
Sweden) and saline placebo for CRH, 100 mg human sequence CRH
(Ferring, Malmo, Sweden) and saline placebo for desmopressin, or a
combination of these peptides were injected sequentially over periods
of 15 s each. Bloodwas taken for estimation of plasmaACTHand cortisol
at 215, 0, 15, 30, 45, 60, 90, and 120 min. Blood pressure and pulse rate
were recorded by automated means (Dinamapp, Tampa, FL) at each
sampling point. After testing, each subject was advised to restrict fluid
intake to 2 L for the remainder of the day. The order of all investigations
was randomized and run in a single blind manner.

Calculation of response criteria

Following the suggested criteria of Nieman et al. (20) using the ovine
CRH test, we calculated in each patient group the percent rise in the
mean circulating plasma ACTH values at 15 and 30 min and circulating
plasma cortisol values at 30 and 45 min above the mean basal values at
215 and 0 min, after the administration of human CRH, desmopressin,
or a combination of the two. The response criteria documented by
Nieman et al. (20) that best discriminated Cushing’s disease from the
ectopic ACTH syndrome were a 20% rise in circulating plasma cortisol
and a 35% rise in circulating plasma ACTH; these criteria were assessed
in this study.

Assays

Plasma cortisol was measured by an in-house unextracted nonchro-
matographic RIA; the coefficient of variation at 100 and 1000 nmol/L
was 6% (21). PlasmaACTHwasmeasured by our routine in-houseVycor
(Societe-A.T.A. Geneva, Switzerland) glass-extracted RIA originally
developed in 1971, which has subsequently been validated using a range
of chromatographic procedures in human studies (22).

Results
Plasma cortisol responses (Table 1 and Fig. 1)

Differential effects of CRH or desmopressin given alone.Using the
response criterion of at least a 20% rise in the circulating
plasma cortisol level, calculated from the ratio of the mean
values at 30 and 45 min over the mean basal value (21), 15

of 17 patients with CD responded positively to CRH, but no
responses were seen in the patients with EC. Using the same
response criterion, 14 of 17 patients with CD responded to
desmopressin, as did patient 21 with an ACTH-secreting
medullary carcinoma of the thyroid. Patients 1, 2, 5, and 17
with CD showed discordant responses to CRH and desmo-
pressin; patients 1 and 17 responded only to desmopressin,
whereas patients 2 and 5 responded only to CRH (Table 1).
No responses to either treatment were seen in the patients
with ACTH-independent Cushing’s syndrome.

Differential responses to CRH and desmopressin in combination.
Calculating the response of plasma cortisol to the injection of
CRH plus desmopressin from the same time points, every
patient with CD showed a response higher than that of any
of the patients with EC. The lowest response in any patient
with CD was 38%, whereas the highest response in the EC
groupwas 29%. Thus, discrimination (based upon the degree
of increase) between groups was seen using this test alone.

Plasma ACTH responses (Table 2 and Fig. 2)

Differential effects of CRH and desmopressin given alone. Using
the response criterion of at least a 35% rise in plasma ACTH
calculated from the ratio of the mean of the values at 15 and
30 min over the mean basal level (21), 14 of 17 patients with
CD and 2 of 5 patients with EC (patients 18 and 22) re-
sponded to CRH alone. After the administration of desmo-
pressin alone, 12 of 17 patients with CD and 3 patients with
EC showed such a response (patients 19, 20, and 21). After
CRH alone, 6 patients, and after desmopressin alone, 9 pa-
tients with CD respondedwithin the range of responses seen
in the patients with EC. Patients 1, 2, 5, and 17 had the same
discordant responses to CRH and desmopressin using
ACTH response criteria as they demonstrated using cortisol
criteria (see above). Patient 4 showed a cortisol, but appar-
ently not an ACTH, response to CRH. ACTH remained un-
detectable in all 3 patients with primary adrenal disease.

Differential effects of the combination of CRH and desmopressin.
Using the same time points to calculate a response after
desmopressin and CRHwere given together, the EC group’s
responseswere between 138–306%,whereas the responses in
the CD group ranged from 350-4319%, except in patient 17,
who demonstrated a 71% rise.

Side-effects

After the administration of either peptide, adverse effects
were limited to a short-lived flushing sensation (1–15 min),
which was similar in nature to that after the combination
treatment, but slightly longer in duration (2–20 min). After
the combination treatment, three patients experienced a
slightmetallic taste in their throats, lasting 2–5min. In no case
was there evidence of water overload. There was no signif-
icant change in blood pressure in any patient; two patients
experienced a transient (,5 min) sinus tachycardia after the
combination treatment (maximum heart rates, 113 and 100
beats/min), with no symptomatic palpitations, chest pain, or
fall in blood pressure.
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Discussion

Our data suggest that desmopressin causes ACTH and
cortisol secretion when given on its own to patients with
ACTH-dependent Cushing’s syndrome. As a test, however,
when given alone it did not reliably distinguish between
Cushing’s disease and the ectopic ACTH syndrome. In this
and another series, CRH has a high discriminatory power
when given alone, but absolute discrimination between
groups is not achieved with the human sequence peptide;
indeed, utilization of the ACTH responses resulted in an
unacceptably low degree of specificity. When desmopressin
is given in combination with CRH, we found that enhanced
discrimination may be made between the ACTH-dependent
groups, as a greater response is seen in patients with CD than
in those with EC. After the combination treatment, a rise of
over 38%, calculated from the average of the 30 and 45 min
plasma cortisol samples, over the basal levels at 215 and 0
min was seen in all patients with CD, whereas in all five
patients with EC it was less than this, with the highest rise
in plasma cortisol being 29%. Interestingly, the plasma
ACTHresponses provided less discrimination, as one patient
with pituitary disease demonstrated a rise within the range
seen in the patients with EC. Furthermore, the test was well
tolerated, with minimal symptomatic and no adverse effects,

in a wide age range of patients. Asymptomatic sinus tachy-
cardia of short duration was observed, but did not cause any
cardiovascular compromise in any patient.
Vasopressin has a well documented synergistic effect with

CRH for ACTH release (9, 23, 24). Desmopressin has similar
ACTH-releasing effects in rats in vitro (25), and this effect is
not reversed by V2 receptor antagonists (26). Previous data
in normal volunteers have not demonstrated either direct or
potentiating effects of desmopressin for ACTH release when
coadministered with CRH (17). Desmopressin is said to be a
specific V2 receptor agonist, and this may explain the lack of
response of ACTH secretion in the normal volunteers. Des-
mopressin does, however, as shown in this study and pre-
viously (18), cause significant release of ACTH and cortisol
in ACTH-dependent Cushing’s syndrome. Glucocorticoids
have recently been shown to up-regulate the expression of
the V1b receptor in normal rat anterior pituitary glands and
rescue the down-regulation seen after adrenalectomy, with
similar effects reported in the vasopressin-deficient Brattle-
boro rat (27); thus, such up-regulation may be caused by
hypercortisolemia rather than changes in vasopressin levels
(27). Furthermore, the majority of human corticotroph ade-
nomas and some ACTH-secreting bronchial carcinoids have
been demonstrated to express high levels of the V1b receptor;

TABLE 1. Plasma cortisol responses in 17 patients with Cushing’s disease (CD), 5 patients with the ectopic ACTH syndrome, and three
patients with primary adrenal Cushing’s syndrome

Patient Age (yr)

CRH (100 mg, iv) treatment: Plasma
cortisol (nmol/L)

Desmopressin (10 mg, iv): Plasma cortisol
(nmol/L)

CRH (100 mg, iv) and desmopressin
(10 mg, iv): Plasma cortisol (nmol/L)

Basal B Mean at
30–45 min

% Rise: B to
mean of

30–45 min

Basal B Mean at
30–45 min

% Rise: B to
mean of

30–45 min

Basal B Mean at
30–45 min

% Rise: B to
mean of

30–45 min

CD
1 73F 1163 1191 2 1169 1792 53 1367 1891 38
2 61M 994 1297 31 807 696 214 584 929 59
3 38F 453 729 61 411 679 65 485 817 69
4 28F 531 661 24 438 878 100 504 1006 100
5 48F 558 757 36 716 718 0.2 605 959 59
6 25F 371 688 85 479 785 64 452 880 95
7 40F 434 571 32 379 520 37 338 571 69
8 33F 450 679 51 464 906 95 334 813 143
9 52F 229 855 274 398 984 147 281 830 196
10 39F 418 820 96 456 772 64 569 1110 95
11 32M 675 994 47 885 1094 24 391 983 152
12 53F 517 1009 95 535 1431 168 541 1145 112
13 11M 297 843 183 307 700 128 332 962 190
14 14F 624 787 26 335 949 184 328 770 135
15 46F 602 1032 72 517 580 12 511 993 94
16 62F 530 904 71 788 1357 72 531 1103 108
17 61F 673 796 18 764 943 23 569 828 45

Mean 6 SEM 560 6 58 859 6 48 71 6 17 579 6 60 928 6 89 72 6 15 513 6 61 976 6 69 103 6 12
Ectopic ACTH
18 33F 569 672 18 778 784 0.7 598 769 29
19 39F 1319 1400 6 817 903 11 652 839 29
20 49F 1598 1689 6 1271 1507 19 1256 1520 21
21 34M 654 726 11 1373 1696 23 1256 1476 17
22 62M 1690 1811 7 ND ND ND 1484 1892 28

Mean 6 SEM 1166 6 263 1259 6 267 10 6 3 1060 6 177 1222 6 258 13 6 6 1049 6 199 1299 6 240 25 6 3
Primary adrenal Cushing’s
23 65F 525 546 4 485 486 0.3 604 784 30
24 51M 489 486 20.7 467 421 210 ND ND ND
25 61F 778 688 212 439 579 7 564 553 22.0

Mean 6 SEM 597 6 112 573 6 73 23 6 26 497 6 27 495 6 56 0.7 6 6 584 6 30 668 6 163 14 6 23

ND, Not determined.
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in contrast, the CRH receptor is expressed in corticotroph
adenomas, but far less commonly in bronchial carcinoid tu-
mors (28, 29). Taken together, these studies suggest that the
effect of desmopressin in these tumors may be mediated by
up-regulation of the V1b receptor in neuroendocrine tissue,
which, in turn, may reflect prevailing hypercortisolemia. It
seems probable that desmopressin may show cross-affinity
with the V1b receptor when it is present in high concentra-

tions, although it is also possible that up-regulation or ab-
errant expression of the V2 receptor in ACTH-secreting cells
may occur. Further, it is possible that the differentiating
ability of the combined test may relate to a greater increase
in the co-overexpression of the CRH and V1b receptors in
many of the corticotroph adenomas than in ectopic tumors
secreting ACTH and the higher response seen in CD.
A previous report has suggested that desmopressin is a

FIG. 1. Percent change in plasma cor-
tisol (mean of 30 and 45 min values vs.
mean basal values at215 and 0 min) in
17 patients with CD, 5 patients with
EC, and 3 patients with an primary ad-
renal Cushing’s syndrome after the ad-
ministration of 1) desmopressin (10 mg,
iv), 2) human sequence CRH (100 mg,
iv), or 3) CRH (100 mg, iv) plus desmo-
pressin (10 mg, iv; dashed line repre-
sents 20% for the CRH alone and des-
mopressin alone tests and 38% for the
CRH plus desmopressin test).

TABLE 2. Plasma ACTH responses in 17 patients with Cushing’s disease (CD) and 5 patients with the ectopic ACTH syndrome

Patient Age
(yr)

CRH (100 mg, iv): Plasma ACTH (pg/mL) Desmopressin (10 mg, iv): Plasma
ACTH (pg/mL)

CRH (100 mg, iv) and desmopressin
(10 mg, iv): Plasma ACTH (pg/mL)

Basal B Mean at
15–30 min

% Rise: B to
mean of
15–30 min

Basal B Mean at
15–30 min

% Rise: B to
mean of
15–30 min

Basal B Mean at
15–30 min

% Rise: B
to mean of
15–30 min

CD
1 73F 45 55 21 40 769 1846 54 2660 4319
2 61M 77 286 271 36 32 211 37 167 350
3 38F 29 227 681 27 97 257 43 429 897
4 28F 25 28 14 10 33 225 10 100 900
5 48F 18 28 53 19 20 3 17 79 376
6 25F 12 24 109 10 22 120 16 115 642
7 F 43 111 160 36 88 146 40 238 495
8 33F 13 41 215 17 66 285 13 138 958
9 52F 10 66 555 15 34 134 12 123 921
10 39F 21 190 824 24 97 311 12 135 1074
11 32M 143 226 59 302 363 20 66 870 1228
12 53F 17 69 318 16 182 1038 20 231 1085
13 11M 16 91 469 18 37 103 13 109 772
14 14F 16 13 222 12 102 787 15 105 621
15 46F 61 314 414 43 46 6 39 303 687
16 62F 15 111 666 22 141 541 19 270 1318
17 61F 47 65 37 49 53 8 50 85 71

Mean 6 SEM 36 6 8 114 6 24 285 6 68 41 6 17 128 6 46 342 6 121 28 6 4 345 6 139 983 6 230
Ectopic ACTH
18 33F 23 37 61 72 95 32 36 146 305
19 39F 96 126 31 64 90 41 73 173 138
20 49F 119 142 19 80 143 78 56 125 125
21 34M 29 33 14 27 80 194 29 113 295
22 62M 81 154 90 ND ND ND 72 206 188

Mean 6 SEM 69 6 11 98 6 15 43 6 8 61 6 6 102 6 7 86 6 19 53 6 5 152 6 9 210 6 21

ND, Not determined.
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readily available and cost-effective alternative to CRH in the
investigation of Cushing’s syndrome (18). Certainly, in this
study it seems to have a similar, but inferior, ability to dif-
ferentiate between CD and ECwhen analyzing either plasma
ACTH or cortisol responses. Clearly, three of our five pa-
tients with EC responded to desmopressin given alone.
In conclusion, desmopressin given alone appears to cause

the release of ACTH and cortisol in ACTH-dependent Cush-
ing’s syndrome. Such effects of desmopressin suggest ab-
normalities in receptor number or function in these neuroen-
docrine ACTH-secreting tumors that merit further study. As
a diagnostic test, human sequence CRH alone appears to be
better than desmopressin alone in discriminating between
ACTH-dependent groups, whereas the combination of the
two appears to produce better results than either alone. Oc-
cult ectopic ACTH-secreting tumors can be extremely small
and may offer a considerable diagnostic challenge, behaving
in many ways similarly to eutopic corticotroph tumors (30).
Thus, the combined test may be of considerable diagnostic
utility. This is, however, a relatively small series of patients,
and the percent rise criterion that distinguishes pituitary
from ectopic ACTH productionmay need alteration with the
benefit of further experience. Although we do not suggest
that this combination test replace the standard CRH test, it
seems probable that testing with these agents in addition to
conventional testing with the high dose dexamethasone sup-
pression test or inferior petrosal catheter studies may be of
considerable clinical benefit.
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Erratum

In the Editorial “Tibolone as an Alternative to Estrogen for the Prevention of Postmenopausal Osteoporosis
in Selected Postmenopausal Women,” by B. Lawrence Riggs, MD, (Journal of Clinical Endocrinology and
Metabolism, 81: 2417–2418, 1996), the footnote at the bottom of page 2417 gave the wrong information for
corresponding with the author.

To correspondwith the author and to request reprints, please contact: B. Lawrence Riggs,MD, Distinguished
Investigator, Purvis and Roberta Tabor Professor ofMedical Research,MayoMedical School, 200 First Street,
SW, Rochester, Minnesota 55905.

The printer regrets this error.
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