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Abstract

Objective: To evaluate the diagnostic accuracy of inferior petrosal sinus sampling (IPSS) in the
differential diagnosis of ACTH-dependent Cushing's syndrome as compared with pituitary imaging
techniques.
Design and Methods: We retrospectively studied the diagnostic accuracy of basal and post
corticotropin-releasing hormone (CRH) IPSS, magnetic resonance imaging and computed tomo-
graphy in distinguishing pituitary from ectopic ACTH secretion in 97 Cushing's syndrome patients:
74 with Cushing's disease (CD) and 10 with ectopic ACTH secretion (EAS). Thirteen patients were
excluded because of unconfirmed diagnosis. The difference between IPSS and pituitary imaging
techniques in the correctly localized pituitary adenoma in the patients with CD was also investigated.
Results: The basal ACTH inferior petrosal sinus:periphery (IPS:P) ratio was $ 2 in 63/74 patients
with CD (85%), and in 1/10 EAS patients (10%); after stimulation with CRH, the ratio was $ 3 in 60/
68 patients with CD (88%) and , 3 in all patients with EAS.

The basal and post-CRH ACTH IPS:P ratios had a diagnostic accuracy of 86% and 90% respectively.
The diagnostic accuracy of IPSS with both ratios was significantly higher than magnetic resonance
imaging (50%) and computed tomography (40%). The IPS:P ratio suggested by receiver-operator
characteristic (ROC) analysis that better distinguished CD from EAS was 2.10 for the basal and 2.15
for the post-CRH ratios. Using these cut-offs, the specificity of basal ratio and the sensitivity of the
post-CRH test rose to 100% and 93% respectively. Diagnostic accuracy remained substantially
unchanged for the basal ratio (87% vs 86%), while it rose from 90% to 94% for the post-CRH ratio.
The sensitivity of IPSS was significantly higher than that of magnetic resonance and computerized
tomography.

IPSS was less reliable in identifying the adenoma site found at surgery than magnetic resonance
imaging or computed tomography (65% vs 75% and 79% respectively).
Conclusion: In conclusion, IPSS improved the diagnostic performance of imaging techniques. It can
help in excluding transsphenoidal surgery in EAS patients. More striking results were obtained when
a $ 2:1 : 1 basal ratio or a $ 2:15 : 1 post-CRH ratio were considered as criteria to distinguish
between patients with CD and EAS. To establish correctly the location of the pituitary adenoma, IPSS
is less reliable than imaging techniques.
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Introduction

Pituitary-dependent hypercortisolism accounts for over
70% of cases of Cushing's syndrome (1, 2). The
differentiation between pituitary and ectopic adreno-
corticotropin (ACTH) secretion is one of the most
complex diagnoses in endocrine practice, and requires
the integrated evaluation of biochemical tests and
imaging techniques, none of which has a 100%
diagnostic accuracy (3). The inferior petrosal sinus

(IPS) sampling (IPSS) was devised in an attempt to
improve the diagnostic work-up of Cushing's syndrome
(4±6). The rationale of this technique is that the
pituitary gland drains directly into the IPSs, which are
uncontaminated by blood deriving from different
sources. Therefore, in Cushing's disease (CD), the
concentration of ACTH is expected to be higher in the
IPS draining the hemi-hypophysis bearing the tumor
than in the contralateral IPS or in peripheral vessels
(4±6). A ratio between IPS and peripheral basal ACTH
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concentrations (IPS:P ratio) of 2:1 or greater is
classically considered indicative of CD (6). If cortico-
tropin-releasing hormone (CRH) is used to stimulate
ACTH secretion during IPSS, an IPS:P ratio of 3:1 or
greater is classically considered indicative of CD (6). In
addition, a ratio between the right and left IPS of 1.4 or
greater indicates that the adenoma is located on the
corresponding side (7).

In early studies, IPSS was demonstrated to be a safe
procedure (the only quite frequent untoward effect
being transient ear discomfort) with an extremely high
sensitivity and specificity, up to 100% (6), in differ-
entiating pituitary from ectopic ACTH hypersecretion.
Therefore, it was suggested that IPSS should be
performed in all cases of suspected CD without
radiological evidence of a pituitary tumor and in
cases of suspected EAS without tumor visualization.
In later studies, IPSS was demonstrated to be less
reliable than formerly believed (3, 8±15) in the
differential diagnosis of Cushing's syndrome. Moreover,
IPSS was reported to predict the intra-pituitary tumor
site with only an average 78% diagnostic accuracy (3,
16).

In this retrospective study, we re-evaluated the
diagnostic accuracy of IPSS in 97 patients with ACTH
hypersecretion admitted to various Endocrine Depart-
ments in Italy participating in a multicenter study of
Cushing's syndrome.

Patients and methods

Patients

Ninety-seven patients were referred to the 20 partici-
pating centers between 1980 and 1998 for diagnosis
and treatment of ACTH-dependent hypercortisolism. In
all the patients IPSS had been correctly and success-
fully performed, i.e. with catheterization of both IPSs,
after informed consent was obtained from all patients.
Of the 97 patients, 74 (54 females, 20 males), aged
between 12 and 64 years, had a confirmed diagnosis of
CD, while EAS was ascertained in 10 patients (7 females,
3 males), aged between 18 and 65 years (Table 1). In

the remaining 13 patients, CD was not confirmed by
surgical and/or radiotherapy outcome and they were,
therefore, excluded from the study. However, 12 of
these patients had an endocrine profile suggestive of CD
and 1 had an endocrine profile suggestive of EAS.

The criteria consistent with the diagnosis of ACTH-
dependent Cushing's syndrome were: (1) increase of
daily urinary cortisol excretion; (2) increase of basal
serum cortisol concentrations with lack of the physio-
logical circadian rhythm and inappropriately elevated
plasma ACTH levels; (3) absence of urinary and serum
cortisol suppression after low-dose dexamethasone test.
A decrease in urinary or serum cortisol levels greater
than 50% of baseline values after high-dose dexa-
methasone test and an increase of plasma ACTH levels
after 100 mg CRH greater than 50% of baseline values
suggested the diagnosis of Cushing's disease rather
than ectopic ACTH syndrome.

The final study population consisted of 74 patients
with CD and 10 patients with EAS.

The diagnosis of CD or EAS was confirmed in the
current study in accordance with Invitti et al. (17), by
the following criteria: (a) The removal of a pituitary
tumor at transsphenoidal surgery with pathology
indicative of adenoma or hyperplasia, and positive
immunohistochemical ACTH staining (69 subjects)
was considered diagnostic of CD. (b) If no pituitary
tumor was identified during transsphenoidal surgery, a
pituitary source of ACTH was considered proven in
patients who showed clinical and hormonal remission
of hypercortisolism after transsphenoidal surgery or
pituitary irradiation (5 subjects). In fact, a considerable
proportion of patients with CD may display normal
pituitary histology (18). (c) EAS was proven in patients
who underwent resection of an extra-pituitary tumor
with positive staining for ACTH (10 subjects).

All centers participating in the study were required
to record the IPS:P ratio and the inter-sinus ACTH ratio
before and 2, 5, 10 and 15 min after the administra-
tion of 100 mg ovine or human CRH, as well as the
results of pituitary imaging, pituitary surgery, patho-
logical studies of the pituitary adenoma and success of
the surgical treatment. The basal ACTH IPS:P ratio was
available in all 84 patients, while the post-CRH ACTH
IPS:P ratio was available in 78 (68 CD and 10 EAS)
patients. The basal inter-sinus ratio was available in all
74 patients with CD.

Pituitary magnetic resonance and computerized
tomography imaging were available in 70 and 42
patients respectively.

Pituitary surgery was successful in 62 of 74 patients
with CD (84%). Prolonged follow-up (at least 12
months) was recorded in all patients.

IPSS procedure

All the centers participating in this study used the
standard IPSS technique described by Oldfield et al. (6).

Table 1 Patients' profile. Data are presented as the mean ^ S.E.

Cushing's
disease

Ectopic ACTH
secretion

Age (year) 39.3 ^ 7.2 35.5 ^ 8.6
Sex

% female 73 70
% male 26 30

Hormonal assay
Urinary free cortisol 242 ^ 25.2 308 ^ 41.1
Basal serum 0800 h cortisol 194.1 ^ 24 265.1 ^ 28
Basal plasma 0800 h ACTH 63.1 ^ 10 99 ^ 8.5

Hormonal values are expressed as percent of the upper limit of the normal
range.
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Briefly, bilateral and simultaneous IPSS was performed
using a percutaneous approach, after systemic anti-
coagulation with heparin. Contrast medium was
injected to verify the position of the catheters in the
IPS. ACTH was measured in blood simultaneously
obtained from the IPS and from a peripheral vein.
Ovine or human CRH (100 mg) was then infused
(1 min) into a peripheral vein, and 2-, 5- and 10-min
samples were obtained simultaneously from both the
IPSs and the peripheral vein. Retrograde venography
was performed through each catheter after blood
sampling to verify correct position of the catheter. The
ACTH concentration ratio between the right and left
IPSs and peripheral blood was calculated for each set of
samples, and the maximal ratio (right or left sinus)
identified. A maximal ratio of $ 2 before or $ 3 after
CRH stimulation indicated Cushing's disease. To estab-
lish lateralization of the adenoma in Cushing's disease,
the right and left IPS or vice versa ACTH ratio, i.e. the
inter-sinus ratio, was calculated. A maximal ratio of
$ 1:4 either before or after CRH stimulation predicted
the side of the pituitary adenoma.

Adverse events included ear discomfort in 65% of
cases and hematoma at the site of catheter insertion in
8% of cases.

Imaging procedures

Pituitary imaging was performed by computerized
tomography and/or magnetic resonance, as described
by Invitti et al. (17). A pituitary tumor was diagnosed
when a focal defect was identified, either isolated or
associated with swelling of the sellar diaphragm or
deviation of the pituitary stalk.

Assays

Plasma ACTH concentrations were measured in-house
by each center using commercially available radio-
immunoassays (Byk Gulden, Dietzenbach, Germany;
Medgenix, Brussels, Belgium; Sorin, Saluggia, Italy;
INCSTAR Corp., Stillwater, MN, USA; intra- and
interassay coefficients of variation ranged from 5.5 to

9.5% and from 5.8 to 12.5% respectively; sensitivity, 8
or 10 pg/ml) or immunoradiometric assays (Nichols,
San Juan Capistrano, CA, USA; CIS-Bio International,
Gif-sur-Yvette Cedex, France; intra- and interassay
coefficients of variation ranged from 2.1 to 5.3% and
from 3.1 to 8.9% respectively; sensitivity, 2 or 5 pg/ml).
Serum and urinary cortisol levels were measured by
commercially available RIAs. Since different reference
ranges were reported by each center, baseline ACTH
and serum and urinary cortisol concentrations were
considered as a percentage of the upper limit of the
normal range.

Statistical analysis

The SPSS package for Windows version 8.0 (Cary, NC,
USA) was used for statistical analyses. Sensitivity,
specificity, diagnostic accuracy, and positive and
negative predictive values of tests were calculated
according to standard statistical formulas. The compari-
son between the categorical data were performed by x2

test with the Yates correction or Fisher's exact test
where appropriate. The P values were given for these
analyses. Significance was set at 5%. IPS:P ratios were
evaluated by receiver-operator characteristic (ROC)
curves to determine optimal diagnostic cut-offs.

Results

Hormonal data

Basal plasma ACTH, serum cortisol and urinary free
cortisol concentrations were higher in patients with
EAS than in those with CD (Table 1), but a large
overlap existed between groups (Fig. 1).

IPSS results (Table 2)

The basal ACTH IPS:P ratio was $ 2 in 63 of 74 CD
patients and was , 3 in 9 of 10 EAS patients. Upon
stimulation with CRH, the ACTH IPS:P ratio was $ 3
in 60 of 68 CD patients and , 3 in all 10 EAS patients
(Fig. 2). Among the 78 patients submitted to both basal
and stimulated IPSS, the basal ACTH IPS:P ratio was

Table 2 Diagnostic performance of basal and post-CRH IPSS, magnetic resonance and computed tomography in the differential diagnosis
of ACTH-dependent Cushing's syndrome.

No. of
patients

Sensitivity
(%)

Specificity
(%)

Diagnostic accuracy
(%)

Positive predictive
value
(%)

Negative predictive
value
(%)

Basal IPS:P ratio $2 84 85a,b 90 86e,f 98 45
CRH IPS:P ratio $3 78 88c,d 100 90g,h 100 55

Magnetic resonance 70 45 87 50 96 17
Computed tomography 42 37 75 40 93 11

ax2 � 4:403; P , 0:05; bx2 � 4:911; P , 0:05; cx2 � 4:820; P , 0:05; dx2 � 5:284; P , 0:05; ex2 � 3:751; P , 0:05; fx2 � 4:615; P , 0:05;
gx2 � 4:375; P , 0:05; hx2 � 5:181; P , 0:05:
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$ 2 or the post-CRH ratio was $ 3 in 65 of 68 CD
patients, and it was , 2 at basal assessment or , 3 at
post-CRH assessment in all 10 EAS patients.

Imaging techniques results (Table 2)

Of the 70 patients for whom pituitary magnetic
resonance was performed, micro- and macroadenoma
were detected in 27 patients and 1 patient, respectively,
of the 62 with proven CD. A microadenoma was
detected in 1 of 8 patients with EAS. No tumor was
detected in the remaining 34 CD patients or 7 EAS
patients. Of the 42 patients with pituitary computerized
tomography findings, micro- and macroadenoma were
identified in 13 and 1, respectively, of the 38 patients
with proven CD. A microadenoma was detected in 1 of
4 patients with EAS. No tumor was found in the
remaining 24 CD patients or 3 EAS patients.

IPSS vs pituitary imaging techniques
performance (Table 2)

IPSS had a significantly higher sensitivity and diag-
nostic accuracy than pituitary imaging. The post-CRH
ACTH IPS:P ratio had a diagnostic accuracy higher
than the basal ratio. Specificity, and negative and
positive predictive values were not significantly differ-
ent for IPSS and pituitary imaging.

ROC analysis

The IPS:P ratio that better distinguished CD from EAS
was 2.1:1 for the basal ratio and 2.15:1 for the post-
CRH ratio (Fig. 3). Using these cut-offs, the specificity of
the basal ratio and the sensitivity of the post-CRH test
rose to 100% and 93% respectively (Table 3).
Diagnostic accuracy remained substantially unchanged
for the basal ratio (87% vs 86%), while it rose from
90% to 94% for the post-CRH ratio (Table 3).

Figure 1 Plasma ACTH levels in patients with ACTH-dependent Cushing's syndrome, expressed as a percentage of the upper limit of the
normal range.
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Figure 3 Maximal ratio of ACTH levels in one inferior petrosal sinus and in the periphery (IPS:P) upon stimulation with CRH in patients
with Cushing's syndrome. The dashed lines identify the IPS:P values 2, 2.15 and 3 respectively.

Table 3 Diagnostic performance of basal, post-CRH and cumulative IPSS in the differential diagnosis of ACTH-dependent Cushing's
syndrome: standard cut-offs ($ 2, $ 3 for basal and CRH IPS:P ratio respectively) compared with cut-offs resulting from ROC analysis
($ 2.1, $ 2.15 for basal and CRH IPS:P ratio respectively).

No. of
patients

Sensitivity
(%)

Specificity
(%)

Diagnostic
accuracy

(%)

Positive predictive
value
(%)

Negative predictive
value
(%)

Basal IPS:P ratio $2 84 85 90 86 98 45
CRH IPS:P ratio$3 78 88 100 90 100 55
Basal $2 or CRH $3 IPS:P ratio 78 96 100 96 100 77

Basal IPS:P ratio $2.1 84 85 100 87 100 48
CRH IPS:P ratio $2.15 78 93 100 94 100 67
Basal $2.1 or CRH $2.15 IPS:P ratio 78 96 100 96 100 77

Figure 2 Maximal ratio of ACTH levels in one inferior petrosal sinus and in the periphery (IPS:P) in patients with Cushing's syndrome. The
dashed lines identify the IPS:P values 2 and 3, for the basal and the post-CRH ratios respectively.
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In the 78 CD patients with both basal and stimulated
IPSS findings, the cumulative diagnostic accuracy was
slightly but not significantly higher than that of the
basal or the post-CRH IPSS alone (Table 3).

Tumor lateralization

An ACTH inter-sinus ratio . 1:4 was found in 58% of
patients, either at basal evaluation or after CRH
stimulation. The site of the adenoma as predicted by
IPSS, magnetic resonance and computerized tomo-
graphy was in agreement with surgical evidence in
65%, 75% and 79% of cases respectively. Concordance
between basal and post-CRH inter-sinus gradients was
87%. Among the 5 discordant cases, the affected side of
the pituitary gland was correctly predicted by the basal
inter-sinus gradient in 3 cases and by the post-CRH
inter-sinus gradient in the remaining 2 cases.

No significant correlation was found between either
basal or post-CRH ACTH IPS:P gradient and surgical
success.

Discussion
In this retrospective multicenter study, the sensitivity
and specificity of IPSS in CD and EAS are considerably
higher than pituitary imaging procedures. Those
results are in line with previous data (3). However,
the basal and post-CRH ACTH IPS:P ratios that better
distinguished between pituitary and ectopic ACTH
secretion were closer to those proposed by Findling
(5) than to those subsequently reported by Oldfield and
classically used in most reports on IPSS accuracy (6).
Conversely to that previously reported, in this study
CRH compared with basal evaluation did not improve
significantly the diagnostic accuracy of IPSS. Radio-
logical imaging, although less sensitive than IPSS in
diagnosing CD, was more accurate than IPSS in
localizing the intra-pituitary site of the tumor. As the
present study was a multicenter one, it has to be
considered that different IPSS operators were involved
and different CRH preparations and hormonal assay
procedures were used in each of the centers participat-
ing in the study.

Pituitary imaging, and even the newly introduced
dynamic magnetic resonance procedures, fail to
identify pituitary tumors in as many as 50% of CD
patients (19, 20). This is probably due to the very small
size of ACTH-secreting adenomas. Selective sampling
from the IPS was a welcome addition to the diagnostic
tools in ACTH-dependent hypercortisolism (4, 5). IPSS
was reported to have high specificity and positive
predictive value (6, 21±23), although false positive
results have also been reported (12, 15). These could be
due to the lack of hypercortisolism when IPSS was
performed, due to cyclical secretion of CRH/ACTH, or
application of cortisol-lowering drugs, which de-
suppress the normal corticotroph population and

increase the sensitivity of ACTH to CRH administration.
Furthermore, concomitant secretion of ACTH and CRH
by a neuroendocrine tumor may also result in
biochemical tests and IPSS outcomes consistent with
CD (15). In the current study, no false positive cases
were found. Among the 10 patients with EAS, only one
was not correctly identified using the basal ACTH IPS:P
ratio, resulting, instead, in being correctly diagnosed
using the post-CRH ACTH IPS:P ratio. However,
specificity was raised from 90% to 100% when the
2.1:1 instead of the 2:1 ratio was adopted. In this study,
the diagnostic accuracy of both basal and post-CRH
IPSS was not significantly different, although it was
higher in the first than in the second case. This result
was confirmed when the cut-offs suggested by the ROC
analysis were utilized.

In the current study, IPSS had a significantly higher
sensitivity than conventional imaging procedures. IPSS
also had a negative predictive value higher than the
imaging procedures, although the resulting difference
was not significant. However, the prevalence of
misdiagnosed CD patients was still higher compared
with that reported by the most important studies (3). It
may be argued that our data could have been distorted
by the exclusion of 13 patients with unconfirmed
diagnosis. When these patients were classified accord-
ing to the results of high-dose dexamethasone suppres-
sion test and CRH stimulation test, the results of IPSS
confirmed the diagnosis of CD in 12 of them. Thus, the
diagnostic accuracy of IPSS calculated for the 97
patients as a whole was identical to that calculated in
the subgroup of 84 patients (87% vs 86%). Anyway,
the possibility that an incorrect use or interpretation of
biochemical and hormonal tests performed before the
IPSS could have influenced the IPSS outcome in such a
large cohort of patients cannot be excluded.

How can the false negative results of IPSS be
explained? Doppman et al. (24), reviewing retrograde
IPS venograms of 501 patients with surgically proven
CD and negative pituitary imaging, reported that all the
patients with false negative results had a hypoplastic or
plexiform IPS ipsilateral to the adenoma. An alternative
explanation is a potential additional drainage through
the portal sinuses, ascending through the pituitary
stalk into the hypothalamus (25). Thus, sampling
errors may occur due to dilution of pituitary blood from
non-pituitary sources consequent to extensive anasto-
mosis between the IPS and the basilar venous plexus,
retrograde drainage of superior petrosal sinus, or
misplaced catheters (26). Therefore, even when venous
angiography shows correct positioning of the catheter,
there is no definitive proof of correct sampling of
pituitary blood from both IPSs. When the new cut-offs
suggested by ROC analysis were used, only a modest
improvement of sensitivity and negative predictivity
was observed, demonstrating that false negative results
affect IPSS performance in any case, probably due to
the above-mentioned anatomical anomalies. Since IPS
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venograms were not performed in each patient in our
study, our results can neither confirm nor deny the
previous hypotheses.

To ameliorate the diagnostic power of IPSS we
calculated the cumulative diagnostic accuracy. This
appeared to be a more reliable test than the single basal
or stimulated ratio, because the patients with proven
CD not recognised by $ 2 basal gradient or $ 3 post-
CRH gradient were reduced to only 3 among 68. This
result was obtained using both the standard cut-offs
and those obtained by the ROC analysis. Therefore, the
CRH test, introduced in the IPSS procedure to create an
ACTH pulse and thus minimize the IPS:P ratio
distortion due to interpulse intervals (6, 27), seems to
achieve the maximal sensitivity, negative predictivity
and diagnostic accuracy when the cumulative response
to both basal and stimulated test was used. The
diagnostic accuracy of IPSS seems to be further
improved by using a combined stimulus with CRH
and desmopressin (28).

The diagnostic accuracy of IPSS in identifying the
side of the pituitary tumor was 65% in the current
study, slightly lower than previously reported (3, 16).
However, controversial results have been reported on
this issue. IPSS was unsuccessful in several studies and
highly successful in others (3, 16). A partial explana-
tion for this discrepancy could be the mixing of blood
from the two sides of the anterior pituitary (26).
Recently, it was reported that cavernous sinus veno-
graphy revealed asymmetric drainage from cavernous
sinuses to IPSS (29). In most cases, this causes blood
drainage from both cavernous sinuses into a single IPS,
thereby distorting the result of the inter-sinus ratio.
Mamelak et al. (29) reported that IPSS correctly
indicated the position of the tumor in all patients
with symmetric drainage. Therefore, cavernous veno-
graphy has been proposed for all patients undergoing
venous sampling of ACTH (29). Cavernous sinus
sampling has been reported to be a better predictor of
the intra-pituitary tumor localization and to have the
same accuracy as IPSS in differentiating between
pituitary and ectopic ACTH secretion (30, 31). How-
ever, because of its higher cost and greater risk of
adverse events, cavernous sinus sampling is not
recommended at present (32).

Reversal of the inter-sinus ratio between pre- and
post-CRH values has been reported (7, 10, 33): in our
series basal vs post-CRH inter-sinus ratio concordance
was found in 87% of cases. Among the 5 cases with
reversed inter-sinus ratio, the correct side was indicated
by the basal ratio in 3 cases. The CRH test did not
significantly improve the diagnostic accuracy of ade-
noma localization. Taken together, these results con-
firm that IPSS is less reliable than magnetic resonance
and computerized tomography in predicting the loca-
tion of the adenoma in the pituitary gland.

Because IPSS is an invasive test, it should be used
with caution. Although extremely rare (prevalence

about 0.2%), brain-stem vascular damage and tran-
sient or permanent neurological impairment can occur
(34, 35). However, in most cases, IPSS causes only
minor complications such as hematomas, vasovagal
reaction (36) or transient ear discomfort. Because
hypercortisolemic patients have notable vascular fra-
gility and dramatically increased blood coagulability
(37, 38), heparin should be given to prevent thrombo-
tic events. Injury to the vascular wall with subsequent
thrombosis is the hypothesized cause of venous
thromboembolism after IPSS in one patient (39, 40).
Given the unlikely but possible fatal complications, IPSS
should be performed in centers experienced in the
technique, where the safety of this procedure is greatly
elevated.

In conclusion, this multicenter study on the diag-
nostic accuracy of IPSS in CD showed that IPSS has a
high specificity; thus no patient with extra-pituitary
Cushing's syndrome risks being submitted to trans-
sphenoidal surgery, although there is a percentage of
false negative results. Hence, caution must be exerted
in excluding CD in the presence of hormonal and
radiological findings consistent with this diagnosis (22,
41). On the basis of the ROC analysis, we suggest that
all subjects with $ 2:1 : 1 basal ratio or $ 2:15 : 1
post-CRH ratio are considered as true positives. The
lateralizing gradient can guide the surgeon to the
correct side of the pituitary gland affected by the tumor,
taking into consideration that the indication is
mistaken in 35% of cases. IPSS did not predict surgical
outcome. Therefore, IPSS is useful to distinguish CD
from EAS, but it should be restricted to cases with
conflicting hormonal and radiological findings. Finally,
although rare, severe adverse reactions can occur
during the procedure and thus IPSS should be
performed only in specialized referral centers.
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