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Cushing’s syndrome (CS) has an incidence of 1 in 
500,000 and is characterized by symptoms and 
signs of hypercortisolemia.9 Cushing’s disease 

(CD) is the specific condition of CS caused by a central 
source, most commonly an adrenocorticotropic hormone 
(ACTH)–secreting pituitary microadenoma. Noninvasive 
tests examining blood cortisol, salivary cortisol, and uri-
nary cortisol have variable sensitivity and specificity.2,6 
When CD is suspected, bilateral inferior petrosal sinus 
sampling (IPSS) is currently the gold standard confirma-
tory and localizing test.3 IPSS involves catheterizing both 
inferior petrosal sinuses (IPSs) in order to sample blood 
from each side of the cavernous sinus, the venous drainage 
of the pituitary gland. 

Miller first described the significant variability which 
can be present at the IPS–internal jugular vein (IJ) junc-
tion.7 Miller’s study of IPS anatomy includes 4 distinct 

types: types 1 and 2 have normal IPS drainage into the IJ, 
with type 2 showing a larger contribution from the verte-
bral plexus; type 3 are venous plexi rather than a distinct 
IPS; and type 4 (only 5% of 135 patients) demonstrates 
anterior cavernous sinus drainage and hypoplastic IPS.7 
The IPSS test relies on patent IPS and cavernous sinus 
drainage through the IPS into the IJ vein (Miller types 1 
and 2).7 When one IPS is absent or atretic there is an ab-
sent connection between the IPS and IJ, and as a result the 
cavernous sinus drains anteriorly because of functionally 
inadequate IPS (Miller type 4). This anatomy has clinical 
ramifications for IPSS, as hypoplastic IPSs are a signifi-
cant source of false negatives and subsequent delays in di-
agnosis.5 IJ sampling is less sensitive than IPSS when nor-
mal posterior cavernous sinus drainage occurs, and even 
less so if cavernous sinus drainage is directed anteriorly 
toward the external jugular vein (EJ) in uncommon cases 
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The authors report the case of a 30-year-old female patient with suspected Cushing’s disease with an anatomical 
variation of hypoplastic inferior petrosal sinuses and nearly exclusive anterior drainage from the cavernous sinus, who 
underwent external jugular venous blood sampling with successful disease confirmation and microadenoma localization. 
The patient presented with signs and symptoms consistent with Cushing’s syndrome, but with discordant preliminary 
diagnostic testing. She underwent attempted bilateral inferior petrosal sinus sampling; however, she had hypoplastic in-
ferior petrosal sinuses bilaterally and predominantly anterior drainage from the cavernous sinus into the external jugular 
circulation. Given this finding, the decision was made to proceed with external jugular venous access and sampling in 
addition to internal jugular venous sampling. A positive adrenocorticotropic hormone (ACTH) response to corticotropin-
releasing factor was obtained in the right external jugular vein alone, suggesting a right-sided pituitary microadenoma 
as the cause of her Cushing’s disease. The patient subsequently underwent a transsphenoidal hypophysectomy that 
confirmed the presence of a right-sided ACTH-secreting microadenoma, which was successfully resected. She was 
hypocortisolemic on discharge and has had no signs of recurrence or relapse at 6 months postoperation.
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of bilateral IPS hypoplasia. To our knowledge, there have 
been no reports to date describing successful endocrino-
logic venous sampling for CD using the EJs.

Case Report
History

An otherwise healthy 30-year-old woman presented to 
her primary care physician with a 40-pound weight gain 
and cushingoid appearance over a 6-month period. At pre-
sentation her ACTH level was 30.1 pg/mL, with an elevat-
ed serum cortisol of 27.1 mg/dL. On 1-mg dexamethasone 
suppression testing her am serum cortisol was 2.6 mg/dL 
and with 40 mg it was 5.7 mg/dL. At this time, her 24-hour 
urine free cortisol was normal at 30 mg/24 hours, but dis-
cordant with her salivary cortisol, which was elevated at 
0.208 mg/dL. It should be noted that when the patient first 
underwent her endocrinology workup, she was taking oral 
contraceptives, which have been shown in previous studies 
to be associated with a high rate of false-positive results 
for hypercortisolism.12 The patient underwent dynamic 
brain MRI with gadolinium-based contrast that demon-
strated a hypoenhancing central microcystic sellar lesion 
consistent with a Rathke’s cleft cyst, but the pituitary pa-
renchyma showed no clear pituitary microadenoma to ac-
count for her CS (Fig. 1A). Due to these discordant find-
ings, the patient was referred for bilateral IPSS to confirm 
and lateralize an ACTH pituitary microadenoma.

Intervention and Sampling
Bilateral IPSS was attempted in the usual fashion.2,4 

After bilateral common femoral vein access was obtained, 
guide catheters were navigated into the IJs bilaterally; 
however, neither IJ-IPS connection could be visualized, 
and cannulation could not be performed with retrograde 
venography, a 0.035-inch wire, an 0.018-inch microcath-
eter, or 0.014-inch microwires. Following these failed at-
tempts, femoral arterial access was obtained, and venous-
phase angiography also failed to demonstrate either IPS-IJ 

connection. The pituitary venous drainage was carefully 
assessed and no significant posterior drainage into an IJ 
could be seen. Interestingly, in this patient the cavernous 
sinus appeared to drain predominantly via anterior venous 
outflow into the EJs.

Assessment of the venous phase of the arteriogram in 
this patient highlighted the almost exclusive utilization of 
anterior drainage into the EJ and facial vein, left > right 
(Fig. 1B). Without significant IPS-IJ drainage, and with 
repeated unsuccessful attempts to cannulate the hypo-
plastic IPS, the decision was made to cannulate both EJs 
percutaneously and obtain samples from each EJ. We also 
performed simultaneous IJ sampling at the expected IPS 
outlets to maximize sensitivity. Ultrasound guidance was 
used to directly access each EJ with a 4-Fr micropuncture 
sheath in a retrograde fashion, and placement was con-
firmed with venography (Fig. 1C). Following successful 
placement, venous sampling proceeded according to pre-
viously described protocols involving the administration 
of corticotropin-releasing factor (CRF) and subsequent 
timed blood collection at 5, 15, and 30 minutes after ad-
ministration of cosyntropin for assessment of ACTH re-
sponse. The patient tolerated the procedure well, without 
any complications. All micropuncture sheaths were then 
removed under 5 minutes of compression, with excellent 
hemostasis.

Diagnostic Findings
At 15 and 30 minutes following CRF administration, 

the ratio of right EJ to peripheral venous ACTH was 3.14 
(66 pg/mL) and 4.46 (125 pg/mL), and the ratio of right 
to left EJ ACTH was 1.69 and 3.37. Taken together, these 
results suggested a likely right-sided pituitary microade-
noma. These values contrast with peripheral and IJ values 
measuring 21–39 pg/mL at all other time points (Table 1).

Surgery and Postoperative Course
The patient underwent successful transsphenoidal pi-

tuitary exploration, with identification and resection of a 

FIG. 1. A: Preoperative coronal dynamic phase-contrast MR image without demonstrable pituitary microadenoma. B: Lateral left 
carotid venous phase angiogram demonstrating absent IPS-IJ connections (right arrow) and showing extensive anterior cavernous 
sinus drainage into the EJ and facial vein (left arrow). C: Anteroposterior bilateral EJ venogram demonstrating bilateral EJ access 
and distal drainage. Figure is available in color online only.
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right-sided 0.6-mm microadenoma. Surgical pathology 
revealed immunopositivity for prolactin, ACTH, and lu-
teinizing hormone (LH) beta, while follicle-stimulating 
hormone (FSH), thyroid-stimulating hormone (TSH), and 
human growth hormone (HGH) were negative. A reticulin 
stain demonstrated loss of the usual reticulin architecture 
within the nodule, consistent with a corticotroph adeno-
ma. The patient’s cortisol level 3 days postoperatively was 
low at 0.8 mg/dL, and she was discharged on a regimen 
of prednisone to allow time for the preserved normal pi-
tuitary to resume adrenocorticotropic functioning. At the 
1-month postoperative follow-up, her am cortisol level was 
5.7 mg/dL, supporting biochemical remission and surgi-
cal cure. Her 6-month postoperative MRI revealed no evi-
dence of recurrent or residual pituitary adenoma, and she 
is currently scheduled for follow-up MRI with and without 
contrast in 2 years’ time.

Discussion
At the 150th anniversary of Harvey Cushing’s birth, 

Cushing’s disease still carries significant morbidity, and 
IPSS is essential to confirm the diagnosis when radio-
graphic and laboratory testing is inconclusive or conflict-
ing. The overall success rate for bilateral IPS cannulation 
for IPSS is approximately 88%.2 Previous reports have 
addressed unilateral hypoplastic IPS as a cause of false-
negative IPSS and have demonstrated that falsely negative 
IPSS can result in unintended consequences, including 
unnecessary procedures and significant delays in diagno-
sis of up to 30 months.4,5,10

Miller’s study of IPS anatomy includes 4 distinct types: 
types 1 and 2 have normal IPS drainage into the IJ, with 
type 2 showing a larger contribution from the vertebral 
plexus; type 3 are venous plexi rather than a distinct IPS; 
and type 4 (only 5% of 135 patients) demonstrates ante-
rior cavernous sinus drainage and hypoplastic IPS.7 In the 
case we report here, this anatomy led to a novel solution. 
Retrograde EJ cannulation is a straightforward, low-risk 
procedure, especially under ultrasound guidance, and is 
well tolerated by the patient. To our knowledge, this case 
is the first reported in the literature for which the EJs were 
accessed to sample the cavernous sinus drainage from the 
pituitary region to confirm CD and lateralize a potential 

microadenoma in a patient with anterior drainage and bi-
laterally hypoplastic IPS.

Direct cavernous sinus sampling (CSS) and IJ sampling 
have been reported as alternatives to IPSS for preoperative 
confirmation and lateralization of microadenomas. While 
CSS has shown good sensitivity for detecting microade-
nomas (82%–91%),1,11 this procedure is considerably more 
invasive than procedures requiring a transsphenodial ap-
proach. Radvany et al. demonstrated that IJ sampling has 
a significantly lower sensitivity (69%) than does IPSS 
(94%),8 likely given the dilution of cavernous sinus blood 
into overall IJ drainage volumes. In the setting of the an-
terior cavernous sinus drainage variant, EJ sampling may 
act in the same manner as IJ sampling and likely suffers 
the same decreased sensitivity due to large blood volumes 
from places other than the cavernous sinus. It is important 
to note that given this dilution the absolute ACTH values 
will likely be lower than those usually seen in CD, as in 
our patient. Further, even in ideal situations the specificity 
for lateralization of bilateral IPSS is only 70%, and though 
the measurement of the ACTH values allowed for later-
alization in this case, EJ sampling cannot be expected to 
reliably predict lateralization in all patients.13

Conclusions
Anterior drainage of the cavernous sinus may be ame-

nable to endocrinologic sampling using the EJ. While utili-
zation of EJ sampling must be applied selectively, with the 
aforementioned cautions, in this patient only the EJ results 
confirmed and lateralized the pituitary microadenoma that 
caused the patient’s CD. If IJ testing had been performed 
alone in this case, the result would have been negative. 
Careful assessment of the venous drainage patterns of the 
cavernous sinus must guide the decision to pursue EJ sam-
pling, and further studies should assess the sensitivity and 
specificity of this technique.
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