Inferior Petrosal Sinus Sampling (IPSS)
Indication

The evaluation of Cushing’s syndrome requires a systematic approach. After biochemical testing has confirmed a diagnosis of ACTH-dependant hypercortisolism, the source of ACTH excess has to be determined. The choice of diagnostic tests used to distinguish an ectopic versus a pituitary source varies by institution and depends on the availability of specialized interventional radiological procedures, financial considerations, patient preference, and availability of corticotropin releasing hormone (CRH) and sensitive magnetic resonance imaging (MRI) technology. The most accurate method to discriminate between pituitary and non-pituitary sources of ACTH is to evaluate the central-to-peripheral ACTH gradient via bilateral inferior petrosal sinus sampling (IPSS) (1-2). Corticotroph tumors have a clear step up in the petrosal samples while ectopic ACTH producing tumors do not.

With long-term hypercortisolemia, there is suppression of the normal corticotrophs in the pituitary gland, and they do not secrete ACTH.  This underlies the ability to identify patients with ectopic ACTH secretion.   In normal individuals (without hypercortisolemia), petrosal sinus ACTH levels may be high due to normal pulsatile ACTH release and the normal corticotrophs response to CRH stimulation.  As a result there is a central to peripheral gradient similar to that seen in Cushing’s disease. Therefore, hypercortisolemia is a prerequisite for IPSS (3-4). 

Although IPSS is the most accurate diagnostic test, it is also expensive and invasive. Therefore, it usually is not justified if non-invasive diagnostic tests including high-dose dexamethasone suppression test and CRH stimulation test point towards Cushing’s disease and the MRI pituitary shows a > 6mm adenoma. IPSS is used in the absence of such results, and may be particularly helpful when subtotal hypophysectomy does not achieve remission (1-2). 

Original description of the test

Corrigan and colleagues reported the first efforts to measure pituitary venous effluent in 1977 (5). Soon after, Doppman and Miller provided a detailed description of the anatomy and technique of inferior petrosal sinus sampling (6-7). Since then several investigators have studied this technique further in the differential diagnosis of Cushing’s syndrome (8).

Anatomy and Technique

Usually each inferior petrosal sinus empties directly into the ipsilateral internal jugular vein. In about 25% of individuals, the drainage of inferior petrosal sinus is a plexus of channels emptying into the internal jugular vein while in a small percentage, there is no connection between the inferior petrosal sinus and the internal jugular vein (6). In about 60% of people, most of the venous effluent from each side of the pituitary gland drains symmetrically into the ipsilateral petrosal sinus. Initially, investigators used tests comparing unilateral inferior petrosal ACTH levels to peripheral blood levels. However, given that a corticotroph adenoma or anatomical variation can make the pituitary drainage asymmetric, simultaneous measurements from both inferior petrosal sinuses are necessary to avoid a falsely negative evaluation (7). 

For the procedure, the patient is placed in a supine position on a fluoroscopy table under conscious sedation. Each groin is prepped in a sterile manner for intravenous access. Bilateral femoral veins are then cannulated, guidewire inserted, and then needle and wire are exchanged for a venous sheath. Catheters are then advanced and positioned in both inferior petrosal sinuses under fluoroscopic guidance. After the correct placement of catheters, blood samples are obtained from each of the three ports (peripheral, left inferior petrosal sinus, and right inferior petrosal sinus). Usually 2 sets of samples are obtained at baseline. Ovine CRH is then peripherally injected as a slow bolus at 1 mcg/kg (maximum dose of 100 mcg) and post-CRH samples are obtained at 3, 5, and 10 minutes. Post sampling, the catheters are removed and pressure is applied at bilateral groin sites until venous hemostasis is achieved (3, 6). 

Assay Requirements

Blood samples should be immediately placed into lavender-top EDTA-containing tubes and placed on ice. The samples should be processed within one hour and analyzed immediately or frozen until the ACTH assay is performed (2, 3).

Interpretation

Simultaneous measurements of ACTH levels in the periphery and in each inferior petrosal sinus are used to calculate the petrosal to peripheral ratio. A basal central: peripheral ratio of 2:1 or a ratio after stimulation with CRH of more than 3:1 is consistent with Cushing’s disease. The highest pre- or post-CRH central to peripheral ACTH ratio is used for interpretation (1, 2).

An interpetrosal gradient between ACTH levels from right and left inferior petrosal sinus before and/or after CRH stimulation has also been used to predict the side where the adenoma is present. Proposed criteria for ‘lateralization’ is a side-to-side gradient of ≥ 1.4 (2, 9). 
Statistics of Test Performance

Combined data from many series shows a specificity and sensitivity close to 94% for IPSS (1, 2).  False negative results are usually due to poor catheter placement or anomalous or asymmetric venous drainage. Therefore a lack of central to peripheral gradient is diagnostic only in the setting of normal anatomy and symmetric drainage on cavernous-inferior petrosal sinus venography (2, 3, 10).  There are some data that false negative results can be identified by simultaneous sampling of prolactin to correct ACTH values (11). False positive results can also occur in ectopic ACTH secretion if there is incomplete suppression of corticotrophs, as in cyclic Cushing’s syndrome or mild hypercortisolemia. Documentation of a two-fold or greater increase in urinary free cortisol for 6-8 weeks prior to IPSS is therefore recommended. False positive results can also be seen if an ectopic CRH producing tumor causes pituitary hyperplasia (10). 

In adults, IPSS has been found to be only 70% accurate in predicting the side of pituitary adenoma (2). However, in children it can have greater accuracy when compared to MRI of the pituitary gland (12). 

Complications


Groin hematoma is the most common complication of the IPSS procedure and is seen in 3-4% of patients (3, 6). As the procedure involves infusion of iodinated contrast dye, there is a risk of acute renal insufficiency and therefore assessment of renal function before the procedure is recommended (3). The incidence of serious complications like cerebrovascular accident is low at 0.2% when performed by an experienced radiologist (13). Deep venous thrombosis, pulmonary embolism, transient cranial nerve palsies, and subarachnoid hemorrhage with obstructive hydrocephalus have been rarely reported (2, 3). Given the risk of thromboembolism, some groups administer heparin for anticoagulation before the procedure. 

Alternative Methods of Venous Sampling

When CRH is not available, desmopressin can be used as an alternative. However, it should be noted that not many patients with ectopic ACTH secretion have been studied with desmopressin (14).  Studies have also looked at bilateral internal jugular vein sampling as an alternative method given that it is safer and does not require specialized expertise. However the sensitivity of this test is only 83- 87.5%, less than that of IPSS, and close to the pre-test probability of Cushing’s disease. Its use is therefore restricted to cases where the non-invasive tests yield contradictory results and access to IPSS is limited (15, 10). Studies have also looked at cavernous sinus sampling. However, this has been found to be technically more challenging with no superior diagnostic or lateralization accuracy compared to IPSS (16).
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