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ABSTRACT
Objectives: The purpose of this study is to find out the accuracy of bilateral cavernous sinus sampling (CSS)

for preoperative tumor lateralization within the pituitary in Cushing’s disease (CD). 

Methods: Sixty-five patients who had undergone transsphenoidal surgery (TSS) following CSS for CD between

2000-2016 at our institution were analyzed retrospectively. All patients underwent bilaterally CSS with

corticotropin-releasing hormone (CRH) stimulation. Radiological, preoperative, and pathological findings with

remission status were correlated with CSS data. The accuracy of CSS is decided according to compliance with

the magnetic resonance imaging (MRI), pathology or remission after surgery of the normal MRI cases. 

Results: CSS indicated the correct lateralization in 52 (80%) patients. There was the same level elevation of

both sides in 3 patients who had central adenoma. Remission rate in the final follow-up was 83.87% for 65

patients. We found out the contralateral pathological side in 13 (20%) of the patients showing false

lateralization. Twenty-four patients with normal MRI had a positive accuracy rate of 83%. Of those patients,

with a positive accuracy of CSS sampling, 18 (90%) had a positive remission. As a result of the Kappa analysis,

statistically significance and relation was found between the final diagnosis and lateralization test (κ = 0.63 p
< 0.001). 

Conclusions: Our results showed that CSS is a safe and reliable method for microadenomas which has high

diagnostic accuracy (80%) in indicating the correct lateralization in CD, providing us higher remission rates

in a challenging pathology. 
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Cushing's disease is a rare disease characterized by

uncontrolled release of Adrenocorticotropic hor-

mone (ACTH) from the anterior pituitary and conse-

quently excessive cortisol release from the adrenal

gland. Diagnosis can be delayed by 2-4 years, espe-

cially in patients with mild or cyclic hypercortisolism
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[1, 2]. Biochemical tests should be performed to con-

solidate the diagnosis with clinical findings due to hy-

percortisolism. After diagnostic tests, dexametasone

supression, metyrapone or corticotropin releasing hor-

mone (CRH) stimulation test should be performed to

distinguish the diagnose from ectopic corticotropin

syndrome [3-5]. Although they are reliable tests, they

are often inadequate to make this distinction. At this

point, contrast enhanced pituitary magnetic resonance

imaging (MRI) is used for the confirmation of pres-

ence or absence of a pituitary adenoma. The median

size of the adenomas in Cushing’s disease (CD) is 5

mm. MRI with 3 mm sections can not capture approx-

imetely 40-50% of the adenomas smaller than this me-

dian size and reported as normal [6, 7]. When the MRI

findings are uncertain or biochemical tests are incon-

clusive, subtotal or total removal of the pituitary gland

may be performed despite the endocrine deficiency

risk. 

      Central venous sampling is an assistive method

used to localize the pathology [8, 9]. Because of false

positivity risk in laboratory tests it is a key method for

definitive diagnosis and lesion localization. It can be

performed in the inferior petrosal sinus or cavernous

sinus [10]. It is possible to obtain an almost exact re-

sult with this method. If there is a difference > 1.4 in

ACTH levels between the sides in venous sampling,

it is accepted that it predicts the side of the lesion in

CD patients with negative MRI. 

      The primary objective of this study was to to find

out the accuracy of bilateral CSS in preoperative

tumor lateralization within the pituitary in patients

with CD.

METHODS

Study Design 
      Our prior study with 26 patients was expanded and

re-studied [11]. After the local Ethics Comittee aproval

we retrospectively identified 65 consequtive patients

who had undergone cavernous sinus sampling (CSS)

and transsphenoidal surgery (TSS) in the department

of neurosurgery, Cerrahpaşa School of Medicine, by

a single surgeon (NG) between 2000 and 2016. 

Participants 
      Patients who have endocrinological evidence of

CD had diagnosed with a standard protocol by a mul-

tidisciplinary team in Istanbul University Pituitary

Center. All of the patients with normal MRI or lesions

smaller than 6 mm who were operated via TSS ap-

proach were evaluated. Data of patients were collected

from the medical history records. Endogenous hyper-

cortisolism was confirmed with the increased urinary

free cortisol (UFC), loss of circadian rhythm and lack

of suppression of cortisol after low dose dexametha-

sone supression tests (DST). Pituitary origin was di-

agnosed with the 8 mg dexamethasone test and CRH

stimulation test. We included the patients with the

MRI evaluations who showed up either a normal MRI

or a mass smaller than 6 mm within the gland. All pa-

tients with CSS indicating central etiology underwent

TSS without perioperative steroid coverage. 

Remission Criteria 
      Remission was defined as: normalization of circa-

dian rthym and ACTH and postoperative basal cortisol

< 3.5 μg/dl; serum cortisol < 1.8 μg/dl after 1 mg dex-

amethasone suppression test. 

Statistical Analysis 
      Continuous variables are reported as means ±

standard deviation and categorical variables are re-

ported as percentages. Student’s t test was used for

comparison of normal distributed variables and Mann-

Whitney U test was used for non-normally distributed

variables. Categorical variables were compared by the

Chi-Square test or Fisher’s exact test as appropriate.

Kappa coefficient was used for a statistical measure

of inter-rater reliability. A p value less than 0.05 were

considered significant.

RESULTS

Demographics 
      Retrospective analysis of 65 patients who were di-

agnosed as Central Cushing’s Disease showed female

dominancy of 81.53%. There were 12 male patients

and 53 female patients. Mean age was 38.78 years

(ranging from 5-66). Four (6.15%) of the patients were

under 18 years. 

Preoperative MRI 
      All patients underwent preoperative MRI evalua-
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tion. All of the patients showed up normal MRI or mi-

croadenoma smaller then 6mm. 24 (36.92%) of them

were with normal MRI, 23 (35.38%) with left sided

microadenoma, 15 (23.07%) with right sided mi-

croadenoma and 3 (4.61%) of them were central mi-

croadenoma (Fig.1). 

CSS
      Sixty-five patients underwent CSS under general

anesthesia or sedation. Heparinization with 5000 UI

bolus followed by 1000 U/h additional dose has been

done. Bifemoral punction with 5F catheter, Picard

(Cook) catheter to IPS (Inferior petrosal sinus) fol-

lowed by 0.18 microcatheter placement to CS (cav-

ernous sinus) by 0,16 guide. Blood samples were

taken without CRH and in the 1st, 2nd, 5th and 10th

minutes after CRH stimulation simultaneously from

both cavernous sinüs (CS). The central / peripheral (c

/ p) ratio was interpreted as central if the gradient was

greater than 3 with CRH stimulation and we evaluated

R / L or L / R ratio as lateralization if it was great equal

1.4. A positive gradient between right and left sides

was found in 62 patients ranging from 1.56 to 250

(mean: 19.37). There was 3 (4.61%) without lateral-

ization but central to peripheral gradient (Table 1). We

found accuracy of 80% (52/65) which was decided as

positive if the CSS side is compatible with the MRI,

pathology or remission after hemihypophysectomy of

the normal MRI cases. 

      Thirteen patients showed false CSS lateralization.

Eleven patients among this 13 false lateralization were

in remission. Of the 24 patients with normal MRI, 20
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Fig. 1. Distribution of patients according to MRI findings. 
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had positive accuracy for CSS (83%). Patients with a

positive accuracy of CSS sampling had a remission

rate of 18/20 (90%). Tumors less than 6 mm which

was verified by MRI scans had an accuracy of 31/41

(75.6%). Twenty-six of them had a positive remission

in the final follow-up (83.87%). 

      There was only one complication of guidewire

breakage during cavernous sinus sampling. The distal

part of the wire had to be left but removed during the

following TSS after the removal of tumor. There were

no other complications. 

Surgical approach and remission 
      We performed either endoscopic or microscopic

TSS for all of the cases after CSS. We started to use

endoscopic TSS since 2007 and all patients were op-

erated endoscopically after 2007. Surgical strategy

consisted of exploring the whole gland, starting from

the suspected side. If the adenoma is detected, ade-

nomectomy is performed. If not hemihypophysectomy

was performed according to the CSS lateralization.

There were 17 temporary diabetes insipidus and 1 per-

menant diabetes insipidus treated with desmopressin.
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Fig. 1. Type of surgery. 

Fig. 1. Distribution of the pathological result of the patients.
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One patient had rhinorrhea who was treated by lomber

CSF drainage of 72 hours. Four patients had hypothy-

roidism post-operatively and 1 patient with panhy-

popituitarism who underwent medical treatment. One

of the patients had a menenjitis treated by antibiotic

treatment. There were no mortality related to our sur-

gical procedure but 4 patients died during long-term

follow-up because of complications related to CD. We

had no mortality nor neurological morbidity after the

surgical procedures. Patients who had remission on the

final follow up was 55 (84.6%). Types of surgeries

performed and pathological results of the patients are

as shown in Figs. 2 and 3.

DISCUSSION

      Treatment of Cushing’s disease is problematic and

should be treated by a multidisciplinary team and the

treatment aims to improve the patients clinical mani-

festations with the resection of tumoral mass normal-

izing the hormone secretion. Despite all treatment

methods, the biggest problem with these patients is the

inability to achieve the desired remission rates and the

recurrence of the disease. There are considerable num-

ber of CD patients with normal MRI, with empty sella,

and with some suspect lesions or fullness in one side

of the pituitary. Preoperative MRI identification of an

adenoma has been associated with high remission

rates [12]. Of course this can be linked to the advan-

tages of knowing the enemy and dealing with it. In-

visible adenomas are the adenomas that surgeons are

mostly not like to operate. Endoscopic TSS may be a

good option for better visualization of adenomas but

most of the time it doesn't solve this suspect lesion

problem completely. 

      In 1985 Oldfield et al. [13] reported the high ac-

curacy of inferior petrosal sinus sampling (IPSS)

method in differentiating the ectopic sourced Cush-

ing’s syndrome from pituitary adenomas. In time, ve-

nous sampling methods began to spread and a number

of series began to be published. The common feature

of the series was that the methods of venous sampling

either IPSS or CSS were helpful to identify the central

etiology in ACTH-dependent CD. There is however

no consensus about their value of correctly locating

the tumor within the pituitary [12, 14-16, 17]. The

trick point is the experience of the interventional neu-

roradiology team. This study is not a comparison be-

tween IPSS and CSS, however it is worth to review

the advantages and disadvantages of both methods

(Table 2). ACTH secreting pituitary adenomas are

mostly located laterally [18]. Therefore, venous sam-

pling results are one of the most indispensable guide

for surgeon’s intervention. Both halves of the pituitary

gland drain into the cavernous sinus of its own side,

and therefore direct cavernous sinus sampling is

thought to yield more accurate results about lateraliza-

tion of the adenoma because of the high concentration

of the ACTH levels [12, 17]. Whether it is CSS or

IPSS, the placement of catheters in both is very im-

portant for the interpreting of lateralization results

[19]. 

      In our study CSS sampling had a 80% accuracy.

      Teramoto et al. [14] reported the correct lateral-

ization of CSS 57% to 80%. Of the 24 patients whose

MRI showed no adenoma, we found correct lateral-

ization for 20 (sensitivity 83%). Patients with a posi-

tive accuracy of CSS sampling had a remission rate of

18/20 (90%). Of the 41 patients who has an adenoma

< 6 mm on their MRI, correct lateralization for 31/41

(75.6%) was found which 26 of them had a final re-

mission in the follow-up (83.87%). Of course there are

cases where CSS is also insufficient. In our study we

found false CSS result for 13 patients. In this group, 4

patients with normal MRI had an contralateral ade-
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noma compared to CSS sampling side. 

      Incorrect (false) lateralization is a possible prob-

lem in all venous sampling methods. There may be

many reasons for this undesirable situation. Mamelak

et al. [20] emphasized that the asymmetric drainage

of the inferior petrosal and cavernous sinuses was the

main cause of the incorrect lateralization. Variations

of the venous system, communications between cav-

ernous sinuses and the compartmantalizations of the

sinuses with fibrous septaes are the other possible rea-

sons for this false lateralizations [17, 20, 21]. 

      When we look at the literature, we see that our re-

sults are compatible with other studies. Correct rate of

CSS sampling was reported as 82% by Burkhardt et
al. [8], 91% by Teramoto et al. [14, 17] and 83% by

Graham et al. [21]. In our institution we prefer CSS

for the preoperative assessment of lateralization. It is

useful to underline again that the method of sampling

is determined according to the experience of the neu-

roradiology team. Surgery may affect the venous

drainage therefore CSS may not be helpful in relapsed

cases. All cases in this study were operated first time.

The accuracy of the CSS in recurrent cases may be the

subject of further studies.

CONCLUSION

      Nowadays, adenomas are detected in smaller sizes

due to the widespread use of MRI for various reasons.

The biggest problem for invisible adenomas and small

sized adenomas is finding adenoma during surgery or

where to perform the hemihypophysectomy. Every ad-

ditional information is helpful to the surgeon therefore

we emphasize that performing CSS may improve the

remission rates. 
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