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Context: Pituitary adenomas in Cushing disease (CD) are usually 
small and difficult to visualize. Bilateral inferior petrosal venous 
sampling (BIPSS) before and after ovine CRH stimulation is reserved 
for patients who have ACTH-dependent Cushing syndrome and neg­
ative magnetic resonance imaging (MRI) or positive MRI but incon­
sistent biochemical data. 

Objective: The objective of the study was to evaluate the usefulness 
of BIPSS as a tool for localization of a pituitary adenoma in children 
with CD. 

Design: The study was a retrospective review of the records of 141 
children who were admitted for evaluation of CD from 1982 to 2004. 

Setting: The study was conducted at a tertiary care center. 

Interventions and Outcome Measures: Lateralization of ACTH 

secretion during BIPSS was compared with MRI and surgical findings 
for the localization of a microadenoma. 

Results: A total of 94 patients, 49 males and 45 females with an age 
range of 5.3 to 18.7 yr (13 : 3.2 yr), underwent BIPSS. Localization 
of a microadenoma by BIPSS agreed with surgical location in only 58% 
of the cases (95% confidence interval, 43–66). The combined use of 
information from the MRI and inferior petrosal venous sampling did 
not predict the location of the tumor more frequently than MRI alone 
(P > 0.1), which in this study localized a lesion in 39% of the patients 
(95% confidence interval, 28–50). The procedure was completed suc­
cessfully in all patients, and no serious complications were recorded. 

Conclusions: Although BIPSS was safe and well tolerated in an 
experienced center, lateralization of the ACTH gradient during 
BIPSS was a poor predictor of the site of the adenoma in children with 
CD. (J Clin Endocrinol Metab 91: 221–224, 2006) 
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UNLIKE ADULT PATIENTS, the incidence of a pituitary 
incidentaloma in children is less than 6% (1–3). Cor­

ticotropinomas are the second most frequent pituitary ade­
nomas in children and adolescents (4, 5) and are the most 
frequent cause of endogenous Cushing syndrome (CS) in 
children. Endogenous CS is rare in children and adolescents. 
Its general incidence is about two to five new cases per 
million per year, and only 10% of these occur during child­
hood and adolescence (5, 6). ACTH-dependent CS is caused 
by a pituitary adenoma or ectopic ACTH or CRH secretion. 
In older children, the probability of a pituitary adenoma 
causing CS, e.g. Cushing disease (CD), exceeds 80%; it is 
somewhat less likely in prepubertal years (6). However, pi-

tuitary adenomas in CD are usually small: over 90% of them 
are microadenomas (smaller than 1 cm in greatest diameter). 
This is one of the reasons that magnetic resonance imaging 
(MRI) often fails to detect the lesion (5, 6). Bilateral inferior 
petrosal sinus sampling (BIPSS) generally is reserved for 
patients who have ACTH-dependent CS and a negative MRI 
or a positive MRI but inconsistent with CD data (7–9). BIPSS 
is not needed for further confirmation of a pituitary tumor in 
a child with a positive MRI and consistent with CD bio­
chemical data because the incidence of incidentalomas in 
children is so small (1–3). In the remaining patients, however, 
BIPSS is used because it is the most sensitive test for the 
exclusion of ectopic ACTH production (8 –11); its sensitivity 
and specificity in confirming pituitary ACTH production, 
especially when used in conjunction with ovine (o) CRH 
stimulation exceeds 95% (8 –14). 

BIPSS has also been used for the purpose of lateralization 
of a pituitary adenoma to one or the other side of the pituitary 
gland, thus guiding the surgeon during transsphenoidal sur­
gery (TSS) (7–15). Sensitivity for lateralization by BIPSS has 
been reported to be up to 60–90% before and after oCRH 
stimulation (7, 11–13). Information on BIPSS in children is 
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limited (7, 14). The purpose of the present investigation was 
to address specifically the use of BIPSS as a tool for local­
ization of a pituitary adenoma. 

Patients and Methods 

Patients 

The records of 141 children who were admitted to the National 
Institutes of Health (NIH) Warren Magnuson Clinical Center between 
the years 1982 and 2004 for the work-up and treatment of CD were 
reviewed; 94 of 141 (49 males and 45 females) met the following criteria: 
1) consistently elevated urinary free cortisol and 17-hydroxy-steroid 
(17OHS) levels before treatment and their normalization after TSS; and 
2) a negative pituitary MRI preoperatively or, for patients that had a first 
operation elsewhere (see below), a consistently negative imaging study 
throughout their evaluations or a positive MRI but inconsistent bio­
chemical data. The National Institute of Child Health and Human 
Development (NICHD)/NIH clinical center institutional review board 
approved these studies under protocol 97-CH-0076; older data were 
derived from patients studied under protocol 82-CH-0045. Assent (from 
older children) and informed consent were obtained from patients and 
their parents, respectively. 

MRI of the pituitary gland 

MRIs were obtained using a 1.5 T scanner (Signa; General Electric, 
Milwaukee, WI). Coronal precontrast T1-weighted spin echo images 
were obtained, as we have described elsewhere; all spin echo-MRI stud­
ies were repeated after iv administration of gadolinium contrast material 
(15, 16). 

BIPSS procedure and data analysis 

The procedure involved catheterization of both femoral veins using 
4F catheters that were inserted into the right and left femoral veins and 
advanced to the ipsilateral petrosal sinuses. The location of the catheters 
was confirmed radiologically by injection of radiopaque solution, as we 
have described elsewhere (8). Peripheral blood samples were obtained 
from a sheath in one of the femoral veins. Bilateral central and peripheral 
blood samples were simultaneously taken for measurement of ACTH 
levels before (-5, -1, and 0 min) and after (+3, +5, and +10 min) iv 
administration of 1 {g/kg oCRH. Systemic anticoagulation with heparin 
was routinely used. The procedure was performed most frequently 
under general anesthesia, although not always. 

A central to peripheral (C/P) ACTH level ratio was calculated as 
previously suggested by Oldfield et al. (8, 9): a ratio of pre-oCRH ad­
ministration of 2.0 or more and/or a C/P ratio of 3.0 or more post-oCRH 
were considered evidence for the presence of a pituitary corticotropi­
noma. The ACTH levels were considered to indicate lateralization, if the 
interpetrosal sinus gradient (IPG) of the highest ACTH levels at the same 
time point was more than 1.4 (8, 9). An IPG ratio less than 1.4 was 
considered as evidence of lack of lateralization and was used as evidence 
of a midline lesion (10). In two patients, only baseline ACTH values 
during BIPSS were obtained; in another, only post-oCRH ACTH levels 
were available. 

Surgical and histopathological data analysis 

All 94 subjects underwent TSS at the NIH Warren Magnuson Clinical 
Center, as described elsewhere (6, 7). Transcribed notes from the oper­
ation along with histopathological description were used for designation 
of the site of the adenoma and data analysis. In this study we included 
only patients with definite histopathological confirmation of an ACTH-
producing tumor: in 70 patients a tumor was clearly identified and 

selectively excised during surgery; the ACTH-producing microadenoma 
was confirmed by immunohistochemistry and the surgical borders 
and/or extent of disease were defined. These patients were cured post­
operatively. In the remaining 24 patients, an adenoma was not identified 
at surgery; even though all of them were eventually cured (data not 
shown), they were excluded from the analysis of BIPSS data with regard 
to their use in localizing a pituitary tumor because there was no definite 
information on where the lesion was. 

Hormone assays 

Plasma ACTH was measured, as previously described (6, 7, 12). The 
intra- and interassay coefficients of variation were 5.4 and 10.5%, re­
spectively. Other hormonal measurements for the establishment of the 
diagnosis of CS/CD and follow-up of the patients were obtained as we 
have described in other reports (8, 14) 

Statistical analysis 

The sensitivity for the diagnostic tests (BIPSS, MRI studies) was 
calculated, considering the surgical data as the gold standard for the 
location of an adenoma. Differences between the parameters were as­
sessed by a sample test of proportions. Confidence intervals (CI95) were 
determined for sensitivity as previously described (17) according to the 
efficient-score method (corrected for continuity). P < 0.05 was consid­
ered significant. Statistical analysis was performed with the Statistical 
Package for the Social Sciences (SPSS, Inc., Chicago, IL). 

Results 

BIPSS and diagnosis of CD 

There were 49 males and 45 females (75 Caucasian, seven 
African-American, and 12 Hispanic) with a mean age of 13 : 
3.2 yr (range 5.3–18.7), who underwent simultaneous bilat­
eral BIPSS and met the criteria of the study. For results of 
BIPSS, see Table 1. Pre-oCRH maximal C/P ratios were 
greater than 2 in 83 patients (83 of 92; mean 12.4; range 
2.2–74.8; sensitivity 90% with a CI95 82–95). Post-oCRH stim­
ulation 88 patients (88 of 91) showed a maximal C/P ratio 
greater than 3 (sensitivity 97%, CI95 90 –99). The mean C/P 
ratio after oCRH was 26.7 (3.2–114.9); this was significantly 
higher than the basal C/P ratio (P < 0.001). One subject had 
a C/P ratio of greater than 2 at baseline but not greater than 
3 after oCRH stimulation. Thus, 91 of 93 patients had a 
diagnostic C/P ratio either before or after oCRH; one of the 
two remaining patients was not cured by TSS. Thus, the 
sensitivity of BIPSS in identifying a pituitary source of ACTH 
production was 98% (91 of 93; CI95 92–100) in these series, 
which, however, did not include a single patient with con­
firmed ectopic source of ACTH production. 

TABLE 1. Sensitivity and 95% confidence interval of BIPSS results in children and adolescents with CD 

ACTH measurement Group Criterion Patients Sensitivity 95% CI 

Pre-oCRH All patients C/P ratio > 2 83/92 90 (82–95) 
Post-oCRH only All patients C/P ratio > 3 88/91 97 (90 –99) 
Pre- and post-oCRH combined All patients C/P ratio > 2 or C/P ratio > 3 91/93 98 (92–100) 

IPG and lateralization 

Overall, lateralization of ACTH levels by a baseline IPG 
greater than 1.4 agreed with surgical location of the pituitary 
corticotropinoma in 60% (35 of 58, CI95 47–62) of the cases in 
whom a tumor was localized at surgery (Table 2). After 
oCRH stimulation, an IPG of 1.4 or greater predicted the site 
of the pituitary lesion in 58%, CI95 46–70) of the cases. Lat-
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eralization of ACTH secretion was more frequent in the right 
side 66% (38 of 58) than on the left 34% (20 of 58) (P = 0.001). 
Lateralization on the right side correctly identified the loca­
tion of a tumor in 78% (21 of 27) of the cases, whereas 
lateralization on the left side was correct in 56% (14 of 25) of 
the patients (P = 0.09). After oCRH stimulation, there were 
no differences in the sensitivity of the two lateralizing sides 
in predicting the location of a tumor: 70% for the left side and 
67% for the right (P = 0.14). Before oCRH, 33% (three of nine) 
cases had an IPG less than 1.4 and a midline lesion on MRI 
(CI95 12–64); this decreased to 22% (two of nine) after oCRH 
stimulation (CI95 6–55). 

Overall sensitivity of MRI in the location of a pituitary 
adenoma was only 39% (27 of 70, CI95 28–50) (data not 
shown). Overall, preoperatively, in only 31% of the cases (21 
of 68), MRI and BIPSS agreed in the preoperative localization 
of the tumor. Forty-one of 70 patients who had a tumor 
localized at surgery had a positive MRI. In these patients MRI 
agreed with BIPSS and surgery (in the location of an ade­
noma) in 68% (28 of 41) of the cases. However, in a subgroup 
of 26 patients, in whom all MRI studies showed a definite 
lesion and there was an IPG greater than 1.4 before and after 
oCRH in BIPSS, there was a high degree of concordance with 
the location of the tumor at surgery: 84%. 

TABLE 2. IPG of ACTH levels compared with surgical 
localization in 70a children and adolescents with CD in whom an 
adenoma was histologically confirmed 

a In one patient, the exact location within the pituitary gland was 
not defined in the operative report. 

R, Right, L, Left. 

IPG 
Location of the tumor (no. of patients) 

Total 
Right Left Middle Bilateral 

Pre-oCRH 
R/L > 1.4 21 9 6 2 38 
L/R > 1.4 6 14 0 20 
Lower 1.4 5 3 3 11 
Total 32b 26 9 2 69 

Post-oCRH 
R/L > 1.4 23 10 5 2 40 
L/R > 1.4 7 14 2 23 
Lower 1.4 1 2 2 5 
Total 31b 26 9 2 68 

b In one patient, only basal sampling was available (69 of 70), and 
in two patients poststimulation results were not available (68 of 70). 
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BIPSS success and complications 

The BIPSS procedure, judged by the final catheterization 
of both petrosal sinuses (shown by the concurrent angiog­
raphy), was successful in all cases. No serious complications 
were recorded. Minor side effects included swelling, ery­
thema, or persistent pain at the sites of catheterization (data 
not shown). 

Discussion 

As has been suggested for any form of testing or treatment 
related to CS in childhood, BIPSS should be performed only 
in experienced medical centers (18) to avoid not only poten­
tially serious complications (19) but also improper proce­
dures and data misinterpretation (20, 21). The present study, 
which could not look at the use of BIPSS in diagnosing 

patients with ectopic ACTH production simply because there 
were no such patients in our series, shows that there are 
additional limits to the use of BIPSS. 

Only two studies in the pediatric population have inves­
tigated exclusively the usefulness of BIPSS in predicting the 
site of a pituitary adenoma (7, 14), and they reported different 
results: the sensitivity of BIPSS in identifying the correct 
location of the corticotropinoma was, at most, 76% in the 
study by Magiakou et al. (14) and 91% in the report by 
Lienhardt et al. (7). The difference may be due to several 
factors, but perhaps the most important one is that of the 
numbers of subjects studied. It is noteworthy that Lienhardt 
et al. (7) attributed their different data to their small number 
of patients and had predicted that “in a larger series, the 
percent lateralization would be likely to decrease from the 
current 91%.” 

In adults with CD and healthy volunteers, it has been 
reported that the right is the dominant petrosal sinus (22). 
Most of our patients also lateralized their ACTH secretion to 
the right side and, lateralization to the right side, agreed with 
surgical location of the tumor in 77% of the cases vs. 56% if 
lateralization was on the left. After oCRH stimulation, how­
ever, this difference disappeared. Other studies have also 
suggested that BIPSS data after oCRH may be less reliable for 
predicting the location of a pituitary adenoma than baseline 
ACTH values (12). 

In conclusion, BIPSS in children is a safe and well-tolerated 
procedure in experienced hands and remains the standard 
for the exclusion of ectopic ACTH production in the diag­
nostic work-up of CD. However, it is rarely, if ever, needed, 
and it is not a reliable test for lateralization of a pituitary 
adenoma. If BIPSS is needed for the definite exclusion of the 
exceptional ectopic ACTH-producing tumor in childhood, it 
may be used only in conjunction with imaging studies, both 
pre- and intraoperatively, to guide the surgeon with regard 
to the location of the tumor. 

Acknowledgments 

We thank our patients who participated in NICHD 97-CH0076 in­
vestigational protocol and National Institute of Child Health and Hu­
man Development. We also acknowledge the seminal contributions to 
this study of our friend, mentor, and colleague, the late John L. Dop­
pman, M.D. (Department of Diagnostic Radiology, National Institutes of 
Health Warren G. Magnuson Clinical Center). 

Received May 17, 2005. Accepted September 29, 2005. 
Address all correspondence and requests for reprints to: Dr. Con­

stantine A. Stratakis, Section on Endocrinology and Genetics, Develop­
mental Endocrinology Branch, National Institute of Child Health and 
Human Development, National Institutes of Health, Building 10, Clin­
ical Research Center, Room I-3330 (East Laboratories), 10 Center Drive, 
MSC 1103, Bethesda, Maryland 20892. E-mail: stratakc@mail.nih.gov. 

This work was supported by the National Institutes of Health under 
intramural project Z01 HD000642–04 (principal investigator, C.A.S.). 

References 

1.	 Lafferty AR, Chrousos GP 1999 Pituitary tumors in children and adolescents. 
J Clin Endocrinol Metab 84:4317–4323 

2.	 Bonet Serra B, Garcia Perez A, Quintanar Rioja A, Lopez Lafuente J, Alaves 
Buforn M, Echavarri Olavarria F 2001 Precocious puberty and pituitary in­
cidentaloma. An Esp Pediatr 55:561–564 

3.	 Partington MD, Davis DH, Laws Jr ER, Scheithauer BW 1994 Pituitary ad­
enomas in childhood and adolescence. Results of transsphenoidal surgery. 
J Neurosurg 80:209–216 

Downloaded from jcem.endojournals.org on June 29, 2006 

mailto:stratakc@mail.nih.gov


224 J Clin Endocrinol Metab, January 2006, 91(1):221–224 Batista et al. • Petrosal Sinus Sampling in Cushing Disease 

4. Mindermann T, Wilson CB 1995 Pediatric pituitary adenomas. Neurosurgery 
36:259–268 

5.	 Magiakou MA, Chrousos GP 2002 Cushing’s syndrome in children and ad­
olescents: current diagnostic and therapeutic strategies. J Endocrinol Invest 
25:181–194 

6.	 Bonat S, Stratakis CA 2003 Cushing syndrome in children. In: Radovick S, 
MacGillivray, M, eds. Pediatric endocrinology: a practical clinical guide. 
Totowa, NJ: Humana Press; 249–259 

7.	 Lienhardt A, Grossman AB, Dacie JE, Evanson J, Huebner A, Afshar F, 
Plowman PN, Besser GM, Savage MO 2001 Relative contributions of inferior 
petrosal sinus sampling and pituitary imaging in the investigation of children 
and adolescents with ACTH-dependent Cushing’s syndrome. J Clin Endocri­
nol Metab 12:5711–5714 

8.	 Oldfield EH, Doppman JL, Nieman LK, Chrousos GP, Miller DL, Katz DA, 
Cutler Jr GB, Loriaux DL 1991 Petrosal sinus sampling with and without 
corticotropin-releasing hormone for the differential diagnosis of Cushing’s 
syndrome. N Engl J Med 26:897–905 

9.	 Oldfield EH, Chrousos GP, Schulte HM, Schaaf M, Mckeever PE, Krud AG, 
Cutler GB, Loriaux DL, Doppman JL 1985 Preoperative lateralization of 
ACTH-secreting pituitary microadenomas by bilateral and simultaneous in­
ferior petrosal venous sinus sampling. N Engl J Med 312:100–103 

10.	 Booth GL, Redelmeier DA, Grosman H, Kovacs K, Smyth HS, Ezzat S 1998 
Improved diagnostic accuracy of inferior petrosal sinus sampling over imaging 
for localizing pituitary pathology in patients with Cushing’s disease. J Clin 
Endocrinol Metab 83:2291–2295 

11.	 Bonelli FS, Huston 3rd J, Carpenter PC, Erickson D, Young Jr WF, Meyer FB 
2000 Adrenocorticotropic hormone-dependent Cushing’s syndrome: sensitiv­
ity and specificity of inferior petrosal sinus sampling. Am J Neuroradiol 
21:690–696 

12.	 Lefournier V, Martinie M, Vasdev A, Bessou P, Passagia JG, Labat-Moleur 
F, Sturm N, Bosson JL, Bachelot I, Chabre O 2003 Accuracy of bilateral inferior 
petrosal or cavernous sinuses sampling in predicting the lateralization of 
Cushing’s disease pituitary microadenoma: influence of catheter position and 
anatomy of venous drainage. J Clin Endocrinol Metab 88:196–203 

13. Colao A, Faggiano A, Pivonello R, Giraldi FP, Cavagnini F, Lombardi G 2001 

Study Group of the Italian Endocrinology Society on the Pathophysiology of 
the Hypothalamic-Pituitary-Adrenal Axis. Inferior petrosal sinus sampling in 
the differential diagnosis of Cushing’s syndrome: results of an Italian multi­
center study. Eur J Endocrinol 144:499–507 

14.	 Magiakou MA, Mastorakos G, Oldfield EH, Gomez MT, Doppman JL, 
Cutler Jr GB, Nieman LK, Chrousos GP 1994 Cushing’s syndrome in children 
and adolescents. Presentation, diagnosis, and therapy. N Engl J Med 331:629 – 
636 

15.	 Patronas N, Bulakbasi N, Stratakis CA, Lafferty A, Oldfield EH, Doppman 
J, Nieman LK 2003 Spoiled gradient recalled acquisition in the steady state 
technique is superior to conventional post contrast spin echo technique for 
magnetic resonance imaging detection of adrenocorticotropin-secreting pitu­
itary tumors. J Clin Endocrinol Metab 88:1565–1569 

16.	 Batista D, Courkoutsakis NA, Oldfield EH, Griffin KJ, Keil M, Patronas NJ, 
Stratakis CA 2005 Detection of ACTH-secreting pituitary adenomas by mag­
netic resonance imaging (MRI) in children and adolescents with Cushing 
disease. J Clin Endocrinol Metab 90:5134–5140 

17.	 Newcombe RG 1998 Two-sided confidence intervals for the single proportion 
comparison of seven methods. Stat Med 17:857–872 

18.	 Moshang Jr T 2003 Cushing’s disease, 70 years later, and the beat goes on. J Clin 
Endocrinol Metab 88:31–33 

19.	 Bonelli FS, Huston 3rd J, Meyer FB, Carpenter PC 1999 Venous subarachnoid 
hemorrhage after inferior petrosal sinus sampling for adrenocorticotropic hor­
mone. Am J Neuroradiol 20:306–307 

20.	 Swearingen B, Katznelson L, Miller K, Grinspoon S, Waltman A, Dorer DJ, 
Klibanski A, Biller BM 2004 Diagnostic errors after inferior petrosal sinus 
sampling. J Clin Endocrinol Metab 89:3752–3763 

21.	 Doppman JL, Chang R, Oldfield EH, Chrousos G, Stratakis CA, Nieman LK 
1999 The hypoplastic inferior petrosal sinus: a potential source of false-neg­
ative results in petrosal sampling for Cushing’s disease. J Clin Endocrinol 
Metab 84:533–540 

22.	 Friedman TC, Yanovski JA, Nieman LK, Doppman JL, Cutler Jr GB, Oldfield 
EH, Gold PM, Chrousos GP, Kalogeras KT 1996 Inferior petrosal sinus ar­
ginine vasopressin concentrations in normal volunteers and patients with 
Cushing’s disease. J Clin Endocrinol Metab 81:3068–3072 

JCEM is published monthly by The Endocrine Society (http://www.endo-society.org), the foremost professional society serving the 
endocrine community. 

Downloaded from jcem.endojournals.org on June 29, 2006 

http://www.endo-society.org
http://jcem.endojournals.org

	Petrosal_Sinus
	BRIEF REPORT:
An Assessment of Petrosal Sinus Sampling for Localization of Pituitary Microadenomas in Children with Cushing Disease
	Patients and Methods 
	Patients 
	MRI of the pituitary gland 
	BIPSS procedure and data analysis 
	Surgical and histopathological data analysis
	Hormone assays 
	Statistical analysis 

	Results 
	BIPSS and diagnosis of CD 
	TABLE 1. Sensitivity and 95% confidence 
	IPG and lateralization 
	TABLE 2. IPG of ACTH levels
	BIPSS success and complications 

	Discussion 
	Acknowledgments 
	References 





