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Internal jugular vein adrenocorticotropic hormone
estimation for diagnosis of adrenocorticotropic
hormone-dependent Cushing’s syndrome: Ultrasound-
guided direct jugular vein sample collection
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Aim of Study: To assess the utility of internal jugular vein (IJV) / peripheral adrenocorticotropic hormone (ACTH) gradient in determining
the etiology of ACTH- dependent Cushing’s syndrome. Materials and Methods: Patients with ACTH-dependent Cushing’s syndrome,
(except children less than 12 years), had 1JV blood collection under ultrasound guidance using a linear 7 MHZ probe. Blood was
collected with a 21 G needle at the level of mandible with the patient in supine position. Six ml of blood was collected sequentially
from right and left internal jugular veins for ACTH and prolactin estimation. Peripheral blood for ACTH and prolactin was taken from
a previously placed IV cannula in the antecubital vein. Results: Thirty patients (20 F, 10 M, age 14 to 50 yrs) were enrolled for this
study. Source of ACTH excess was pituitary in 22, ectopic ACTH in 4, and unknown in 4 cases. Using an IJV: Peripheral ACTH ratio
of > 1.6, 15 out of 22 Cushing’s disease patients were correctly identified. However, 1 out of 4 ectopic Cushing also had [JV: Peripheral
ratio > 1.6. Overall, it had sensitivity of 68% with specificity of 75% while MRI pituitary and HDDST had sensitivity of 86% and 59%,
respectively, with specificity of 100% each. Conclusion: I[JV: Peripheral ACTH gradient was observed in 68% of patients with Cushing’s
disease. Simultaneous IJV and peripheral sample collection with CRH stimulation may improve sensitivity and specificity of this test.
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INTRODUCTION

Pituitary corticotroph adenomas are responsible for
the majority (80%) of cases of Adrenocorticotropic
hormone (ACTH)-dependent Cushing’s syndrome. These
are usually small tumors and are not always detected on
MRI." ACTH producing tumors elsewhete in the body
account for the other 20% cases. These ectopic ACTH
producing tumotrs may also be very small / remain
occult for long number of years. Therefore, identifying
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and localizing the source of excess / abnormal ACTH
secretion is the most critical step in the management of
ACTH-dependent Cushing’s syndrome.

Bilateral inferior petrosal sinuses sampling is widely used
as part of diagnostic evaluation of patients with ACTH-
dependent Cushing’s syndrome.”! Presence of a significant
ACTH gradient between venous samples collected from
inferior petrosal sinus and peripheral vein suggests a
pituitary source. Other sites like the cavernous sinus! and
internal jugular vein® have also been used for central ACTH
estimation. Although central to peripheral ACTH gradient
is observed in the basal state, sensitivity of the testis further
improved with samples obtained after CRH stimulation.?”!
Super selective venous catheterization through femoral vein
(Seldinger technique) is used for collecting ACTH sample.®
°I'This is an invasive procedure requiring infrastructure and
skilled manpower, which is not always available, especially
in resource-poor countries. Here, we report results of a
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pilot study using USG-guided direct internal jugular vein
puncture for sample collection to assess central {internal
jugular vein (IJV)}/ petipheral ACTH gradient in patients
with ACTH-dependent Cushing’s Syndrome.

MATERIALS AND METHODS

Patients

Patients with ACTH-dependent Cushing’s syndrome were
the subjects for this study. Inclusion criteria were clinical
and biochemical evidence of hypercortisolism and plasma
ACTH level greater than 10 pg/ml. Children (age less than
12 years) were excluded. Each patient underwent high dose
dexamethasone-suppression test and gadolinium-enhanced
MRI of pituitary with post-contrast dynamic sequences.
Patients with normal pituitary or lesion < 5 mm on MRI
underwent additional tests like contrast-enhanced CT scan
of neck, chest, abdomen, and DOTA-TOC PET CT and
or FDG PET CT scan. Patients who had no detectable
source for ACTH and the very ill patients with pituitary
ACTH-dependent Cushing’s disease underwent bilateral
adrenalectomy. MRI for pituitary was done 6 months later
and if normal, repeat examination was advised 1 year later.

Internal jugular vein blood collection was done under
ultrasound guidance in the radiology department by a
dedicated radiologist. Linear probe (7 MHZ) was used
to localize IJV in neck. Blood was collected with a 21 G
needle at the level of mandible with the patient in supine
position. Needle was inserted keeping tip towards medial
wall of IJV. Six ml of blood was collected sequentially from
right and left internal jugular veins for ACTH and prolactin
estimation. Peripheral blood for ACTH and prolactin was
taken from a previously placed IV cannula in the antecubital
vein. The whole procedure was completed within 8 to
10 minutes. Blood was collected in pre-chilled plastic tubes
containing ethylene diamine tetra acetic acid and was sent
to laboratory immediately. After cold centrifugation, the
plasma was kept frozen at -20” C until assay. Prolactin was
used as a marker of pituitary effluent.”

ACTH estimation was done with electrochemiluminescence
immunoassay (ECLISA) using two monoclonal antibodies
specific for ACTH (9-12) and for the C-terminal region
(ACTH 36-39).”) The measuting range of this assay is
1-2000 pg/ml with inter and intra assay CV < 6%. Ratios
of central-to-peripheral concentration were calculated
for ACTH.

Final diagnosis of Cushing’s disease was made when pituitary
corticotroph adenoma was confirmed on histopathological
examination or remission of hypercortisolism following
pituitary surgery or appearance of pituitary adenoma (MRI)
following bilateral adrenalectomy. Diagnosis of ectopic

ACTH excess was made on identification of an ACTH
producing tumor elsewhere in the body. Those where an
ACTH source could not be identified were grouped under
‘ACTH source unknown.’

This being a pilot study, a sample of 30 was planned based
on the number of subjects likely to be available over a
2-year period. The study protocol was approved by the
institutional ethics committee.

REsuLTts

This study was carried out over 24-month period starting
from June 2007 at a tertiary care center. Thirty patients
(20 females and 10 males) were enrolled for this study.
Age ranged from 14 to 50 years (29 £ 10). High dose
dexamethasone suppression test and MRI for pituitary
were done for all patients. Sixteen patients had CECT
chest and abdomen, 7 each had DOTA-TOC PET and
FDG PET as additional investigations. Ultrasound-guided
internal jugular vein sample collection was done for ACTH
measurement along with peripheral venous sample for all
30 patients. All patients tolerated the procedure well. Other
than mild discomfort in the neck (10 patients), there were
no adverse events following the procedure.

Source of ACTH excess was pituitary in 22 (micro adenoma 19,
macro adenoma 3) and ectopic ACTH in 4 (from thymic
carcinoid in 2 and from bronchial carcinoid in 2). Source of
ACTH excess could not be localized in 4 cases.

MRI showed lesions in 19 of the 22 patients with Cushing’s
disease while none of the patients with ectopic ACTH excess
had any pituitary lesion. Thirteen of these 22 with Cushing’s
disease had more than 50% suppression with high dose
dexamethasone suppression test while none of the patients
with ectopic ACTH excess showed suppression [Table 1].

Central / peripheral ACTH ratio ranged from 0.28 to 10.
It was more than 3in 6, > 21in 12 and = 1.6 in 20 patients.
Out of the 20 with central peripheral ratio = 1.6, 15 had
pituitary corticotroph tumor (13 ipsilateral, 2 contralateral)
and 1 had a thymic carcinoid. ACTH source could not
be identified in 4. Among the 10 with central peripheral
gradient less than 1.0, 7 had pituitary corticotroph adenoma
and 3 were ectopic.

DiscussioN

The differentiation of Cushing’s disease from ectopic
source of ACTH hyper secretion is sometimes difficult
because both the tumors may give similar responses
to conventional tests like high dose dexamethasone
suppression, Metyrapone test etc. Contrast-enhanced
dynamic MRI can detect micro adenomas in 60% to 80% of
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Table 1: Results of magnetic resonance imaging, high dose dexamethasone suppression test, and Internal jugular

vein sampling

Test Pituitary Ectopic Unknown* Sensitivity Specificity Positive Negative

n =22 n=4 n=4 predictive value predictive value
MRI 19 0 1 86 100 100 57
HDDST 13 0 2 59 100 100 30
1JV: P ratio>1.6 15 1 4 68 75 94 30

*For calculation of sensitivity and specificity, unknown was excluded

cases of Cushing’s disease.""") Sometimes, small adenomas
detected on MRI may not be the lesion responsible for
ACTH hyper secretion. Prevalence of microadenomas in
healthy population varies from 10% to 27%.>'I Therefore,
selective venous sampling was developed to confirm hyper
secretion of ACTH from the pituitary gland.

P C Scriba reported the first successful ACTH estimation in
samples obtained from internal jugular vein (IJV) in patients
with ACTH-dependent Cushing’s syndrome in 1966.I"" He
had demonstrated IJV / peripheral vein ratio 1.5 £ 0.15 in
4 out of 5 Cushing’s disease patients. There was absence
of C: P gradientin 3 ectopic Cushing’s patients. After that,
there are several reports of successful IJV sampling.!'*"
The first case series of 10 patients (6 Cushing’s disease
and 4 ectopic) showed that IJVS was non-diagnostic in
detecting pituitary lesions."® Drury e at'™ showed that IJVS
had detected 9 out of 10 pituitary-dependent Cushing’s
syndrome. However, there were 13 patients in his study
(out of 23) who had either undiagnosed source or ectopic
ACTH-dependent Cushing’s syndrome. As better assays for
ACTH and non-invasive imaging techniques for diagnosis
of pituitary tumor became available, this procedure became
less popular.®!

Oldfield e# al! reported their experience with petrosal
sinus sampling with and without CRH for the differential
diagnosis of Cushing’s syndrome. An IPSS: P ratio
of = 2 in the basal samples identified 205 of 215 patients
with Cushing’s disease (sensitivity 95% and specificity
100%); a ratio of = 3 after CRH stimulation identified
all 203 patients with Cushing’s disease (100% specificity
and sensitivity). However, there were 32 patients with
unconfirmed diagnosis in this group of 278 who had
undergone IPSS. Subsequent studies have shown that this
test is also not free from false positive and false negative
results.”*"* Some of the false negatives were explained
on the basis of variations in the venous anatomy.*"-*+*!

Erickson e a/*! compared IJVS with IPSS in 35 patients
with ACTH-dependent Cushing’s syndrome (32 CD and 3
ectopic). Using the basal central / peripheral ACTH ratio
of > 2, IJVS diagnosed 15 (47%) of the 32 patients with
Cushing’s disease while 29 (91%) could be diagnosed with
IPSS. When a lower cut off (1.6) was used, the sensitivity
increased to 86%. Ilias ez a/*" also compared 1JVS with IPSS

in patients with ACTH-dependent Cushing’s syndrome.
ACTH values from IJVs were lower compared to IPSS,
possibly due to venous dilution. Basal central / peripheral
ACTH ratio showed considerable overlap between patient
groups but with CRH stimulation, sensitivity increased
to 83% at 100% specificity. There were 4 patients with
abnormal petrosal sinus anatomy and negative IPSS results
in this study. JVS correctly identified pituitary source for
ACTH hyper secretion in all these 4 patients.

Both IPSS and IJVS require expertise that is often not
available at many medical centers and although rare, some
serious complications like intracranial hematoma, brain
stem infarct, and thromboembolism® have been reported
with IPSS.

We used USG-guided direct venipuncture (IJ V) for sample
collection for ACTH estimation. Peripheral blood was
collected from antecubital vein through previously placed
catheters. Thirty patients, 20 females and 10 males, age
ranging from 14 to 50 years were enrolled in this study.
Twenty-two had Cushing’s disease while 4 had ectopic
source for ACTH hypersecretion. For 4 cases, source of
ACTH could not be documented. The 1JV: Peripheral
ACTH ratio ranged from 0.28 to 10. Out of 20 patients
with IJV: P ratio = 1.6, 15 were pituitary and 1 ectopic
ACTH excess (thymic carcinoid). There were 4 cases where
ACTH source was not identified. These included 3 patients
with normal MRI, and 1 had a2 5 mm lesion on MRI. Three
of the 4 patients with ectopic ACTH hyper secretion had
IJV peripheral ratio less than 1.6.

The 4 cases where ACTH source was not been identified
were excluded to calculate sensitivity and specificity of the
IJV: Peripheral ACTH ratio. This study showed sensitivity
of 68% and specificity of 75% in detecting Cushing’s
disease with cut off = 1.6. These results are comparable
to some of the earlier studies!"® where central peripheral
ratios were calculated without CRH stimulation. We
have a final diagnosis in only 26 of the 30 cases. The
other 4 cases will require further follow up to identify
source of ACTH excess. Some of these may be Cushing’s
disease while others may have occult ectopic or as yet
unknown / non- tumorous cause for hypercortisolism.* !
Several large series of patients with Cushing’s syndrome,
no definite diagnosis is available in 10% to 15% of patients
even after 10 to 20 years of follow-up.[**>*
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The main limitation of this study is the number of patients
with unknown ACTH source. The IJV samples were
collected sequentially from the right and left IJVs, and
one peripheral sample was collected during this time
for the first 28 patients. Only for last 2 patients was
simultaneous peripheral sample collected with each IJV
sample. Simultaneous 1JV and peripheral vein sample
collection with CRH stimulation may improve sensitivity
and specificity of this test.
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