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RESPONSE OF PLASMATIC ACTH TO CRH OR COMBINED

CRH/DESMOPRESSIN STIMULATION IN PATIENTS WITH ACTH-

DEPENDENT CUSHING’S SYNDROME SUBMITTED TO

SIMULTANEOUS BILATERAL PETROSAL SINUSES SAMPLING*

Daniella Maria Carneiro do Rêgo1, Francisco Bandeira2, Carlos Abath3, Gustavo Andrade4,

Hildo Azevedo5

OBJECTIVE: To compare the responses of plasmatic ACTH to CRH or combined CRH/desmopressin stimu-
lation in patients with ACTH-dependent Cushing’s syndrome submitted to simultaneous, bilateral inferior
petrosal sinuses sampling. MATERIALS AND METHODS: The procedure was performed in 21 patients — 14
women and 7 men — diagnosed with ACTH-dependent Cushing’s syndrome in the period between January
1998 and December 2003. Upon catheterization of both inferior petrosal sinuses, blood samples for ACTH
test were simultaneously collected from the petrosal sinuses and peripheral vein, both in the basal state and
three to five minutes after injection of human CRH (100 µµµµµg) (six patients), or combined CRH/desmopressin
(100 µµµµµg + 10 µµµµµg) (15 patients). RESULTS: After three minutes, both groups presented increased ACTH
levels: CRH (257.77 ± 240.36 in the right petrosal sinus, and 718.78 ± 1358.82 in the left petrosal sinus
[mean ± standard error]); combined CRH/desmopressin (1263.35 ± 1842.91 in the right petrosal sinus [p
= 0.06], and 583.93 ± 1020.03 in the left petrosal sinus [p = 0.83]). After five minutes, the ACTH levels
decreased in the group with CRH (181.07 ± 217.39 in the right petrosal sinus, and 188.25 ± 270.15 in
the left petrosal sinus), and presented a progressive increase in the group with combined CRH/desmopressin
(1365.29 ± 1832.31 in the right petrosal sinus [p = 0.03], and 866.43 ± 1431.72 in the left petrosal
sinus [p = 0.11]). Gradient was absent in the three patients with ectopic secretion. CONCLUSION: Com-
bined CRH/desmopressin stimulation induced a higher production of ACTH in cases of corticotroph adenomas
as compared with CRH stimulation, which can improve the diagnostic sensibility of this procedure.
Keywords: Cushing’s syndrome; CRH; Desmopressin; Petrosal sinus sampling.

Resposta do ACTH plasmático ao estímulo com CRH ou CRH + desmopressina em pacientes com síndrome

de Cushing ACTH-dependente submetidos a cateterismo bilateral simultâneo dos seios petrosos inferiores.

OBJETIVO: Comparar a resposta do ACTH plasmático após estímulo com CRH ou CRH + desmopressina
em pacientes com síndrome de Cushing ACTH-dependente que realizaram cateterismo bilateral simultâneo
dos seios petrosos inferiores. MATERIAIS E MÉTODOS: O procedimento foi realizado em 21 pacientes — 14
mulheres e 7 homens — com síndrome de Cushing ACTH-dependente no período de janeiro de 1998 a de-
zembro de 2003. Após a cateterização de ambos os seios petrosos, amostras de sangue para ACTH foram
colhidas, simultaneamente, nos seios petrosos e veia periférica, tanto no estado basal como após três e
cinco minutos da administração de CRH humano (100 µµµµµg) (6 pacientes) ou CRH + desmopressina (100 µµµµµg
+ 10 µµµµµg) (15 pacientes). RESULTADOS: Aos três minutos, houve aumento percentual do ACTH tanto no
grupo CRH (257,77 ± 240,36 no seio petroso direito e 718,78 ± 1.358,82 no seio petroso esquerdo [média
± desvio-padrão]) como no grupo CRH + desmopressina (1.263,35 ± 1.842,91 no seio petroso direito [p
= 0,06] e 583,93 ± 1.020,03 no seio petroso esquerdo [p = 0,83]). Aos cinco minutos houve declínio
percentual do ACTH no grupo do CRH (181,07 ± 217,39 no seio petroso direito e 188,25 ± 270,15 no
seio petroso esquerdo) e aumento progressivo no grupo do CRH + desmopressina (1.365,29 ± 1.832,31
no seio petroso direito [p = 0,03] e 866,43 ± 1.431,72 no seio petroso esquerdo [p = 0,11]). Nos três
pacientes com secreção ectópica não houve gradiente. CONCLUSÃO: A estimulação combinada CRH + des-
mopressina induziu maior produção de ACTH em adenomas corticotróficos em comparação ao CRH, o que
pode melhorar a sensibilidade diagnóstica deste procedimento.
Unitermos: Síndrome de Cushing; CRH; Desmopressina; Amostragem do seio petroso.
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INTRODUCTION

Endogenous Cushing’s syndrome re-
sults from chronic, excessive exposure to
glucocorticoids produced by the adrenal
cortex. This disease may be caused by the
excessive secretion of ACTH (80% to
85%), usually by an ACTH-secreting corti-
cotrophic adenoma (Cushing’s syndrome)
and, less frequently, by an extrapituitary
tumor (ectopic ACTH syndrome), or, very
rarely, by a CRH-secreting tumor (ectopic
CRH syndrome). Cushing’s syndrome also
may be ACTH-independent (15% to 20%)
when resulting from excessive cortisol se-
cretion by benign or malignant unilateral
adrenocortical tumors or by bilateral adre-
nal hyperplasia(1,2).

Because of biochemical parameters and
non-specific clinical manifestations vari-
ability, the diagnosis represents a challenge
for clinicians(1,2).

Studies show that combined CRH/
desmopressin is more effective than isolate
CRH to increase ACTH levels in peripheral
venous samples of patients with Cushing’s
syndrome(1). However, scarce studies in the
literature report this comparison in patients
submitted to simultaneous and bilateral
catheterization of inferior petrosal si-
nuses(3).

A recent study has evaluated the effect
of separate desmopressin during catheter-
ization of petrosal sinuses(4), but reports on
combined CRH-desmopressin during this
procedure remain scarce(3).

The present study reports the results of
an experiment with combined CRH/des-
mopressin stimulation during simultaneous
and bilateral catheterization of inferior
petrosal sinuses in patients affected by
ACTH-dependent Cushing’s syndrome,
and a comparison of these results with
those obtained with patients who have re-
ceived stimulation only with CRH. So, the
magnitude of the increase in the plasmatic
ACTH level after pure CRH or combined
CRH/desmopressin stimulation during the
procedure could be determined.

Inferior petrosal sinuses blood sampling
is the test with highest sensitivity and speci-
ficity in the differential diagnosis of
ACTH-dependent Cushing’s syndrome.
However, this method requires the access
to the professional assistance of a special-

ist and a trained radiologist, and rarely may
result in complications such as stroke.

After catheterization of both petrosal
sinuses by the radiologist, blood samples
for ACTH are obtained in the basal state
and three to five minutes after intravenous
injection of human CRH (100 µg or 1µg/
kg), simultaneously in the petrosal sinuses
and peripheral vein. Digital subtraction
angiography must be utilized to define the
appropriate catheter positioning and the
petrosal sinuses anatomy.

An ACTH gradient between the inferior
petrosal sinuses and the peripheral vein >
2 in the basal state, and > 3 after CHR in-
jection is compatible with Cushing’s syn-
drome. A gradient > 1.4 between the pet-
rosal sinuses is suggestive of lateralization.

Inferior petrosal sinuses catheterization
performed in experienced medical centers
present a high sensitivity and specificity
(95% to 99%) for Cushing’s disease. How-
ever, technical aspects, as well as anoma-
lies in the venous drainage, may result in
false-negative results in patients whose
ACTH production is of hypophyseal
source(5).

MATERIALS AND METHODS

Patients

Simultaneous and bilateral inferior pet-
rosal sinuses catheterization was performed
in 21 patients – 14 women and seven men
with ACTH-dependent Cushing’s syn-
drome in the period from January 1998 to
December 2003. All of these patients were
clinically and biochemically hypercorti-
solemic at the moment of the procedure.

After catheterization of both petrosal
sinuses, blood samples for ACTH were si-
multaneously obtained from both petrosal
sinuses and peripheral vein, in the basal
state and following human CRH adminis-
tration (100 µg) (six patients), or combined
human CRH/desmopressin (100 µg + 10
µg) (15 patients). The procedure was per-
formed by an experienced interventional
radiologist.

The diagnosis of Cushing’s syndrome
was based on clinical findings and on the
demonstration of persistent and inappropri-
ately increased cortisol levels. Biochemi-
cal investigations included evaluation of
cortisol serum levels and midnight salivary

levels, and dexamethasone suppression
low dose tests for 48 hour. The method
adopted for evaluation of cortisol levels
was immunoradiometric assay with corti-
sol produced by Diagnostic Products Cor-
poration. The diagnosis of ACTH-depen-
dent Cushing’s syndrome was based on the
presence of serum ACTH levels above 20
pg/ml in patients with clinical and bio-
chemical hypercortisolism. The method
adopted for this evaluation was immuno-
radiometric assay with ACTH produced by
Diagnostic System Laboratories.

Eighteen patients were diagnosed with
Cushing’s syndrome and three with ectopic
ACTH syndrome.

Among the 18 patients with Cushing’s
syndrome, four utilized CRH (100 µg) and
14 utilized combined CRH/desmopressin
(100 µg + 10 µg) during simultaneous and
bilateral catheterization of inferior petrosal
sinuses. Among the three patients with ec-
topic AHCT syndrome, two utilized CRH,
and one utilized combined CRH/desmo-
pressin in the same doses.

All of the patients underwent cranial
magnetic resonance imaging.

Simultaneous and bilateral inferior
petrosal sinuses catheterization

The procedure is performed in a digital
angiography room, under anesthetic fol-
low-up. The patient is submitted to seda-
tion with mydazolam and fentanyl and topi-
cal anesthesia bilaterally in the inguinal
region. The right and left femoral veins are
punctured at the level of the inguinal fold,
for insertion of a sheath and a 5F catheter
on each side (each with about 1.7 mm in
diameter).

The left vertebral-type catheters are in-
serted with a fine guide wire (Roadrunner
0.35″), through the inferior, superior vena
cava, and through each (left and right) in-
ternal jugular vein, bilaterally reaching the
petrosal sinuses. Once the correct position-
ing of both catheters by means of injection
and filming is confirmed, basal 3.0 ml
blood samples are collected from both pet-
rosal sinuses and from the peripheral vein,
and duly identified.

Human CRH (100 µg) or combined
CRH/desmopressin (100 µg + 10 µg) is ad-
ministered through the peripheral venous
access; from the very moment where the
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chronometry is initiated, blood samples are
simultaneously collected from each cath-
eter and from the peripheral vein at three
and five minutes, each sample being iden-
tified with time and side. The catheter dead
space content is always discarded before
collection. Once this process is finished,
the catheters and respective introducer
sheaths are removed with 10-minute
manual compression for hemostasis of the
inguinal region.

The patients remain at rest during a
four-hour period.

This protocol was approved by the
Committee for Ethics in Research of the
Institution.

Statistical analysis

For data analysis, absolute distribution,
percentages and statistical measurements
were obtained (mean, standard deviation –
descriptive statistics measurements), and
the t-Student tests were utilized with equal
or unequal variances (according to the re-
sults of the evaluation or not of variance
equality hypotheses) and the exact Fisher
test. The analysis of variances equality was
performed by the F-test.

The significance level utilized in the
application of the statistical tests was 5%.
The software utilized for obtention of sta-
tistical calculations was the Statistical
Analyses System (SAS) version 8.0.

RESULTS

The patients’ ages ranged between 15
and 53 years (mean 34.94 years, standard
deviation 11.60) Among the 21 patients, 18
presented Cushing’s syndrome, and three
ectopic ACTH syndrome.

Five (27.8%) of the 18 patients with
Cushing’s syndrome were men, and 13
(72.2%) were women.

Amongst the three patients with ectopic
ACTH syndrome, none presented gradient
between the petrosal sinuses and peripheral
vein. The tumors responsible for this secre-
tion were: one bronchial carcinoid tumor,
a small neuroendocrine, pulmonary tumor,
with a positive immunohistochemical re-
sults for ACTH, and in one patient the
source of ACTH could not be identified.
After a 18-month follow-up, this patient’s
condition worsened, requiring a bilateral
adrenalectomy.

Table 1 demonstrates that the mean
ACTH basal value was higher in the group
wit CRH than in the group with combined
CRH/desmopressin. At three minutes the
mean ACTH values were higher in the
CRH group, and at five minutes, the mean
ACTH values were higher in the combined
CRH/desmopressin group. Statistically sig-
nificant differences were not found be-
tween the groups (p > 0.05).

Figure 1 demonstrates increase in
ACTH levels in blood samples collected
from the peripheral vein, and both inferior
petrosal sinuses of patients with Cushing’s
syndrome who received CRH. Figure 2
demonstrates increase in ACTH levels in
the same sites of patients who received
combined CRH/desmopressin.

Table 2 shows the percentage variations
in the plasmatic ACTH level increase be-
tween the three-minute and five-minute
periods in relation to the basal evaluation
according to site of measurement and
group. At three minutes, the mean percent
ACTH level variations in the peripheral
vein and in the right inferior petrosal sinus
were higher in the group with combined
CRH/desmopressin. In the left petrosal si-

Table 1 Plasmatic ACTH (pg/ml) both in the basal state and three to five minutes after injection of human CRH or combined CRH/desmopressin in patients

with Cushing’s syndrome.

Variável

PV

LIPS

RIPS

CRH

Mean

(± SD)

52.68

(± 41.34)

781.25

(± 1057.74)

342.00

(± 617.51)

Basal Three minutes Five minutes

CRH +

desmopressin

Mean

(± SD)

57.72

(± 51.56)

263.56

(± 279.02)

276.61

(± 434.88)

p-value

0.8603*

0.4014†

0.8110*

CRH

Mean

(± SD)

83.05

(± 53.54)

2626.25

(± 2625.72)

1143.55

(± 2104.57)

CRH +

desmopressin

Mean

(± SD)

96.01

(± 45.85)

1060.36

(± 1270.33)

1730.65

(± 2707.63)

p-value

0.6361*

0.1063*

0.6963*

CRH

Mean

(± SD)

84.03

(± 55.36)

1522.75

(± 1562.07)

699.65

(± 1251.04)

CRH +

desmopressin

Mean

(± SD)

132.15

(± 66.89)

1507.73

(± 2037.29)

2057.74

(± 3145.74)

p-value

0.2093*

0.9894*

0.4188*

* t-Student test with equal variables. † t-Student test with unequal variables.

PV, peripheral vein; LIPS, left inferior petrosal sinus; RIPS, right inferior petrosal sinus; SD, standard deviation.

Table 2 Plasmatic ACTH variation (%) in relation to the basal, post-stimulation with CRH or CRH/desmopressin in patients with Cushing’s syndrome.

Basal at three minutes Basal at five minutes

CRH

Mean (± SD)

133.64 (± 244.53)

718.78 (± 1358.82)

257.77 (± 240.36)

Variable

PV

LIPS

RIPS

CRH + desmopressin

Mean (± SD)

258.81 (± 430.50)

583.93 (± 1020.03)

1263.35 (± 1842.91)

p-value

0.5906*

0.8303*

0.0668†

CRH

Mean (± SD)

136.92 (± 251.03)

188.25 (± 270.15)

181.07 (± 217.39)

CRH + desmopressin

Mean (± SD)

418.80 (± 586.66)

866.43 (± 1431.72)

1365.29 (± 1832.31)

p-value

0.3707*

0.1149†

0.0331†,‡

* t-Student test with equal variables. † t-Student test with unequal variables. ‡ Statistically significant difference at 5.0%.

PV, peripheral vein; LIPS, left inferior petrosal sinus; RIPS, right inferior petrosal sinus; SD, standard deviation.
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Table 3 Evaluation of the plasmatic ACTH basal gradient by group (basal) and post-stimulation at five

minutes.

Basal gradient

> 2

< 2

Total

Gradient at three minutes

> 3

≤ 3

Total

Gradient at five minutes

> 3

≤ 3

Total

CRH CRH + desmopressin

n

3

1

4

4

–

4

3

1

4

%

75.0

25.0

100.0

100.0

–

100.0

75.0

25.0

100.0

 n

12

2

14

14

–

14

12

2

14

%

85.7

14.3

100.0

100.0

–

100.0

85.7

14.3

100.0

p-value

1.000*

†

1.000

* Exact Fisher test. † The test could not be applied, considering that one of the categories is null. n, number of

patients.

nus, was higher in the group with CRH. At
five minutes, the mean percentage ACTH
variation in the group with CRH was less
higher as compared with the three-minute
period, while in the group with combined
CRH/desmopressin was more higher.

Statistically significant differences were
found at five minutes in the group with
combined CRH/desmopressin (p < 0.05).

Figure 3 demonstrates percent increase
in ACTH levels in blood samples collected
from peripheral vein and both inferior pet-
rosal sinuses of patients with Cushing’s
syndrome who received CRH. Figure 4
demonstrates percent increase in ACTH
levels in the same sites of patients who re-
ceived combined CRH/desmopressin.

Table 3 shows the results considering
both inferior petrosal sinuses (right and
left) in the basal state and at three and five
minutes after stimulation, as follows:

– In the basal state, the rate of cases with
gradient > 2 was 75% in the group with
CRH, and 87% in the group with combined
CRH/desmopressin. There is no evidence
of a significant association between group
and gradient range.

– At three minutes, evaluating the both
inferior petrosal sinuses as a whole, one can
observe that all the patients who had re-
ceived CRH or combined CRH/desmo-
pressin presented a gradient > 3. The sta-
tistical significance could not be calculated
considering that one of the categories is
null.

– At five minutes, evaluating the both
inferior petrosal sinuses as a whole, the rate
of cases with a gradient > 3 was higher in
the group with combined CRH/desmo-
pressin as compared with the group with
CRH (85,7% versus 75%), with no statis-
tically significant difference between the
groups (p > 0,05).

Figure 1. Basal and post-CRH stimulation plasmatic ACTH levels (pg/ml) in

patients with Cushing’s syndrome.

Figure 2. Basal and post-combined CRH/desmopressin stimulation plasmatic

ACTH levels (pg/ml) in patients with Cushing’s syndrome.

Figure 3. Percent variation of plasmatic ACTH compared with basal and post-

CRH stimulation plasmatic ACTH levels (pg/ml) in patients with Cushing’s

syndrome.

Figure 4. Percentage variation of plasmatic ACTH compared with basal and

post-combined CRH/desmopressin stimulation plasmatic ACTH levels (pg/ml)

in patients with Cushing´s syndrome.
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sitivity of petrosal sinuses catheteriza-
tion(9,17). In the present series of cases,
100% of patients who received CRH pre-
sented a gradient > 3 between petrosal si-
nus/peripheral vein.

Patients with Cushing’s syndrome
present an exaggerated response to vaso-
pressin analogues, probably because of the
abnormal V2 or V3 receptors expression in
corticotrophic adenomas(18). This property
may be utilized to increase the diagnostic
sensitivity of CRH stimulation for differ-
entiating patients with Cushing’s syndrome
from those with ectopic ACTH secre-
tion(19).

Patients who receive combined CRH/
desmopressin present a significantly higher
response to ACTH than those who receive
isolate CRH(3).

In the present casuistic, 100% of the
patients who received combined CRH/
desmopressin presented a petrosal sinus/
peripheral vein gradient > 3.

In the analysis of the ACTH percentage
variation a progressive increase can be
observed at three and five minutes in the
group with combined CRH/desmopressin.
In those with isolate CRH, an increase is
observed at three minutes with a later de-
crease at five minutes. A higher stimulus to
ACTH secretion was observed in patients
who received combined CRH/desmopres-
sin, particularly at five minutes. Therefore,
the combined CRH/desmopressin results in
higher and delayed stimulus than isolate
CRH.

Studies have evidenced an increase in
lateralization, especially at five minutes, in
patients who received CRH during the pet-
rosal sinuses catheterization(12). Superior-
ity of combined CRH/desmopressin in the
identification of hypophyseal adenomas
during the simultaneous and bilateral infe-
rior petrosal sinuses catheterization was not
observed.

CONCLUSIONS

Simultaneous and bilateral inferior pet-
rosal sinuses catheterization with CRH or
combined CRH/desmopressin stimulation
could diagnose all of the patients in the
present casuistic with Cushing’s syndrome.

Combined CRH/desmopressin stimula-
tion induced a higher ACTH secretion in

Figure 5. Rate of patients with ACTH gradient > 3 at three and five minutes after CRH or combined CRH/

desmopressin stimulation in patients with Cushing’s syndrome.

Figure 5 shows the rate of patients with
ACTH gradient > 3 at three and five min-
utes after CRH or combined CRH/desmo-
pressin stimulation in patients with Cush-
ing’s syndrome.

As regards examination lateralization,
100% of patients who received CRH, and
92.85% combined CRH/desmopressin lat-
eralized.

Cranial magnetic resonance imaging
demonstrated hypophyseal in nine of 18
patients with Cushing’s syndrome, and was
negative in the three patients with ectopic
ACTH syndrome. All of the patients with
Cushing’s syndrome presented hypophy-
seal microadenoma.

Complications were not observed dur-
ing the simultaneous and bilateral catheter-
ization of inferior petrosal sinuses.

DISCUSSION

ACTH-dependent Cushing’s syndrome
occurs as a result of an increase in the hy-
pophyseal ACTH secretion (Cushing’s syn-
drome), or in the levels of ACTH from an
ectopic source (ectopic ACTH syn-
drome)(6–8).

The differentiation between Cushing’s
syndrome and ectopic ACTH syndrome by
means of conventional radiological and
biochemical techniques represents one of
the greatest challenges in the neuroendocri-
nology clinical practice. It has been sug-
gested that inferior petrosal sinuses sam-
pling, with or without CRH stimulation, is
the more accurate method for the diagno-

sis of Cushing’s syndrome(9). Despite its
invasiveness, the rates of success and com-
plications of this procedure depend on the
ability and experience of the operator, and
also is the most direct way to demonstrate
hypophyseal ACTH hypersecretion, and so
identify the patients who may benefit from
hypophyseal surgery(10). Petrosal sinuses
catheterization results in an accurate diag-
nosis in 90% to 100% of cases(11–13). Recent
studies have shown 90% sensitivity, 67%
specificity, 99% positive predictive value
and 20% negative predictive value after
CRH stimulation, demonstrating that pa-
tients with petrosal sinus/peripheral vein
gradient suggestive of a non-hypophyseal
source of ACTH hypersecretion may yet
present Cushing’s syndrome(5).

Most of patients affected by Cushing’s
syndrome present hypophyseal microade-
nomas(14) and magnetic resonance imaging
has a diagnostic sensitivity of 60% to
80%(12,15,16). In the present study, magnetic
resonance imaging was positive in 50% of
patients with Cushing’s syndrome. Addi-
tionally, 10% to 20% of endocrinologically
normal individuals present hypophyseal
lesions with no clinical significance at im-
aging studies(8). Also, a significant number
of ACTH-secreting ectopic tumors cannot
be detected at conventional images(6).
Therefore, a considerable number of pa-
tients with negative results in one or both
groups require additional investigation for
defining a correct diagnosis.

CRH stimulation has been successfully
utilized for increasing the diagnostic sen-
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corticotrophic adenomas as compared with
CRH stimulation; this may improve the
diagnostic sensitivity of this procedure.
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