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BACKGROUND Inferior petrosal sinus sampling (IPSS) is a useful technique in the diagnosis of Cushing’s disease (CD) when the imaging finding is
negative or equivocal. Different authors have reported considerable variability in the ability to determine tumor laterality with IPSS. Here the authors
present a retrospective case series of 7 patients who underwent IPSS using a systematic algorithm to improve lateralization accuracy by identifying
optimal sampling sites on the basis of individual cavernous sinus drainage patterns in each patient.

OBSERVATIONS Of the 7 patients identified, 6 were determined to have CD and subsequently underwent surgery. IPSS was accurate in all patients
from whom laterality was predicted. Arterial and venous angiography were used to define cavernous sinus drainage patterns and determine optimal
sampling sites. All patients who underwent surgery achieved hormonal cure.

LESSONS All IPSS predictions of lateralization were correct when available, and all patients who underwent surgery achieved hormonal cure.
Advances in angiographic techniques for identification of the site of primary drainage from the cavernous sinus and subsequent optimization of
microcatheter placement may improve the ability to predict tumor laterality.

https://thejns.org/doi/abs/10.3171/CASE21374
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Bilateral inferior petrosal sinus sampling (IPSS) is a technique
that is used to diagnose Cushing’s disease, especially when no evi-
dence of pituitary adenoma is present on magnetic resonance imag-
ing (MRI) in the setting of adrenocorticotropic hormone (ACTH)-
dependent Cushing’s syndrome.1,2 The technique takes advantage
of the short half-life of ACTH, which results in a concentration gradi-
ent between the inferior petrosal sinus (IPS) and peripheral
blood.1,2 IPSS is performed bilaterally and involves simultaneous
blood draws at regular intervals after stimulation with corticotropin-
releasing hormone (CRH). A central/peripheral ACTH ratio >3 after
CRH administration has a sensitivity of 81%–100% and a specificity
of 90%–95% for the diagnosis of Cushing’s disease.3,4 An intersi-
nus ACTH gradient >1.4 is typically used to determine laterality

and has a positive predictive value that is generally believed to be
between 48% and 78%.2,5,6

Although IPSS is a useful technique in the diagnosis of Cush-
ing’s disease, lateralization of microadenomas using IPSS remains
challenging.2,5,7,8 Technical failure of lateralization in IPSS is often
due to anomalous venous drainage, which can confound lateraliza-
tion by asymmetrically directing the flow of ACTH-carrying venous
blood.9 Some groups have proposed normalizing venous outflow on
the basis of prolactin levels, with promising results.10–14 However,
there have been no systematized algorithms reported in the litera-
ture for overcoming the confounding effects of asymmetrical or
anomalous venous drainage. Although there has been one report of
successful external jugular vein ACTH sampling in a case of a

ABBREVIATIONS ACTH = adrenocorticotropic hormone; CD = Cushing’s disease; CRH = corticotropin-releasing hormone; IPS = inferior petrosal sinus; IPSS = inferior
petrosal sinus sampling; MRI = magnetic resonance imaging.
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hypoplastic IPS, there is no systematic approach available to
address these cases.15 Here we report the systematic approach
and algorithm to IPSS used at the University of Cincinnati Medical
Center, which combines careful identification of optimal sampling
sites with previously described ACTH normalization methods.11,13,14

Our addition to commonly used techniques is the careful identifica-
tion of the site of primary drainage to determine optimal sampling
sites in a systematic manner, which has not been previously
described. We begin with venography to determine the anatomy of
the IPS and escalate to an arterial angiogram with delayed road-
mapping if necessary to delineate venous drainage. Optimal sam-
pling sites are then selected on the basis of individual drainage
patterns that are based on the site of primary drainage from the
cavernous sinus. We believe these methods result in improved lat-
eralization accuracy, thus minimizing unnecessary pituitary explora-
tion and facilitating hormonal cure.

Study Description
Methods and Endovascular Technique

In this retrospective case series, we evaluated whether lateral-
ity indicated by IPSS using our algorithm correlated with tumor
laterality as reported intraoperatively. Patient charts and angio-
graphic images were reviewed in accordance with an institutional
review board protocol. IPSS in all patients was performed by the
same senior author (C.J.P.). Patients with ACTH-dependent hyper-
cortisolism were referred for IPSS on the basis of the algorithm
depicted in Fig. 1. All patients who underwent surgery after diag-
nosis of Cushing’s disease were operated on via a transsphenoi-
dal approach by the same senior author (J.A.F.).

IPSS is a human resources–intensive procedure to ensure safe
and accurate placement of catheters along with appropriate proc-
essing of specimens. The patient is properly sedated once brought

to the angiography suite, where both groins are shaved, prepped,
and draped in a sterile fashion. Using the modified Seldinger tech-
nique, the right common femoral vein is accessed percutaneously
with the patient under local anesthetic, and a 5-French sheath is
inserted over a wire and secured in place. After angiographic confir-
mation of position, a heparinized saline flush (1,000 U/L) is infused.
In like fashion, a 6-French sheath is inserted into the left common
femoral vein after percutaneous access. The larger sheath size on
the left allows reliable peripheral sampling throughout the procedure
without the need for peripheral sampling from smaller-caliber upper
extremity lines. Of note, the 3-way stopcock on the left sheath is
isolated from the remainder of the sterile field. After administering a
1,000-U heparin intravenous bolus, 5-French Envoy catheters (Cod-
man Neuro) are advanced over a Glidewire (Terumo Medical Corp.)
into the inferior vena cava and subsequently the internal jugular
veins under subtracted fluoroscopic guidance.

The following steps are shown in the algorithm in Fig. 2. We
believe that this algorithm provides a systematic approach to cannu-
lating and successfully sampling ACTH-rich venous blood from the
site of primary drainage of the cavernous sinus. A retrograde veno-
gram performed at the jugular bulb is used to identify the IPS before
advancing a Marksman microcatheter (Medtronic) with a Synchro
0.014-in. microwire (Stryker Neurovascular). Venography is used to
confirm the IPS as the site of primary drainage. However, normal var-
iation in IPS anatomy can result in a small or anomalous IPS that is
not the site of primary drainage and may be difficult to visualize and
cannulate. In this case, we perform retrograde venography from the
contralateral side to visualize the site of primary drainage ipsilaterally.
If still no drainage pattern is visualized on the ipsilateral or contralat-
eral retrograde venograms, arterial angiography via a 5-French

FIG. 1. Algorithm for the diagnosis of Cushing’s disease from an
ACTH-dependent Cushing’s syndrome. IPSS is used when pituitary
MRI is unable to identify a likely ACTH-secreting adenoma.

FIG. 2. IPSS procedural algorithm used in each of the patients. We
attribute this systematic approach to the improved accuracy of laterali-
zation in our series. In the event of an IPS that cannot be cannulated
or visualized, we perform retrograde venography to determine the site
of primary drainage from the cavernous sinus. If this fails to identify an
optimal sampling location, we perform contralateral venography and
finally arterial angiography with delayed roadmapping.
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selective catheter through a right-sided 5-French sheath can be per-
formed with delayed roadmapping to identify the primary venous
drainage pattern of the cavernous sinus. A 5-French arterial sheath
is preferred on the right side to reduce the chance of fistulous compli-
cations by placing a sheath on the left side (where a larger 6-French
venous sheath is located) and to reduce infection risk because the
left represents the site of peripheral sampling. After placing the cathe-
ter into the IPS, cavernous sinus, or posterior venous plexus, venog-
raphy is used once more to confirm the position of the catheter. Ideal
catheter placement is in the anterior IPS or cavernous sinus, depend-
ing on the venous drainage pattern.16 If the patient had significant
anterior drainage that could not be sampled posteriorly, sampling
would be done through the external jugular vein or pterygoid plexus.
In the case of a venous plexus instead of an IPS, the catheter would
be advanced into the plexus or into the juncture where it meets the
internal jugular vein.

With bilateral sites of primary drainage catheterized, blood is
obtained from the peripheral site as well as the site of primary
drainage bilaterally at −5 minutes, 0 minutes (time of 1 mg/kg CRH
injection), 12 minutes, 15 minutes, and 110 minutes for a total of
6 mL in each specimen, which is divided in 2 aliquots. All central
and peripheral sampling is done simultaneously by 3 teams dedi-
cated to peripheral, right IPS, and left IPS sampling. To avoid con-
fusion, each dedicated team member wears a color-coded sticker
on their scrub hat that is matched to a colored sticker on the vial of
blood being collected and corresponding to a specific site. For
example, the team member drawing from the right IPS will wear a
blue sticker and inject blood into blue-stickered vials labeled −5
min, 0 min, 12 min, and so forth. The effect of different venous
flow rates on ACTH levels is compensated for by normalizing to
prolactin levels in each sample.10,11 After the collection of blood,
the location of each catheter is confirmed. Each catheter is then
removed, followed by removal of the guide catheters. Femoral vein
sheaths are removed, and manual compression is applied for 5
minutes on each side. In the setting where arteriography was
required, a percutaneous closure device was deployed to secure
the arterial access site before removing the venous sheath.

The ratio of central to peripheral ACTH and prolactin levels is
then calculated for each time point. Central/peripheral ACTH ratios
>2 (pre-CRH) and >3 (post-CRH) are used for determining a cen-
tral source of ACTH.4 The ratio of greatest central to peripheral
ACTH is then divided by the ratio of greatest central to peripheral
prolactin to achieve the normalized result.14 A central/peripheral
prolactin normalized ACTH ratio >1.3 is used as an additional indi-
cator for a central source of ACTH.10,11 A normalized ratio >1.4
between left and right is used as an indicator for laterality.2

Results
The results of IPSS in 7 patients and the resulting laboratory

test values along with predicted lateralization are shown in Table 1.
A total of 7 patients underwent this specified protocol, of whom 5
were female. Three patients presented with a small or questionable
pituitary microadenoma on MRI, and 4 others had no tumor
revealed by imaging. IPSS confirmed Cushing’s syndrome and was
consistent with the laterality of the microadenoma in all patients in
whom laterality was predicted. All patients who underwent surgery
had ACTH-producing adenomas on the basis of histopathology and
underwent hormonal cure.TA
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Patient 7 was determined not to have Cushing’s disease and
therefore did not undergo surgery. The cause of her Cushing’s syn-
drome remains undetermined. Of note, patient 4 initially underwent
surgery to resect a 5-mm left-sided T2-hyperintense lesion pre-
sumed to be an ACTH-secreting microadenoma but was found to
have a second lesion postoperatively that was consistent with IPSS
lateralization. The lateralization data gained from IPSS served to
provide further evidence to support the candidacy of the small T2
hyperintensity as a second adenoma, despite the rarity of such a
situation.

The upper limit of detection for ACTH at our institution is 1,250
pg/mL, making detection of the true peak ACTH above this level dif-
ficult, especially if the patient has an ACTH level >1,250 pg/mL
before CRH injection. In these cases, trends in raw ACTH levels
bilaterally were used to determine laterality because normalizing
with prolactin levels yielded misleading results in these patients,
given the higher upper limit of detection for prolactin (2,080 ng/mL).
This was relevant in patients 1 and 3, as depicted in Table 1. Accu-
rate lateralization of the tumor was achieved in all patients with
ACTH levels above the upper detection limit unilaterally. In patient
5, in whom the tumor did not lateralize, ACTH levels superseded
the upper limit of detection after CRH administration bilaterally. This
patient was found to have a left-sided tumor on surgical exploration,
and although IPSS did not show an intersinus gradient >1.4, it was
weighted toward the left side with an intersinus ratio of 1.25 in favor
of the left.

Illustrative Case 1
A 29-year-old male presented with medication-resistant hyper-

tension of 2 years’ duration. He was also experiencing persistent
hypokalemia, weight gain, and bruising. Work-up later revealed
Cushing’s syndrome. His sellar MRI showed a hypoenhancing focus
in the right posterior region of the pituitary gland, and he was sub-
sequently referred for IPSS. During the procedure, an IPS could not
be identified on either side on the basis of a venogram from the
jugular bulb. Arterial angiography was performed to assess the pri-
mary drainage patterns of the cavernous sinus. Venous phases of
the right carotid arterial angiogram revealed the right cavernous
sinus draining primarily into the pterygoid plexus anteriorly, with a

small IPS (Fig. 3A). With a delayed roadmapping technique, the
IPSs were identified bilaterally and cannulated. Given the significant
anterior drainage through the pterygoid plexus, the microcatheter
was advanced into the anterior compartment of the right cavernous
sinus to sample as close as possible to the site of primary drain-
age. A left vertebral arterial angiogram also revealed an atretic IPS
draining from the left cavernous sinus into the jugular bulb and was
determined to be the side of primary drainage. This could also be
visualized with a venogram from the contralateral side (Fig. 3B). A
microcatheter was then positioned at the junction of the internal jug-
ular vein and the IPS on the left (Fig. 3C). Sampling based on pro-
lactin-normalized ACTH and trends in raw ACTH confirmed
lateralization to the right.

After this, the patient subsequently underwent endoscopic endo-
nasal exploration of the right side of the pituitary gland, which
revealed an ACTH-secreting pituitary microadenoma. The patient
experienced no complications and achieved hormonal cure but was
later briefly readmitted for hyperkalemia caused by continuation of a
potassium-sparing diuretic after achieving hormonal cure. His post-
operative course was otherwise normal.

Illustrative Case 2
An otherwise healthy 33-year-old female presented with a history

of unexplained weight gain. After work-up, she was determined to
have Cushing’s syndrome, and MRI revealed a 3-mm T2 hyperin-
tensity at the left-central aspect of the gland, just inferior to where
stalk transitions to gland (Fig. 4A). IPSS was recommended due to
the small size of the lesion. Venography showed that her right cav-
ernous sinus drained primarily through a complex venous plexus
that emptied into the occipital plexus; the vertebrobasilar plexus;
and, to a lesser extent, the right sigmoid sinus (Fig. 4B). On the
basis of this information, the microcatheter was advanced through
the venous plexus into the right cavernous sinus. Had this not been
possible, sampling would have been done from within the venous
plexus or where the plexus met the internal jugular vein. Another
microcatheter was placed in the left IPS, which was hypoplastic but
could be cannulated (Fig. 4C). IPSS subsequently revealed Cush-
ing’s disease with strong lateralization to the right.

FIG. 3. A: Lateral projection of the venous phase of a right internal carotid artery digital subtraction angiogram showing ante-
rior drainage of the right cavernous sinus through the pterygoid plexus (red arrow). B: Posteroanterior (PA) view of a veno-
gram from the right cavernous sinus performed after identifying and cannulating the right IPS. An atretic left IPS can be
visualized (red arrow). C: PA view of final catheter sampling positions in the right cavernous sinus and left IPS–internal jugu-
lar vein junction (red arrows).
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After diagnosis, the patient underwent endoscopic transsphenoi-
dal resection of her microadenoma. The 3-mm T2-hyperintense
lesion previously seen on MRI was explored, and preliminary histo-
logical analysis of the frozen section was not consistent with an
adenomatous tumor. Due to the strong lateralization toward the right
determined from IPSS, the right aspect of the gland was then
explored for a possible tumor. During this extended exploration, a
clear focus of suspected tumor was encountered distant from the
imaging-based presumed location of tumor and removed. A frozen
section in this instance confirmed the findings of a pituitary microa-
denoma. Postoperatively, the patient had an uncomplicated course,
and subsequent cortisol levels demonstrated a hormonal cure.

Discussion
Observations

Our methods differ from previous ones due to systematic site
selection based on venous drainage rather than sampling from the
IPS by default. Although alternate sampling sites in IPSS are
known, there are no systematic approaches to selecting or identify-
ing sites for sampling previously described. The modifications to
IPSS presented here rely on knowledge of the physiology and var-
iations in venous anatomy of the IPS. Mere presence of the IPS
should not result in sampling the IPS by default. Venous drainage
of the cavernous sinus can be altered by the presence of a plexi-
form IPS, hypoplastic IPS, or significant anterior drainage of the
cavernous sinus through the pterygoid plexus.15,17 Although it has
been known that cavernous sinus drainage patterns can affect or
confound the results of IPS or cavernous sinus sampling, the algo-
rithm we use here to identify drainage patterns to determine optimal
sampling locations has not been described previously.18 The identi-
fication of the site of primary drainage allows targeted microcatheter
positioning to increase the probability of sampling with the highest
possible fidelity, thus allowing more accurate lateralization. Arteriog-
raphy may also be warranted in certain cases to delineate anatomy
that cannot be visualized through venography. Arteriographic
enhancement of venographic data should be considered in the set-
ting of hypoplastic petrosal sinuses because dominant antegrade
drainage through the pterygoid plexus may confound negative or
nonlateralizing findings. In such cases, strong consideration should

also be given to advancing the catheter to the anterior compartment
of the cavernous sinus to account for the influence of drainage on
local hormone levels. Although cavernous sinus sampling has been
shown in some studies to be equally as reliable as or less reliable
than IPSS in determining lateralization, these studies did not
account for variations in venous drainage before selecting sampling
sites as we have done.8,19 A recent large study of lateralization
using IPSS, which found a positive predictive value of 48% for later-
alization, did not select for optimal sampling sites based on the site
of primary drainage and defaulted to sampling from the IPS, regard-
less of venous drainage patterns.6 Other authors have reported
success with the concept of identifying the dominant drainage pat-
tern in a single patient, leading to successful lateralization based on
external jugular vein sampling.15

Lessons
The systematic approach to identifying cavernous sinus drainage

patterns and technical nuances presented here represent an
improvement over previously described approaches to IPSS. Varia-
tions in venous drainage are known to result in technical failure of
IPSS lateralization, and our approach aims to address this prob-
lem.9 By sampling from the sites of primary drainage rather than a
predetermined anatomical location, the confounding effect of asym-
metrical drainage on lateralization accuracy is reduced. We further
reduce the effect of systematic error by standardizing our methods
as outlined in the algorithm shown in Fig. 2. Although lateralization
with IPSS remains controversial, we believe that, with this algo-
rithm, it may become more accurate in patients with complex
venous anatomy by accounting for these variations.

As noted in the 2 case vignettes, after the careful anatomical
and physiological flow of the cavernous sinus was assessed for
using the algorithm, the information gained from IPSS proved to be
useful in the correct localization and the identification of additional
tumor in situations where initial MRI-based exploration failed to
identify the culprit lesion and achieve hormonal cure. The improved
lateralization of pituitary microadenomas greatly reduces the need
for blind explorations of the pituitary gland, thereby reducing the
morbidity of pituitary surgery. A low threshold for using IPSS in
cases of small or equivocal lesions on MRI can also minimize the
exploration for the actual tumor, should the lesion seen on MRI

FIG. 4. A: MRI of patient 6. Axial T2 MRI without contrast showing a small hyperintensity in a left-central location, just inferior
to the infundibulum (red arrow). This hyperintensity was determined not to be a tumor intraoperatively, prompting exploration
and identification of the microadenoma in the right pituitary gland. B: Lateral projection of a venogram of the right cavernous
sinus showing drainage through a complex venous plexus rather than a single IPS (red arrow). C: Posteroanterior view of
final catheter sampling positions showing placement in the right cavernous sinus and left IPS (red arrows).

J Neurosurg Case Lessons | Vol 2 | Issue 13 | September 27, 2021 | 5



prove to be false. We believe that the effective use of IPSS based
on the algorithm presented here has contributed to the achievement
of hormonal cure in all patients who underwent surgery. This was
approached at our institution in a multidisciplinary fashion to ensure
maximum benefit from surgery.

Limitations
Although the techniques presented here offer significant improve-

ment in the ability of IPSS to determine laterality, there remain
some limitations. Although this series demonstrates successful
catheterization of the cavernous sinus through variant anatomy
such as a venous plexus in place of the IPS, this may not always
be technically feasible. Laboratory limitations with respect to the
upper limits of detection of ACTH levels required additional analy-
sis of data to correctly lateralize in some patients. In the case of
patient 5, ACTH levels superseded the upper limit of detection at
multiple time points, which prevented accurate lateralization. Dilu-
tional studies may facilitate lateralization in cases of ACTH levels
above the limit of detection. Although IPSS is a useful technique
to diagnose Cushing’s disease in patients with negative or equivo-
cal MRI scans and in some instances help to lateralize the lesion,
the diagnosis of cyclical Cushing’s disease currently remains a
challenge.20
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