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Context: Anomalous venous drainage can lead to false-negative inferior petrosal sinus sampling (IPSS)
results. Baseline inferior petrosal sinus to peripheral (IPS/P) prolactin ratio higher than 1.8 ipsilateral to
the highest ACTH ratio has been proposed to verify successful catheterization. Prolactin-normalized
ACTH IPS/P ratios may differentiate Cushing’s disease (CD) from ectopic ACTH syndrome (EAS).

Objective: Our objective was to examine the utility of prolactin measurement during IPSS.

Design, Setting, and Participants: We conducted a retrospective analysis of prolactin levels in basal
and CRH-stimulated IPSS samples in ACTH-dependent Cushing’s syndrome (2007–2010).

Results: Twenty-five of 29 patients had a pathologically proven diagnosis (17 CD and eight EAS).
IPSS results were partitioned into true positive for CD (n � 16), true negative (n � 7), false negative
(n � 1), and false positive (n � 1). Prolactin IPS/P ratio suggested successful IPSS in eight of 11 with
abnormal venograms. Baseline prolactin IPS/P ratio was helpful in two patients with abnormal
venograms and false-negative (catheterization unsuccessful) or true-negative (catheterization suc-
cessful) IPSS results; the normalized ratio correctly diagnosed their disease. Normalized ACTH IPS/P
ratio was at least 1.3 in all with CD, but prolactin IPS/P ratios were misleadingly low in two. One
patient with cyclic EAS had a false-positive IPSS when eucortisolemic (baseline prolactin IPS/P � 1.7;
normalized ratio � 5.6). All other EAS patients had normalized ratios no higher than 0.7.

Conclusion: Prolactin measurement and evaluation of the venogram can improve diagnostic ac-
curacy when IPSS results suggest EAS but is not necessary with positive IPSS results. Confirmation
of hypercortisolemia remains a prerequisite for IPSS. A normalized ratio of 0.7–1.3 was not
diagnostic. (J Clin Endocrinol Metab 96: 3687–3694, 2011)

Inferior petrosal sinus sampling (IPSS) is considered the
gold standard test for differentiating between a pitu-

itaryandanectopic sourceofACTH-dependentCushing’s
syndrome. A petrosal sinus to peripheral ACTH gradient
of at least 2.0 at baseline or at least 3.0 after CRH admin-
istration suggests a pituitary source of ACTH (1). How-
ever, false-negative results have been reported in 1–10%
of cases (2–4). These false-negative results have been at-
tributed to anomalous venous drainage, hypoplastic

petrosal sinuses, and lack of expertise and/or technical
problems leading to unsuccessful inferior petrosal sinus
catheterization.

Measurement of other pituitary hormones, including
GH, TSH, �-subunit, and prolactin, has been advocated to
evaluate catheter placement during IPSS (5–9). Prolactin is
the most abundant pituitary hormone, and the location of
normal lactotrophs in the anterior pituitary gland is dif-
ferent from the corticotropes, making it a reliable refer-
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ence hormone (10). Moreover, TSH, GH, and �-subunit
levels can be suppressed in hypercortisolemia, especially in
cases with ectopic ACTH syndrome (EAS) (6). Therefore,
recent studies have focused on prolactin measurement as
a marker of successful catheterization during IPSS (7–9),
Findling et al. (8) reported on the utility of prolactin in
three index cases, 44 patients with proven Cushing’s dis-
ease and five patients with proven EAS. They concluded
that an inferior petrosal sinus to peripheral (IPS/P) pro-
lactin ratio of greater than 1.8 before CRH administration
indicated successful catheterization when calculated on
the same side as the peak ACTH IPS/P ratio. In another
recent series, Mulligan et al. (9) evaluated 35 patients with
Cushing’s disease and one with EAS who underwent IPSS
and found that false-negative IPSS ACTH results had a
prolactin IPS/P ratio of less than 1.3. Furthermore, in the
Findling series, after normalizing the peak ACTH IPS/P
ratio by dividing it by this prolactin IPS/P ratio, values
greater than 0.8 suggested Cushing’s disease, whereas a
ratio less than 0.6 indicated EAS.

Our aim in this retrospective study was to further ex-
amine the utility of prolactin measurement as a marker of
successful catheterization during IPSS in 29 consecutive
patients with ACTH-dependent Cushing’s syndrome.

Subjects and Methods

Subjects
We conducted a retrospective review of 29 consecutive pa-

tients with ACTH-dependent Cushing’s syndrome who under-
went IPSS between 2007 and 2010 at the National Institutes of
Health Warren Grant Magnuson Clinical Center in Bethesda,
MD. After providing written informed consent, patients partic-
ipated in protocols approved by the Institutional Review Board
of the Eunice Kennedy Shriver National Institute of Child Health
and Human Development.

Diagnosis of Cushing’s syndrome
All patients were hypercortisolemic (except one, False-posi-

tive IPSS: one patient) with nonsuppressed plasma ACTH levels
and underwent testing to differentiate between Cushing’s disease
and EAS. They underwent IPSS because responses to an 8-mg
overnight dexamethasone suppression test and CRH stimulation
test were discordant and/or the pituitary magnetic resonance
imaging (MRI) was normal or equivocal (mass less than 6 mm).

Catheterization/IPSS protocol
An experienced interventional radiologist performed bilat-

eral, simultaneous catheterization of the inferior petrosal sinuses
as described by Miller and Doppman (11). Venography was ob-
tained to evaluate venous anatomy and catheter placement. Ret-
rograde flow of contrast dye into the contralateral cavernous
sinuses was used as a marker of adequate sampling. After the
correct placement of catheters, blood samples were obtained
from each of three ports (peripheral, left inferior petrosal sinus,

and right inferior petrosal sinus). Two sets of samples were ob-
tained at baseline. Ovine CRH was then peripherally injected at
1 �g/kg (maximum dose of 100 �g), and samples were obtained
3, 5, and 10 min later.

Hormone assays
Upon collection, IPSS samples were placed in an ice-water

bath. At the end of the procedure, they were taken to the De-
partment of Laboratory Medicine, where plasma was separated
and used for immediate measurement of ACTH; rarely, samples
were centrifuged, frozen, and assayed within 24 h. Plasma
ACTH was measured in an automated chemiluminescence im-
munoassay (Siemens Healthcare Diagnostics, Deerfield, IL) (12).
The intraassay coefficient of variation (CV) was 1.7–2.3%, and
the interassay CV was 2.8–8.4%; the functional detection limit
was 5 pg/ml (1.1 pmol/liter). Prolactin was subsequently mea-
sured in research plasma samples (stored initially at �20 C and
later at �80 C in the research laboratory) at baseline (time zero)
and at the time point with the peak ACTH IPS/P ratio after CRH
administration (Aurora St. Luke’s Medical Center) using an im-
munoradiometric assay (Diagnostic Products Corp., Los Ange-
les, CA) with a functional assay sensitivity of 0.1 ng/ml (0.004
nmol/liter), intraassay CV of 1.1–2.7%, and interassay CV of
1.6–6.3%. In one patient, prolactin levels were measured at the
National Institutes of Health using a chemiluminescent immu-
nometric assay (intraassay CV of 2.7–3.4% and interassay CV of
4.6–5.3%).

Study analysis
A diagnosis of Cushing’s disease or EAS was assigned based

on surgical pathology results. A peak ACTH IPS/P value of at
least 2 before and/or at least 3 after CRH administration was
considered to be consistent with Cushing’s disease, with lower
values suggestive of EAS. These IPSS results were classified based
on whether they were consistent with the final pathological di-
agnosis, as true positive (IPSS results and pathology indicating
Cushing’s disease), true negative (IPSS results and pathology in-
dicating EAS), false negative (IPSS results indicating EAS in a
patient with a pathology diagnosis of Cushing’s disease), or false
positive (IPSS results indicating Cushing’s disease in a patient
with a pathology diagnosis of EAS). If IPSS results suggested EAS
but a source could not be localized, patients were categorized as
having occult ACTH-dependent Cushing’s syndrome.

Baseline prolactin IPS/P ratio was calculated ipsilateral to the
dominant ACTH IPS/P ratio, which was defined as the highest
ACTH IPS/P ratio after CRH administration. Values higher than
1.8 were considered to indicate adequate catheterization (8). We
then calculated the normalized ACTH/prolactin IPS/P ratio by
dividing the post-CRH dominant ACTH IPS/P ratio by the basal
ipsilateral IPS/P prolactin ratio as previously described (8). Val-
ues lower than 0.6 were considered to indicate EAS, and those
higher than 0.8 to indicate Cushing’s disease.

The strategy proposed previously uses the prolactin IPS/P ra-
tio ipsilateral to the dominant ACTH IPS/P to evaluate venous
effluent. Because patients might have bilateral aberrant venous
drainage, we also evaluated the prolactin IPS/P ratio on the non-
dominant side.

Continuous variables were described with means and SD. Cat-
egorical variables were described using frequencies and percent-
ages. No formal statistical analyses were performed.
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Results

The mean age of the 29 patients (19 women) was 42.8 yr
(range, 23–66 yr). Four had occult ACTH-dependent Cush-
ing’s syndrome. Among the others, pathology results con-
firmed Cushing’s disease in 17 and EAS in eight (seven pul-
monary carcinoids and one thymic neuroendocrine tumor).

Evaluation of the dominant ACTH IPS/P ratio

Known Cushing’s disease
True-positive IPSS: 16 patients. Sixteen patients with sur-
gically proven Cushing’s disease had a peak ACTH IPS/P
ratio higher than 3, consistent with a pituitary source (true
positives). Baseline ipsilateral prolactin IPS/P ratio higher
than 1.8 indicated successful catheterization in 14 (range,
1.9–6.2), whereas failed catheterization was suggested in
two (0.8, 1.1). The normalized ACTH/prolactin IPS/P ra-
tio in all 16 patients was higher than 0.8 (3.3–40.9), con-
sistent with Cushing’s disease (Fig. 1).

False-negative IPSS: one patient. One patient had a peak
ACTH IPS/P ratio of 1.3 (false negative). The pituitary MRI
showed a 7-mm left pituitary microadenoma (Table 1). Al-
though IPSS angiography revealed a small right petrosal vein
and a very large left petrosal vein, the radiologist felt that the
catheters accurately sampled both petrosal veins. However,
baseline ipsilateral prolactin IPS/P ratio was 1.0, indicating

unsuccessful catheterization.Theprolactin-normalizedpeak
ACTH IPS/P ratio of 1.3 was higher than 0.8, accurately
diagnosing Cushing’s disease (Fig. 1).

Known ectopic ACTH syndrome
True-negative IPSS: seven patients. Seven of the eight pa-
tients with surgically proven EAS had ACTH IPS/P ratios
consistent with an ectopic source of ACTH (true nega-
tives). In six, baseline prolactin IPS/P was higher than 1.8
(3.1–5.4), indicating successful catheterization. Normal-
ized ACTH/prolactin IPS/P ratios in these patients were
lower than 0.6 (0.2–0.5), consistent with EAS. Baseline
prolactin IPS/P ratio in one of the seven true negatives was
borderline (1.8) with a normalized ACTH/prolactin IPS/P
ratio of 0.7, an indeterminate result (Fig. 1).

False-positive IPSS: one patient. One of the patients with
surgically proven EAS had a peak ACTH IPS/P ratio of 9.5,
a false-positive result. Baseline ipsilateral prolactin IPS/P ra-
tiowas1.7, suggestingunsuccessfulcatheterization,andnor-
malized ACTH/prolactin IPS/P ratio was 5.6, indicative of a
pituitary source (Fig. 1). Laboratory results subsequently re-
vealed cyclic Cushing’s syndrome; the catheterization had
been performed when she was eucortisolemic with a morn-
ing serum cortisol of 5.1 �g/dl (140.8 nmol/liter; normal
range, 5–25 �g/dl, 138–690 nmol/liter), a 24-h urine free
cortisol (UFC) of 27 �g/24 h (74.5 nmol/d; normal range,

3.5–45 �g/24 h, 9.7–124.2 nmol/d), and
a plasma ACTH level of 18.3 pg/ml (4
pmol/liter; normal �46 pg/ml, �10.1
pmol/liter). Three weeks earlier, the UFC
was 8116 �g/24 h (22,400 nmol/d).
CRH stimulation test and a high-dose
dexamethasone suppression test, per-
formed 1 wk later when she was hyper-
cortisolemic (UFC 755 �g/24 h, 2083.8
nmol/d), were consistent with EAS. Im-
agingrevealeda1.4-cmretrocardiaclesion.
SurgicalpathologyshowedanACTH-pro-
ducing pulmonary carcinoid (Table 1).
Postoperatively, ACTH levels were unde-
tectable, and hypercortisolemia remitted.
On the 10th postoperative day, she had
normal diurnal cortisol levels and did
not require glucocorticoid replacement
therapy, consistent with unsuppressed
normal corticotropes in cyclic Cush-
ing’s syndrome.

Occult Cushing’s syndrome
A tumor could not be localized in

four patients with IPSS consistent with
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FIG. 1. Baseline ipsilateral prolactin IPS/P ratios (left panel) and normalized ACTH/prolactin
IPS/P ratios (right panel) in 29 patients with ACTH-dependent Cushing’s syndrome (25 with a
surgically proven diagnosis and four with occult Cushing’s syndrome). Patients were divided
into true negatives (TN: pathology and IPSS results consistent with EAS, n � 7), true positives
(TP: pathology and IPSS results consistent with CD, n � 16), false negatives (FN: negative IPSS
results in a patient with surgically proven CD, n � 1), false positive (FP: positive IPSS results in
a patient with surgically proven EAS, n � 1), and occult (U: biochemical testing consistent
with EAS, but a source could not be localized). Normalized ACTH/prolactin IPS/P ratios in five
cases were higher than 12 and are not shown in the above figure. All patients with surgically
proven Cushing’s disease had a normalized ACTH IPS/P ratio of 1.3 or higher (dotted line).
Patients with surgically proven EAS (except for the false-positive case) had a normalized
ACTH/prolactin IPS/P ratio of 0.7 or lower (dashed line). CD, Cushing’s disease.

J Clin Endocrinol Metab, December 2011, 96(12):3687–3694 jcem.endojournals.org 3689



EAS (occult Cushing’s syndrome). Baseline ipsilateral pro-
lactin IPS/P ratio in occult patients 1 and 2 (Table 2 and
Fig. 1) indicated successful catheterization, with normal-
ized ACTH/prolactin ratios suggesting EAS (0.6 and 0.1).
Occult patient 2 had conflicting biochemical test results
(Table 2). The cortisol response to CRH, a possible 4-mm
right-sided pituitary adenoma on MRI, and an 86% de-
crease in cortisol after 8 mg dexamethasone suggested
Cushing’s disease, but subsequent CRH stimulation re-
sults and a peak ACTH IPS/P ratio of 2.3 suggested EAS.
The validity of the IPSS results was questioned because the
petrosal veins were small and difficult to cannulate. In
light of this and with biochemical tests suggesting a pitu-
itary source, she underwent transsphenoidal surgery
(TSS). However, pathology was unremarkable, and she
remained hypercortisolemic.

Prolactin was then measured in stored research sam-
ples of this patient. Baseline prolactin IPS/P ratio, ipsi-
lateral to the dominant right ACTH IPS/P ratio, was 4.2,
suggesting successful catheterization despite abnormal
venography. The normalized ratio was indeterminate
(0.6). On the left side, all prolactin IPS/P ratios were
below 1.8, indicating unsuccessful catheterization, and
the normalized ACTH/prolactin IPS/P ratio (1.4) sug-
gested Cushing’s disease (Supplemental Table 1, pub-
lished on The Endocrine Society’s Journals Online web
site at http://jcem.endojournals.org).

Occult patients 3 and 4 had baseline prolactin IPS/P
ratios of 1.2 and 1.6, suggesting failed catheterization (Ta-
ble 2 and Fig. 1). Patient 3 had a normalized ACTH/pro-

lactin IPS/P ratio suggesting Cushing’s disease but had a
previously unsuccessful TSS. Patient 4 had a normalized
ACTH/prolactin IPS/P ratio suggesting a pituitary source,
but she died of sepsis caused by a perforated gastric ulcer
before undergoing additional evaluation. An autopsy was
not performed.

Evaluation of Post-CRH prolactin values and basal
prolactin values from the petrosal sinus with
lower ACTH IPS/P ratio

Two EAS patients with nondominant ACTH IPS/P gra-
dients consistent with EAS had baseline prolactin IPS/P
values on that side suggesting inadequate catheterization
(1.0 and 1.3). Normalized ACTH/prolactin ratio sug-
gested Cushing’s disease in one (1.0) and was borderline in
the other (0.8). The cyclic EAS patient had misleading
results in both dominant and nondominant IPS samples
(Table 3).

Prolactin increased after CRH administration by at
least 10% in most patients with Cushing’s disease (10 of
17) and ectopic ACTH secretion (six of eight). Use of post-
CRH prolactin values to calculate the normalized ACTH
IPS/P ratios led to indeterminate results in four cases (Sup-
plemental Data).

IPSS venogram and baseline prolactin IPS/P
The venous angiogram reports were reviewed by the

interventional radiologist at the time of the procedure
(Supplemental Table 2). Eleven patients (38%) had
anomalous venous drainage or hypoplastic petrosal si-

TABLE 1. Clinical features of two patients with erroneous IPSS results (false negative and false positive)

Characteristic
False negative (IPSS, ectopic;

pathology, CD)
False positive (IPSS, CD;

pathology, ectopic)
Age at diagnosis (yr) 23 54
Sex Male Female
Symptoms/signs Weight gain, facial swelling, muscle weakness,

violaceous striae, easy bruising, dorsocervical
and supraclavicular fat pads

Weight gain, proximal muscle weakness, easy
bruising, memory problems, dorsocervical
and supraclavicular fat pads

ACTH (pg/ml) (normal, �46) 65.7 34.5
24-h UFC (�g/24 h) (normal,

3.5–45)
3030 27 (eucortisolemic) 755 (hypercortisolemic)

CRH stimulation test results
suggest

Pituitary Ectopic (hypercortisolemic)

HD DST results suggest Ectopic Ectopic (hypercortisolemic)
MRI pituitary 7 mm left pituitary adenoma Normal
IPSS
Peak ACTH IPS/Pa 1.3 (347/275) 9.5 (212/22.4)
Baseline PRL IPS/Pa 1.0 (14.8/15.4) 1.7 (4.2/2.5)
ACTH/PRL IPS/P 1.3 5.6
Surgical pathology Left 7-mm pituitary adenoma, staining positive

for ACTH
Left lower pulmonary carcinoid, staining

positive for ACTH

To convert ACTH level to picomoles per liter, multiply by 0.2202. To convert 24-h UFC level to nanomoles per day, multiply by 2.759. CD,
Cushing’s disease; HD DST, high-dose dexamethasone suppression test; PRL, prolactin; ectopic, ectopic ACTH secretion.
a Actual ACTH or prolactin values are shown in parentheses.
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nuses (six with Cushing’s disease, one with EAS, and
three with occult tumor). Difficult cannulation was doc-
umented in four of these cases, and samples were ob-
tained with a smaller gauge catheter or from presumed
draining veins. Of the 11 patients with anomalous ve-
nous drainage/anatomy, only three had a baseline pro-
lactin IPS/P ratio �1.8 suggestive of inadequate sam-
pling (two with occult Cushing’s syndrome and one
with EAS and false negative IPSS result). On the other
hand, three cases with normal venous anatomy/drain-
age and no reported difficulty in cannulation had a base-
line prolactin IPS/P ratio �1.8 (two with Cushing’s dis-

ease and one with cyclic EAS and false positive IPSS
result) (Supplemental Table 2).

Discussion

IPSS is the most reliable test to differentiate between an
ACTH-secreting pituitary adenoma and an ectopic
ACTH-secreting tumor (2, 13, 14). False-negative results
have been attributed to anomalous venous drainage, hy-
poplastic petrosal sinuses, technical problems, and/or lack
of expertise leading to improper catheterization (2, 3).

TABLE 2. Clinical features of four patients with occult Cushing’s syndrome

Characteristic

Occult Cushing’s syndrome

1 2 3 4

Age at diagnosis (yr) 26 44 50 62
Sex Male Female Male Female
ACTH (pg/ml) (normal, �46) 639 74.8 167 123
24-h UFC (�g/24 h)

(Normal: 3.5–45)
11,651 565 507 112

CRH stimulation test results
suggest

Ectopic Done twice: discordant
results first, then
ectopic

Pituitary Ectopic

HD DST results suggest Ectopic Pituitary Ectopic Ectopic
MRI Pituitary 4-mm pituitary adenoma 4-mm possible right

pituitary adenoma
4-mm possible right

pituitary adenoma
No evidence of

adenoma
IPSS venogram Normal Bilateral small petrosal

veins, difficult to
cannulate

Small left petrosal vein Small left petrosal
vein, large right
petrosal vein

IPSS
Peak ACTH IPS/Pa 1.3 (685/527) 2.3 (188/82) 1.3 (285/235) 1.4 (185/132)
Baseline PRL IPS/Pa 13.2 (104/7.9) 4.2 (71.6/17.1) 1.2 (10.8/9.3) 1.6 (34/21.8)
ACTH/PRL IPS/P 0.1 0.6 1.1 0.9
Other Imaging
CT C/A/P Negative Negative 8-mm lung nodule Left lung nodules
MRI C/A/P, cardiac Possible pericardiac lesion Negative Negative Negative
Octreotide scan Negative Negative Negative Negative
Surgery Underwent TSS at outside

facility, pathology with
no evidence of
adenoma, persistent
postoperative
hypercortisolism

Underwent TSS at NIH,
pathology with no
evidence of
adenoma, persistent
postoperative
hypercortisolism

Underwent TSS at NIH,
pathology with no
evidence of
adenoma, persistent
postoperative
hypercortisolism

Left adnexal mass,
status post
bilateral
salpingo-
oopherectomy
at NIH,
pathology
showed
fibrothecoma,
persistent
postoperative
hypercortisolism

Current status Medical treatment with
ketoconazole and
metyrapone, being
followed for tumor
localization

Medical treatment
with Mifepristone,
being followed for
tumor localization

Underwent bilateral
adrenalectomy,
being followed for
tumor localization

Died

C/A/P, chest, abdomen, and pelvis; CT, computerized tomography; PRL, prolactin; TSS, transsphenoidal surgery. To convert ACTH level to
picomoles per liter, multiply by 0.2202. To convert 24-h UFC level to nanomoles per day, multiply by 2.759.
a Actual ACTH or prolactin values are shown in parentheses.
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Prolactin levels during IPSS have been proposed to identify
unsuccessful catheterization (7–9), followed by normal-
ized ACTH/prolactin IPS/P ratios to distinguish between
Cushing’s disease and EAS.

The diagnostic criteria using the prolactin-normalized
ACTH ratio have been proposed based on a relatively
small number of patients. Findling et al. concluded that a
normalized ACTH/prolactin IPS/P ratio below 0.6 was
indicative of EAS (n � 5), whereas a ratio higher than 0.8
was suggestive of Cushing’s disease (n � 44) (8). They also
described three cases with erroneous IPSS results where
normalized ACTH/prolactin IPS/P ratios (�1.3) accu-
rately diagnosed Cushing’s disease (8).

This report expands the number of patients evaluated
with prolactin during IPSS and suggests that the previously
proposed normalized ACTH/prolactin IPS/P criterion for
the diagnosis of Cushing’s disease should be increased
from higher than 0.8 to 1.3. We report two patients with

occult Cushing’s syndrome and one with ectopic ACTH
secretion in this intermediate zone who would be falsely
diagnosed with Cushing’s disease based on a criterion of
higher than 0.8. Thus, taken with previous reports, our
data suggest that a normalized ACTH/prolactin IPS/P ra-
tio of no more than 0.7 is consistent with EAS and a ratio
of 1.3 or higher is consistent with Cushing’s disease. Ra-
tios between 0.7 and 1.3 are indeterminate. It will be im-
portant to expand the number of patients in future studies
to determine the optimal diagnostic threshold.

Measurement of prolactin levels does not appear to be
useful or necessary in patients with an ACTH IPS/P ratio
suggestive of Cushing’s disease. In this series, all but one of
these patients was properly diagnosed without prolactin
measurement. However, one EAS patient with a positive
ACTH IPS/P ratio had a false diagnosis of Cushing’s disease
with both ACTH and prolactin-normalized ratios. We spec-
ulate that this reflects lack of inhibition of the normal corti-

TABLE 3. IPSS ACTH (pg/ml) and prolactin (ng/ml) data in 29 patients with ACTH-dependent Cushing’s syndrome
with baseline prolactin IPS/P ratios and normalized ACTH/prolactin IPS/P ratios shown for both inferior petrosal
sinuses

Type
IPSS

result

Peak
ACTH
IPS/P

Contralateral
Peak ACTH

IPS/P

Ipsilateral
BL PRL
IPS/P

Contralateral
BL PRL
IPS/P

Ipsilateral
normalized

peak ACTH/BL
PRL IPS/P

Contralateral
normalized

peak ACTH/BL
PRL IPS/P

Concordant
normalized

ratios
EAS TN 1.2 1.1 1.8 3 0.7 0.4 Yes
EAS TN 1.5 1.4 3.1 2.4 0.5 0.6 Yes
EAS TN 1.1 1.1 4 4.1 0.3 0.3 Yes
EAS TN 1.4 1.3 5.4 2.1 0.3 0.6 Yes
EAS TN 1.1 1.1 4.8 1.3 0.2 0.8 No
EAS TN 1.2 1.1 4.7 2.4 0.3 0.5 Yes
EASa TN 1.4 1.0 3.9 1.0 0.4 1.0 No
EAS FP 9.5 5.7 1.7 1.5 5.6 3.8 Yes
CD TP 20.4 1.0 4.7 1 4.3 1 Yes
CD TP 113.4 100.2 10.9 8 10.4 12.5 Yes
CD TP 53.6 11.9 5 4.1 10.8 2.9 Yes
CDa TP 131.7 15.6 6.2 2.2 21.4 7.1 Yes
CD TP 20 17.7 2 2.4 10.1 7.4 Yes
CDa TP 49.2 6.7 5.7 3.8 8.6 1.8 Yes
CD TP 87.5 1.6 2.1 1.4 40.9 1.1 Yes
CD TP 9.7 1.0 0.8 0.8 11.6 1.3 Yes
CD TP 18.5 12.1 3.6 2.9 5.1 4.2 Yes
CDa TP 167.3 6.2 4.7 3.9 35.5 1.6 Yes
CDa TP 37.7 3.5 2.2 1.2 16.8 2.9 Yes
CDa TP 36.3 26.8 10.9 2.7 3.3 9.9 Yes
CD TP 9.2 1.5 1.1 1.0 8.4 1.5 Yes
CDa TP 11.3 0.9 2.9 1.0 3.9 0.9 Yes
CD TP 40.9 2.8 3.4 1.9 11.9 1.5 Yes
CD TP 78.2 1.2 3.1 1.7 24.9 0.7 No
CDa FN 1.3 1.2 1 1.6 1.3 0.8 No
Occ 1 1.3 1.2 13.2 1.1 0.1 1.1 No
Occ 2a 2.3 1.1 4.2 0.8 0.6 1.4 No
Occ 3a 1.3 1.2 1.2 1.2 1.1 1 Yes
Occ 4a 1.4 1.2 1.6 1.1 0.9 1.1 Yes

The ipsilateral calculations represent the side with the highest ACTH IPS/P value; contralateral results reflect the opposite side. Discordant results
for normalized ACTH/prolactin IPS/P ratio were seen in six of the 29 patients and are shown in bold. BL, Baseline; CD, Cushing’s disease; FN, false
negative; FP, false positive; Occ, occult; PRL, prolactin; TP, true positive; TN, true negative.
a Patients with abnormal venous anatomy.
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cotropes because of cyclic hypercortisolism, a confounder
that would not be corrected by prolactin normalization.

We also evaluated whether the baseline or post-CRH
prolactin value is better for normalization (Supplemental
Data), because a potential drawback of using the baseline
sample to assess adequacy of catheterization is the possi-
bility that the catheter might not be in proper position at
the time of post-CRH sampling. Most patients, regardless
of the diagnosis, had a greater than 10% increase in IPS
prolactin levels after CRH, consistent with previous re-
ports (6, 15, 16). However, the post-CRH values did not
improve diagnostic accuracy.

What is the role of venography? Demonstration of ret-
rograde flow in the cavernous sinuses is thought to indi-
cate successful catheterization during IPSS. Improper
catheterization can lead to false-negative results, and re-
view of the IPSS venous angiogram is an integral part of
the interpretation of IPSS, especially with a negative cen-
tral to peripheral ACTH gradient. In our series, IPSS veno-
gram results did not always parallel the baseline prolactin
IPS/P ratios. Eight of 11 patients who had anomalous ve-
nous anatomy or drainage had a baseline prolactin IPS/P
ratio higher than 1.8, consistent with successful catheter-
ization, including one with Cushing’s disease and a false-
negative IPSS. These results are in agreement with those
reported in a review of 501 earlier patients with surgically
proven Cushing’s disease who underwent IPSS. Four pa-
tients had false-negative IPSS results presumably due to
the presence of hypoplastic or plexiform inferior petrosal

sinus on the side of the microadenoma and related anom-
alous drainage. However, 25 of 100 consecutive control
patients with proven Cushing’s disease had unilateral or
bilateral atrophic inferior petrosal sinuses. Despite this,
none had false-negative sampling results (3).

This study’s results support the selective use of prolac-
tin measurements in patients with a peak IPS/P ACTH
ratio suggestive of EAS. However, prolactin provided
helpful additional information only in those cases that also
had an abnormal venogram. However, Mulligan et al. (9)
reported dissimilar results in two Cushing’s disease pa-
tients with false-negative or equivocal IPSS results. Both
cases had normal IPSS venous anatomy and successful
catheterization, but prolactin IPS/P ratios suggested un-
successful sampling. Therefore, although we found pro-
lactin measurement valuable in cases with negative IPSS
results and abnormal venogram, its utility in cases with
normal venous anatomy needs further study at less spe-
cialized centers.

Previous reports use the IPS side of the highest ACTH
ratio to evaluate adequate catheterization. If prolactin is
secreted similarly from each IPS, each side might contrib-
ute useful information regarding abnormal catheteriza-
tion, especially if the contralateral side had abnormal
drainage that would otherwise reveal a tumor. Applying
this strategy in our series, two patients with EAS and neg-
ative IPSS had contralateral prolactin IPS/P values, sug-
gesting unsuccessful catheterization, and a resulting nor-
malized ratio in the intermediate zone, possibly consistent

with Cushing’s disease (Table 3). The
ipsilateral data predicted EAS. Al-
though these data do not suggest rou-
tine use of the contralateral data, we
recommend that future studies consider
this possibility.

Results from this study emphasize
the importance of suppression of nor-
mal corticotropes in the interpretation
of IPSS. One patient with surgically
proven EAS and cyclic hypercortiso-
lism had a false-positive IPSS result
when cortisol levels were normal only 3
wk after documented hypercortisolism.
Normalized ACTH/prolactin IPS/P ra-
tio did not correct for this result and
suggested Cushing’s disease. Thus, con-
firmation of consistent hypercortiso-
lism remains a prerequisite for IPSS.

There are some limitations to our
study, including its retrospective nature
and the small number of patients with
erroneous IPSS results. Although 38%

If 0.8 -1.2 � Indeterminate 
Consider a pituitary source 

ACTH-dependent CS 

CRH test, HD DST test and 
MRI Pituitary 

CRH test� Pituitary 
HD DST� Pituitary 

MRI � > 6mm adenoma 

TSS 

CRH and HD DST � ectopic or contradictory 
and/or MRI with no or < 6mm adenoma 

Confirm hypercor�solism 

IPSS Basal ACTH IPS/P < 2 
and Peak ACTH IPS/P < 3 

Basal ACTH IPS/P ≥ 2 and/or 
Peak ACTH IPS/P ≥ 3 Review Venogram 

BL PRL IPS/P ≤ 1.8 BL PRL IPS/P > 1.8 

Ectopic 

Localiza�on and 
resec�on of ectopic 

tumor 

Normalized ACTH/PRL IPS/P 

If ≤ 0.7� Likely 
Ectopic 

If ≥ 1.3� Likely 
Cushing’s disease 

Unclear  
significance 

TSS 

BL PRL IPS/P  ≤ 1.8 

Likely Ectopic 

Normal Venogram Abnormal Venogram 

BL PRL IPS/P > 1.8 

FIG. 2. Suggested algorithm for evaluation of ACTH-dependent Cushing’s syndrome. BL,
Baseline; CS, Cushing’s syndrome; HD DST, high-dose dexamethasone suppression test; PRL,
prolactin; IPSS, inferior petrosal sinus sampling; IPS/P, inferior petrosal sinus to peripheral; TSS,
transsphenoidal surgery.
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of patients in our series had anomalous venous anatomy
and drainage, only one had a false-negative result. Larger
prospective studies at less specialized centers may be
needed to further confirm these findings. In summary,
measurement of prolactin levels during IPSS can increase
accuracy when the ACTH IPS/P ratio suggests EAS but is
not necessary with positive results. Reviewing the IPSS
venogram is essential to identify cases with anomalous
venous anatomy and drainage. We recommend that blood
samples obtained during IPSS should be stored and pro-
lactin levels measured at baseline in both right and left
inferior petrosal sinus and peripheral samples if the base-
line ACTH IPS/P ratio is less than 2.0 and the peak ACTH
IPS/P ratio is less than 3.0 (Fig. 2). This is especially rele-
vant if the IPSS venogram demonstrates anomalous ve-
nous anatomy or drainage. A baseline ipsilateral prolactin
IPS/P ratio lower than 1.8 suggests inadequate catheter-
ization; the use of contralateral ratios deserves additional
evaluation. Prolactin-normalized ACTH IPS/P ratio can
then be used to further distinguish between a pituitary and
ectopic source of ACTH. Finally, our data suggest that a
normalized ratio of 0.7 or below implies EAS, whereas
that of 1.3 or higher suggests Cushing’s disease, thus ex-
tending the zone of uncertainty in the interpretation of this
ratio.
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