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Adrenocorticotropic hormone–dependent
Cushing’s Syndrome: Sensitivity and Specificity of

Inferior Petrosal Sinus Sampling

Frank S. Bonelli, John Huston III, Paul C. Carpenter, Dana Erickson, William F. Young, Jr., and Frederic B. Meyer

BACKROUND AND PURPOSE: Determining the cause of Cushing’s syndrome can be dif-
ficult. Bilateral inferior petrosal sinus (IPS) sampling after ovine corticotropin–releasing hor-
mone (oCRH) stimulation is an established technique for the differentiation of pituitary from
nonpituitary sources of adrenocorticotropic hormone (ACTH) production. The purpose of this
study was to review our experience to determine the sensitivity and specificity of bilateral IPS
sampling.

METHODS: Between January 1990 and February 1997, 92 patients underwent 94 IPS sam-
pling procedures. Indications for these patients with Cushing’s syndrome included no discrete
lesion on MR images or CT scans, a discrete lesion present on images but equivocal peripheral
ACTH sampling after oCRH stimulation, and persistent Cushing’s syndrome after trans-sphe-
noidal surgery.

RESULTS: IPS sampling yielded six false-negative results and one false-positive result, man-
ifesting an overall sensitivity of 92.2% and a specificity of 90.0% for detection of a pituitary
source of ACTH after oCRH stimulation. Microadenoma lateralization by IPS sampling after
oCRH stimulation agreed with the surgical location in 70.0% of the patients. The technical
success rate of initial (presampling) bilateral IPS catheterization was 93.6%. Two serious com-
plications occurred and consisted of a venous subarachnoid hemorrhage and a lower extremity
deep venous thrombosis.

CONCLUSION: Bilateral IPS sampling after oCRH stimulation is helpful in the evaluation
of ACTH-dependent Cushing’s syndrome. False-negative results, however, suggest that the pos-
sibility of a pituitary source must still be considered when no response to oCRH is documented.
Interpetrosal ACTH gradient alone is not sufficient to lateralize the tumor reliably.

Ascertaining the cause of hypercortisolism in a pa-
tient with Cushing’s syndrome can be a perplexing
problem for the clinician. Two broad categories of
hypercortisolism must be distinguished; those pro-
cesses that are dependent on adrenocorticotropic
hormone (ACTH) production and those that are
not.

Measurement of plasma ACTH concentration
before and after ovine corticotropin–releasing hor-
mone (oCRH) stimulation reliably distinguishes
ACTH-independent Cushing’s syndrome (eg, func-
tional adrenal tumors) from ACTH-dependent pro-
cesses (1). ACTH-dependent processes comprise
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ACTH production from pituitary adenomas and
from nonpituitary (ectopic) sources. The ideal ther-
apy for ACTH-dependent Cushing’s syndrome en-
tails surgical removal of the ACTH-producing neo-
plasm. Thus, to guide appropriate intervention, one
must accurately determine the source of ACTH
production. Clinical history, dynamic biochemical
tests (eg, dexamethasone suppression, oCRH stim-
ulation), and CT or MR imaging of the pituitary
gland aid in distinguishing the two possibilities.

Not infrequently, however, the clinical, biochem-
ical, and imaging test results are indeterminate, re-
sulting in uncertainty regarding the source of
ACTH production. In such cases, direct sampling
for ACTH in the pituitary venous effluent into the
inferior petrosal sinus (IPS) before and after oCRH
stimulation can help to resolve the uncertainty by
accurately revealing the location of the source of
ACTH production (2).

Bilateral IPS sampling after oCRH stimulation is
an established technique for the differentiation of
pituitary from nonpituitary sources of ACTH pro-
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duction (2, 3). In addition, it can help in lateralizing
the pituitary microadenomas (2–4). IPS sampling
can be a technically difficult technique. Oldfield et
al (2) and Doppman (3) reported the largest expe-
rience to date for IPS sampling. They reported an
accuracy approaching 100% in determining a pi-
tuitary source of ACTH production with no serious
complication (2). A high sensitivity and specificity
for IPS sampling is important, considering that the
pretest probability for a pituitary ACTH source is
considered to be very high (approximately
85290%) (1). The purpose of this retrospective re-
view was to evaluate our experience with IPS sam-
pling, including a determination of the sensitivity
and specificity of the test in our patient population.

Methods
We conducted a retrospective analysis of 94 IPS sampling

procedures for ACTH that was performed in 92 patients be-
tween January 1990 and February 1997. At our institution,
only a select patient population with ACTH-dependent Cush-
ing’s syndrome undergoes IPS sampling for ACTH. Indications
for IPS sampling include the following: 1) no discrete pituitary
lesion identified by imaging or equivocal imaging results; 2)
a discrete lesion identified by imaging but peripheral ACTH
sampling findings equivocal after oCRH stimulation; 3) per-
sistent Cushing’s syndrome after trans-sphenoidal surgery; and
4) the clinician’s requirement of resolution of discrepancies
between the clinical picture, biochemistry, and imaging find-
ings. Our study population consisted of 70 female and 22 male
patients of ages ranging from 13 to 75 years (mean age, 44.5
years). Eighteen (19.6%) patients had undergone previous
trans-sphenoidal surgery. In one patient, a catheter could not
be inserted in either IPS; thus, internal jugular vein sampling
was performed. This patient was subsequently excluded from
further analysis.

The charts of the remaining 91 patients were reviewed to
determine imaging, surgical, and pathologic findings, technical
details of the procedure, and subsequent clinical outcomes. An-
giographic films obtained during IPS sampling were available
for review for 89 patients (91 procedures). The angiographic
studies were not available for two patients, who were thus
excluded from the technical portion of the study. Pre- and post-
sampling catheter position, level of contrast material reflux,
and variant, bilateral anatomy of the IPS were recorded. An-
atomic variants of the IPS were classified into four patterns
based on a modification of the original classification presented
by Shiu et al (5) (Fig 1).

IPS catheterization was performed in a manner that was a
modification of the technique reported by Miller and Doppman
(4). All patients or their parents completed an informed con-
sent form, approved by our institutional review board, before
the procedure was performed. After catheterization of the fem-
oral veins was performed, 4000 U of heparin was administered.
Before 1992, a 4F 458 head catheter was used (30 procedures).
Nearly all of the IPS sampling procedures after that date were
performed using a coaxial technique that included 5.8F cath-
eters advanced into the internal jugular veins with a Tracker
18 (Target Therapeutics, Freemont, CA) microcatheter posi-
tioned in each IPS (61 procedures). Sampling required 3 mL
of blood, and samples were obtained without difficulty through
the microcatheters in approximately 75 seconds. Eighty-nine
percent of all catheterizations were performed through bilateral
femoral vein punctures, 7% through bilateral internal jugular
vein punctures, 3% through a mixed femoral vein and internal
jugular vein approach, and 1% with both catheters placed in
the left femoral vein. After placement of the catheters in the
IPS, catheter tip position was confirmed with a hand injection

of contrast material and digital subtraction techniques. Simul-
taneous sampling of the IPS and peripheral veins was per-
formed 5 and 1 minute(s) before oCRH stimulation (1 mg/kg;
maximum, 100 mg) and 2, 5, and 10 minutes after oCRH stim-
ulation. Digital subtraction venography was performed at the
end of IPS sampling to document catheter position. A techni-
cally successful catheterization was defined as bilateral IPS
catheterization in which the catheters did not move into the
internal jugular veins during the course of IPS sampling.

All plasma ACTH determinations were made at our insti-
tution. Plasma ACTH was measured using an extraction radio-
immunoassay in which the antibody was generated against
synthetic ACTH (1224 amino acids) (6). Intra- and interassay
coefficients of variation were 7.6% and 10.5%, respectively.

For the determination of a pituitary source of ACTH pro-
duction, the ratio of IPS to peripheral vein established by Old-
field et al (2) was used. The ratio was calculated from the
simultaneous IPS and peripheral venous samples obtained be-
fore and after oCRH administration, and the highest ratio was
used. Pituitary-dependent Cushing’s syndrome was diagnosed
with a baseline central-to-peripheral ratio of 2.0 or a post-
oCRH ratio of 3.0 or both. As determined by Oldfield et al
(2), an interpetrosal gradient of 1.4 was used as a predictor of
the lateralization of a pituitary microadenoma.

Pathologic and clinical criteria for the establishment of the
source of ACTH production were similar to those described
by Oldfield et al (2). The diagnosis of a pituitary source of
ACTH was established if histologic examination of the pitui-
tary surgical specimen confirmed the presence of tumor (39
patients) with resultant postoperative normalization of cortisol
or hypocortisolemia. In addition, a pituitary source of ACTH
was diagnosed if resection of a portion of the pituitary gland
(14 patients) or irradiation after resection (one patient) resulted
in normalization or hypocortisolemia despite the lack of his-
tologic identification of a tumor. The diagnosis of an ectopic
source was confirmed by histologic specimen (nine patients).
Ectopic sources consisted of six patients with bronchial car-
cinoid, two patients with ACTH-producing adrenal pheo-
chromocytomas, and one patient with a metastatic ‘‘neuroen-
docrine’’ tumor.

Serum cortisol levels did not normalize in 10 patients with
pituitary-dependent Cushing’s syndrome despite the finding of
a pituitary adenoma confirmed surgically (n55), histologically
(n54), or after radiotherapy following trans-sphenoidal sur-
gery (n51). In 10 patients, the diagnosis was clinically thought
to be ectopic ACTH syndrome, but repeated imaging failed to
reveal a tumor. The source of ACTH excess remains unknown
in 13 patients.

Results

ACTH Sampling of IPS

Confirmation of a pituitary or ectopic source of
ACTH production was available for 63 patients (65
procedures). Figure 2 shows the measured ACTH
IPS:peripheral ratios for both ectopic and pituitary
sources of these 65 procedures. The mean baseline
ACTH IPS:peripheral ratio for sampling proce-
dures with a pituitary source was 15.2 and with an
ectopic source was 1.1. The mean, post-oCRH
stimulation ACTH IPS:peripheral ratio for sam-
pling procedures with an ectopic source was 2.7
(this was elevated because of a false-positive result;
without it, the mean was 1.6) and with a pituitary
source was 33.6. The mean time to the maximum
ratio after oCRH stimulation was 3.6 minutes for
pituitary sources of ACTH.
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FIG 1. Modified classification of IPS anatomic variants. Type I consists of an IPS anastomosing with the internal jugular vein. The
anterior condylar vein is absent or joins the IPS at a defined origin. The short segment of vein from the point of this anastomosis to the
internal jugular vein is termed the inferior condylar confluence. Type II consists of a common origin of the IPS and anterior condylar
vein with the internal jugular vein. Types III and IV remain as originally described by Shiu et al (5) (ie, an IPS consisting of several small
channels communicating with the internal jugular vein and an IPS that communicates with the anterior condylar vein and not the internal
jugular vein, respectively).

FIG 2. Maximum IPS-to-peripheral-blood ACTH ratios before and after oCRH administration in 65 procedures in which confirmation of
the ACTH source was obtained.

A baseline ACTH IPS:peripheral ratio of 2.0 de-
noted a pituitary source of ACTH secretion (2).
Using this ratio and excluding those patients in
whom the catheter was noted to be in the internal
jugular vein, either unilaterally or bilaterally on the
post-test images, the baseline sensitivity was
92.2%, specificity was 100%, and accuracy was
93.4% (n 5 61 procedures). After oCRH stimula-
tion, an ACTH IPS:peripheral ratio of 3.0 denoted
a pituitary source of ACTH secretion (2). With this
ratio, the post-oCRH stimulation sensitivity was
92.2%, specificity was 90%, and accuracy was
91.8%.

Forty-one patients who had confirmation of a pi-
tuitary or ectopic source of ACTH underwent cath-
eterization with the 5.8F/coaxial microcatheter sys-
tem. This system reflects the technique of the test
as it is performed currently. For this subset of pa-
tients, the pre-oCRH stimulation sensitivity was
91.2%, specificity was 100%, and accuracy was

92.7%. The post-oCRH stimulation sensitivity was
91.2%, specificity was 85.7%, and accuracy was
90.2%.

Only nine patients who had undergone previous
surgery had confirmation of the source of ACTH
production. Among these nine patients, there was
one false-negative result both before and after
ACTH stimulation.

Six IPS sampling procedures rendered false-neg-
ative results (classifying a pituitary source as an
ectopic source of ACTH secretion) after oCRH
stimulation. Four of these procedures yielded false-
negative results both before and after oCRH stim-
ulation. All patients had type I anatomy bilaterally.

Each of the six post-oCRH false-negative results
showed a blunted and delayed time course when
ACTH concentration from both petrosal sinuses
was plotted as a function of time. In half of the
cases, the response did not exceed the significance
ratio during the course of the assay. In the remain-
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Technical factors of inferior petrosal sinus catheterization of six patients with false-negative sampling results

Patient
Level of Contrast

Reflux*

Presampling
Catheter

Position Right

Presampling
Catheter

Position Left

Postsampling
Catheter

Position Right

Postsampling
Catheter

Position Left Catheter System

1
2
3
4
5
6

Contralateral IJ
Contralateral IPS
Contralateral IJ
Contralateral IJ
Contralateral IJ
Contralateral IJ

IPS
ICC
IPS
IPS orifice
IPS
IPS orifice

IPS
ICC
IPS
IPS orifice
IPS
IPS orifice

No change
No change
No change
IJ
No change
No change

No change
IJ
No change
IJ
No change
No change

5.8F/microcatheter
4F
5.8F/microcatheter
4F
5.8F/microcatheter

* Level of reflux was the same bilaterally, IJ—internal jugular vein, IPS—inferior petrosal sinus, ICC—IPS/condylar vein confluence.

der, there was a parallel increase in peripheral
ACTH concentration with a magnitude near that of
the IPS samples. Only one patient had undergone
previous trans-sphenoidal surgery. All patients had
type I IPS anatomy bilaterally. In two patients (not
included in calculation of sensitivities and specific-
ities), the catheters were noted to be in the internal
jugular vein unilaterally and bilaterally, respective-
ly. The technical factors of the IPS catheterization
in these patients are presented in the Table. In one
patient, a false-positive test result was identified af-
ter oCRH stimulation. This case has been discussed
previously (7).

Lateralization
In 35 patients, the side of the pituitary adenoma

was established at surgery. Using an interpetrosal
ACTH ratio of 1.4 or greater, lateralization by IPS
sampling after oCRH stimulation agreed with the
surgical location in 70% of patients, was opposite
in 11%, and nonlateralizing in the remainder. Base-
line interpetrosal ACTH gradients agreed with the
surgical location in 67% and were opposite the sur-
gical location in 19% of the patients. An insuffi-
cient number of patients had confirmation of tumor
location to determine accuracy of lateralization in
this subset of patients.

Technical Success
Bilateral catheterization of the IPS with no dis-

placement of the catheters into one or both internal
jugular veins during subsequent sampling was con-
sidered a technical success. Using these criteria, 82
(87%) of the 94 procedures were technically suc-
cessful. In only one patient (1.1% of procedures),
a catheter could not initially be inserted in the IPS
bilaterally. In this patient, no IPS orifice in the in-
ternal jugular vein was found on the right and a
left internal jugular vein was not identified. The
anatomic classification of the IPS in this patient
remains unknown. In five patients, only unilateral
catheterization of an IPS was successful. One pa-
tient had Shiu type IV anatomy, which precluded
IPS catheterization. An additional patient had a du-
plicated channel paralleling the internal jugular
vein and connecting to the left IPS. Catheterization

of the IPS could not be accomplished; thus, sam-
pling was performed in the internal jugular veins.
Unilateral placement of a catheter was noted (dur-
ing a retrospective review of the angiograms) in the
remaining three patients’ basilar plexus (8). Thus,
the technical success rate of the initial (presam-
pling) bilateral IPS catheterization was 93.6%. The
remaining six procedures were considered to be
technical failures because, after initial successful
catheter placement into the IPS, the catheters were
displaced into the internal jugular veins bilaterally
in three and unilaterally in three procedures during
the course of venous sampling. In these six pa-
tients, IPS sampling was performed with the angled
458 4F catheters. No catheter was displaced into the
internal jugular vein after ACTH sampling when
the 5.8F/microcatheter system was used.

Six patients had unilateral hypoplastic IPS, and
one patient with previous pituitary apoplexy had
bilateral hypoplastic IPS. The catheter could not be
advanced distal to the IPS/condylar confluence in
two patients by using the 4F catheter system. The
catheter tip was placed in the IPS origin in two
patients by using the 5.8F microcatheter system but
could be placed in the region of the genu or hori-
zontal segment in the remainder. In one patient, a
4F system was replaced with a microcatheter sys-
tem to perform successful catheterization of the hy-
poplastic IPS.

Initially, in the majority of the patients, the cath-
eter tip was located in the IPS bilaterally before
ACTH sampling (Table). In 12.1% of procedures,
the catheter was located in the cavernous sinus on
either side (bilaterally in 6%). Initial catheter place-
ment depended on the catheter system used. The
4F catheter was less compliant, and manipulations
into the IPS could be difficult with that system. In
many cases, the catheter was positioned only as far
as the IPS origin or IPS/condylar vein confluence
before ACTH sampling because of difficulty in ad-
vancing the catheter further. This was not a factor
in placement of the 5.8F microcatheter system.
Thus, the catheter tip was at the IPS origin in
15.6% and at the IPS/condylar vein confluence in
50.5% of all IPS catheterizations with the 4F cath-
eter system compared with 5.1% and 1.7%, respec-
tively, for the 5.8F microcatheter system.
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Complications
Two major complications occurred in two pa-

tients. One patient suffered a venous subarachnoid
hemorrhage during the course of the procedure. A
second patient, who underwent catheterization by
a femoral vein approach, developed a deep venous
thrombosis during the periprocedural period. The
deep venous thrombosis was appropriately treated
with anticoagulants, and no further complications
occurred. Minor complications consisted of two
small groin hematomas and one small cervical he-
matoma, which occurred after catheterization per-
formed by a direct internal jugular vein approach.
The cervical hematoma was small and resolved
without symptoms other than local swelling and
pain.

The patient with venous subarachnoid hemor-
rhage experienced elevated arterial blood pressure,
headache, and confusion during the procedure.
Three additional patients (total of 4.2%) experi-
enced headaches during or after the procedure but
had no sequelae. Other subjective complaints ob-
served included nausea in 2.1% of patients, neck
pain in 2.1%, and chest discomfort in 1%. These
patients did not go on to develop adverse reactions.

Discussion
The treatment of ACTH-dependent Cushing’s

syndrome, whether from a pituitary or ectopic
source, is surgical removal of the neoplasm. Ac-
curate localization using clinical and biochemical
means is important to avoid subjecting the patient
to unnecessary surgery without the possibility of
cure. The pretest probability of a pituitary source
of ACTH (Cushing’s disease) is estimated to be
approximately 90% (1) in unselected patients pre-
senting with ACTH-dependent Cushing’s syn-
drome. With such a high pretest probability, it is
important that the diagnostic test used have very
high sensitivity and specificity. Noninvasive means
of localizing the source of ACTH production in-
clude clinical presentation, the dexamethasone sup-
pression test, the peripheral oCRH stimulation test,
and radiographic imaging of the pituitary (either by
MR imaging or CT) (1). Some researchers estimate
the accuracy of the dexamethasone suppression test
to be approximately 80% (9). The sensitivity and
specificity of oCRH stimulation and peripheral ve-
nous sampling of ACTH is estimated to be 93%
and 100% (1, 10), respectively, which is only
slightly greater than the pretest probability of pi-
tuitary ACTH production. Complete reliance on
imaging studies of the pituitary, whether it be on
CT or MR imaging, is problematic in that there is
a wide range of sensitivities reported for MR and
CT examination of the pituitary in detecting mi-
croadenomas, ranging from 65% to 94% (11–13).
Thus, imaging does not reveal all adenomas. In an
autopsy series of unselected cases, incidental pitu-
itary lesions were reported to have occurred in
6.1% of the patients (14), and in an additional MR

study, the findings indicated that approximately
10% of the normal adult population had abnormal-
ities compatible with pituitary microadenomas,
which were asymptomatic (15). These observations
raise uncertainty regarding whether a pituitary ab-
normality detected by imaging is the source of
ACTH production or whether it may be an inci-
dental finding.

IPS sampling of ACTH after oCRH stimulation
is an established invasive technique that can also
be used for distinguishing pituitary from ectopic
sources of ACTH production. Many experts con-
sider IPS sampling to be the most reliable study for
this purpose. Oldfield et al (2) published the largest
experience with this technique, reporting a sensi-
tivity and specificity of 100% for detection of a
pituitary source of ACTH. This exceeds the esti-
mated pretest probability of a pituitary source in
patients with ACTH-dependent Cushing’s syn-
drome, making this test, in theory, the most reliable
diagnostic test. Recently, cavernous sinus sampling
has also been reported to be highly accurate in dif-
ferentiating pituitary from ectopic sources of
ACTH production (16).

In our series, we experienced six false-negative
results and one false-positive result. In two proce-
dures, the catheter position had changed after the
procedure into the internal jugular vein, and this
could, in theory, be responsible for the false-neg-
ative results in these two patients. Thus, these pa-
tients were not included in the sensitivity or spec-
ificity calculations. Overall, the sensitivity was
92.2% and the specificity was 90% for detection of
a pituitary source of ACTH after oCRH stimula-
tion. For the subset of patients in whom the 5F
coaxial microcatheter system was used, which re-
flects the current technique, the sensitivity was
91.2% and the specificity was 85.7% for detection
of a pituitary source of ACTH after oCRH stimu-
lation. These values approximate the estimated pre-
test probability for a pituitary source of ACTH pro-
duction in patients presenting with Cushing’s
syndrome. The pretest probability for a pituitary
ACTH source, however, is unknown in patients
with normal CT and MR imaging findings. Since
the initial investigation by Oldfield et al in 1991
(2), others have also reported false-negative results
for IPS sampling after oCRH administration (17,
18). Most recently, Lopez et al (19) reported one
false-negative result in a series of 24 procedures.
The presence of false-negative results suggests that
the lack of a significant gradient after oCRH stim-
ulation does not entirely exclude Cushing’s disease
in favor of ectopic sources, as pointed out by Lopez
et al (19).

The false-negative results obtained in our study
are likely multifactorial and may be attributed to
technical factors, anatomic variation, or intrinsic
properties of tumor ACTH secretion. In all six
cases, there was a response to oCRH, albeit blunt-
ed. In two of these patients, the catheters were
found to have slipped into the internal jugular vein
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at the end of sampling. Thus, we can attribute tech-
nical factors (eg, sampling from internal jugular
vein with subsequent dilution of effluent) as the
likely cause of the false-negative results in these
patients. One patient had undergone two previous
trans-sphenoidal operations. It is possible that this
patient’s altered venous anatomy resulted in the
false-negative finding. In the remaining patients,
rises in the concentration ACTH in the peripheral
venous samples resulted in IPS:peripheral ratios of
less than 3.0. In two of these patients, the pre-
oCRH ratio was greater than 2.0 (leading to correct
localization of the tumor); however, the ratio after
oCRH administration was less than 3.0, resulting
in a false-negative test. Whether these findings
were because of altered anatomic drainage or a
property of tumor ACTH secretion is unknown. Er-
ror in the immunoassay or sampling handling could
also be considered; however, no sample handling
errors were documented. The single false-positive
result occurred in a patient who was not hypercor-
tisolemic at the time of IPS sampling. This patient’s
case was the subject of a previous article (7), and
the condition was attributed to periodic hormono-
genesis of the patient’s autopsy-proven bronchial
carcinoid. This case emphasizes the importance of
sampling only when the patient is hypercortisolemic.

Bilateral IPS sampling has been advocated as a
potential method of localizing a pituitary microad-
enoma by using the interpetrosal gradient of ACTH
(2). After oCRH stimulation and using an interpe-
trosal gradient of 1.4, IPS sampling for ACTH cor-
related with the surgical location of the pituitary
lesion in 70% of the cases. This is in agreement
with the results presented by Oldfield et al (2) and
Lopez et al (19), who found correlation in 72% and
66.7% of their cases, respectively. Using cavernous
sinus sampling, Graham et al (16) reported a higher
correlation of 83%. In our study, 11% of the tests
indicated that tumor location was on opposite side
of the pituitary; our study was inconclusive regard-
ing the remainder. We agree with Lopez et al (19)
that the interpetrosal gradient should not be relied
on as the sole determinant in anatomic location of
a pituitary source of ACTH secretion. It may be
useful in confirming that a questionable area on an
image of the pituitary is the site of tumor, but this
was not specifically evaluated in this study.

Initial bilateral catheterization of the IPS was
successful in 93.6% of procedures, which compares
with the 93.8% success rate reported by Lopez et
al (19), but is less than the 99% success rate re-
ported by Oldfield et al (2). The main impediment
to initial catheterization success was anatomic (ie,
failure of one or both IPS to have an identifiable
connection with the jugular vein). In three patients,
however, a retrospective review of the films during
this study revealed catheterization of a parallel ve-
nous system, which was not the main drainage
route from the cavernous sinuses. This emphasizes
careful analysis of the pretest IPS venogram to
scrutinize the level and path of contrast material

reflux to the contralateral side (4, 8). Additionally,
in six procedures, one or both catheters slipped into
the internal jugular vein. This was strictly depen-
dent on the catheter system used and occurred only
with the stiffer 4F catheters, which we no longer
use. The importance of postsampling venography
is emphasized by these cases, in which catheter po-
sition can, at least in theory, alter the reliability of
the test results. Cases performed with microcath-
eters and high-quality road-mapping fluoroscopic
techniques resulted in accurate catheter placement
without postsampling catheter displacement.

Complications from IPS sampling are infrequent
(19, 20). The reported complications include tran-
sient brain stem symptoms, infarction, or pontine
hemorrhage (20–22). Two (2.2%) patients in our
series experienced major complications. Our sole
neurologic complication consisted of a venous sub-
arachnoid hemorrhage, which is described in detail
elsewhere (23). We could not confidently identify
what caused this event, although, most certainly,
placement of a microcatheter perforated a vein. The
second was a patient who developed deep venous
thrombosis, which was treated successfully. Several
patients were identified with subjective complaints
of nausea, neck pain, or headache, with no sequel-
ae. Other investigators (20) have described similar
findings and have warned that these findings may be
harbingers of impending neurologic complications.

Conclusion
IPS sampling is a technically challenging pro-

cedure that is the closest to a diagnostic standard
of reference for the evaluation of ACTH-dependent
Cushing’s syndrome (2). As the test is used in our
institution, the pretest probability of a pituitary
source of ACTH production may not be as high as
that estimated for an unselected population of pa-
tients with ACTH-dependent Cushing’s syndrome.
Thus, the lower sensitivity and specificity we report
compared with those findings reported by Oldfield
et al (2) and Graham et al (16) are still adequate
for the evaluation of ACTH-dependent Cushing’s
syndrome in our select patient population. The
false-negative results we report, however, suggest
that the possibility of a pituitary source must still
be considered among patients with blunted re-
sponses or relatively large increases in peripheral
ACTH after oCRH stimulation. In addition, regard-
ing lateralization of pituitary microadenomas, the
interpetrosal ACTH gradient alone is not sufficient
for lateralizing the tumor reliably.
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