Anatomy of the Junction of the Inferior Petrosal Sinus and the

Internal Jugular Vein

Donald L. Miller, John L. Doppman, and Richard Chang

PURPOSE: To evaluate the anatomy of the junction of the inferior petrosal sinus and the internal
jugular vein. METHODS: Using a previously described classification system, we prospectively
classified venous anatomy bilaterally in 135 of 136 persons consecutively undergoing inferior
petrosal sinus sampling. RESULTS: Type IV anatomy, with no anastomosis between the inferior
petrosal sinus and the internal jugular vein, was significantly less frequent in our series than in a
previous series (1 versus 7%; P < .001). Venous anatomy did not differ significantly between the
left and the right junctions or between men and women. Venous anatomy was symmetric in only
65% of subjects (86 of 133). We describe an uncommon variant anatomy, incomplete type IV,
found in 4.5% of our subjects (six of 133), that may cause incorrect results of petrosal sinus
sampling. CONCLUSION: Bilateral sampling of pituitary venous effluent can be accomplished by
the methods described, despite the presence of either incomplete or true type IV venous anatomy.
Bilateral petrosal sinus sampling is anatomically possible in 99% of persons.

Index terms: Skull, anatomy; Veins, anatomy; Veins, jugular; Foramina, jugular; Dural sinuses;
Venography; Catheters and catheterization
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Petrosal sinus sampling is a relatively new
technique used for the differential diagnosis of
Cushing syndrome (1, 2). Successful sampling
requires catheterization of both inferior petrosal
sinuses (IPSs). As with other angiographic pro-
cedures, successful catheterization requires de-
tailed knowledge of the relevant anatomy.

In 1968, Shiu et al described the anatomy of
the junction of the IPS and the internal jugular
vein (IJV) on the basis of their experience with
57 patients (3). They classified the venous anat-
omy of this region into one of four types and
reported the prevalence of each type. However,
they analyzed their data by patients and reported
only one classification for each patient even if the
left and right IPS-IJV junctions were different.
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In an earlier article (1), the estimated frequency
of Shiu type 4 anatomy was based on a retro-
spective evaluation of seven catheterization fail-
ures in a series of 346 patients undergoing pe-
trosal sinus sampling. The result (<1%) was sub-
stantially different from the 7% reported by Shiu
et al. The prevalence of the other anatomic types
was not determined. We now report the results
of a prospective study of the venous anatomy
encountered in 135 consecutive subjects
undergoing bilateral IPS sampling. None of these
subjects has been included in any previous report.

Subjects and Methods

We prospectively evaluated the anatomy of the IPS-IJV
region bilaterally in 135 of 136 consecutive subjects who
underwent sampling at this institution from September
1990 through April 1992. (One subject, a healthy volunteer,
had a vasovagal reaction when the first catheter was placed
in the IPS. The study was immediately stopped; no images
of the IPSs were obtained.) One hundred twelve of these
subjects had Cushing syndrome; 24 were healthy volun-
teers. None of the subjects described in this report was
included in previous publications. All subjects, both healthy
volunteers and those with Cushing syndrome, were studied
under one or more research protocols approved by our
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institutional review board. All subjects gave written in-
formed consent to the procedure.

With seven exceptions (two 11-year-olds, a 12-year-old,
two 13-year-olds, and two 14-year-olds, all of whom had
Cushing syndrome), all subjects were adults. There were
43 male and 92 female evaluable subjects.

Petrosal sinus sampling was performed as previously
described (1). Briefly, 5 French catheters were introduced
into the femoral veins bilaterally. The catheter tips were
advanced into the IPSs bilaterally, and blood samples were
obtained both before and after the intravenous administra-
tion of corticotropin-releasing hormone. Blood samples
were also obtained simultaneously from the right femoral
vein through a sheath. All blood samples were subsequently
assayed to determine adrenocorticotropic hormone (ACTH)
concentrations.

As a routine part of the procedure, 5 to 8 mL of contrast
material (iopamidol 300; Squibb, Princeton, NJ) was gently
injected by hand through each catheter, one at a time, and
digital subtraction retrograde petrosal venograms were ob-
tained in the frontal plane to document the position of the
catheter tips during sampling, in case of a question at some
point in the future as to whether the catheters were properly
positioned. These images were used in this study to eval-
uate the anatomy of each IPS-IJV junction.

At the conclusion of each procedure, the images that
best depicted the relevant anatomy were evaluated and the
results were recorded on a worksheet. The classification
system was based on a previous study by Shiu et al (3)
and is shown schematically in Figure 1. It has been modified
to reflect better the difficulties encountered during the
catheterization of the IPSs, with less of an emphasis on
specifically named veins. A single IPS with a small or no
anastomosis to the vertebral venous plexus (VVP) is clas-
sified as type | (Fig 2A). The diameter of the 5 French
catheter shaft was used as a standard of reference to
evaluate qualitatively the size of the anastomosis with the
VVP. This anastomosis was considered small if it was equal
to or smaller in size than the outer diameter of the 5 French
catheter at the point where it entered the IPS. Type Il
anatomy was a single IPS with the anastomosis with the
VVP larger in diameter than the 5 French catheter (Fig 2B).
If the IPS consisted of a rete of separate channels, this was
classified as type lll, regardless of the presence or size of
the anastomosis with the VVP (Fig 2C). Type IV anatomy
is present when there is no connection between the [JV
and the IPS (Fig 2D).

Each IPS was evaluated separately, because IPS anat-
omy is often not symmetrical. IPS anatomy is often better
demonstrated on the contralateral retrograde venogram, so
both right and left retrograde venograms were evaluated
before classifying either IPS. All anatomic classification was
performed by the same radiologist (D.L.M.). Statistical
analysis was performed by the use of standard methods
(x? with Yates correction).
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Fig. 1. Classification of IPS-IJV junction anatomy. The left side
is shown as viewed from the front, corresponding to the appear-
ance during petrosal sinus sampling. In type | anatomy, the
anastomosis from the IPS to the VVP is small; in type Il anatomy,
it is large. In type Il anatomy, the IPS is a network or group of
small vessels, and the size of the vertebral plexus anastomosis is
not important. In type IV anatomy, there is no connection between
the IPS and the 1JV.

Results

Both IPSs were successfully catheterized in 132
(99.2%) of 133 patients with patent 1JVs bilater-
ally and type [, I, or Ill IPS-IJV anatomy. One
subject, a healthy volunteer, had successful cath-
eterization of the right IPS. The research protocol
under which she and all other healthy volunteers
were studied limits the duration of fluoroscopy
over the head to 2 minutes. It was not possible
to catheterize the left IPS within the time limit,
and the study was terminated at that point. Im-
ages of the right IPS were obtained in this patient
and are included in the data analysis. One subject
had an occluded right IJV, presumed secondary
to a central venous catheter placed via the IJV 6
years earlier at the time of coronary artery bypass
grafting. The left IPS was catheterized in this
patient, but retrograde venography was not ade-
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Fig. 2. A, type I IPS-IJV anatomy is present bilaterally on this petrosal sinus venogram. In this patient, no anastomosis with VVP is

identified.

B, Bilateral type Il anatomy is present in this patient, with large collateral veins (arrows) connecting the IPSs to the VVP, which is

not opacified on this image.

C, This venogram demonstrates bilateral type Ill anatomy, with a network of vessels on the left instead of the usual IPS (arrows) and

two discrete vessels on the right side (curved arrows)

D, True type IV anatomy is present on the left. The small venous channel identified on retrograde right petrosal venography (arrow)

does not connect with the left IJV.

quate to permit evaluation of right-sided IPS-IJV
anatomy. One subject had type IV anatomy.

The frequency with which each anatomic type
was encountered is shown in Table 1 for all IPS-
IJV junctions, for left and right IPS-IJV junctions,
and for left and right IPS-IJV junctions in male
and female subjects. There were no significant
differences in the frequency of occurrence of the
various anatomic types between left and right
petrosal sinuses or between male and female
subjects (x* analysis). Type IV anatomy was seen
in only one IPS-IJV junction in one subject
(Fig 2D).

IPS-IJV anatomy was symmetrical in 86 (65%)
of the 133 subjects in whom both IPS-IJV junc-
tions could be evaluated: 11 subjects (8%) had
type | anatomy bilaterally, 38 subjects (29%) had
type Il anatomy bilaterally, and 27 subjects (20%)
had type Ill anatomy bilaterally. (In our experience
with nearly 500 subjects, we have never encoun-
tered a person with bilateral type IV IPS-IJV
anatomy.) The remaining 47 subjects (35%) had
discordant IPS-IJV anatomy on the left and right
sides.

We encountered a variant of type Il and type
lll anatomy, which we term incomplete type IV
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TABLE 1: Anatomy of the inferior petrosal sinus-internal jugular vein junction
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All Subjects

Male Subjects

Female Subjects

Anatomic (n =135y (n = 43) (n=92)
Type Right Left Both Right Left Both Right Left Both
IPS-1JV IPS-1JV IPS-JV PSIJV  IPSIJV  IPSIJV  IPS-JV IPS-1JV IPS-1JV
Type IP 33 (24.6)° 20 (14.9) 53 (9.8) 10 (24) 6 (14) 16 (19) 23 (25) 14 (15) 37 (20)
Type Il 61 (45.5) 63 (47.0) 124 46.3) 23 (55) 21 (49) 44 (52) 38 (41) 42 (46) 80 (44)
Type Il 40 (29.9) 50 (37.3) 90 (33.6) 9 (21) 16 (37) 25 (29) 31 (34) 34 (37) 65 (36)
Type IV 0 (0) 1 (0.7) 1 (0.4) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 1 (1)
Total 134 134 268 42 43 85 92 91 183

® Includes one male subject in whom only the left IPS-IJV was evaluable and one female subject in whom only the right IPS-IJV was evaluable.

" See text for a complete description of the classification system.
“Number and (percent).

anatomy, in seven (2.6%) of 268 evaluable IPSs
(six left, one right) in six subjects (Fig 3). This
variant has been described in the anatomic liter-
ature on IPS and VVP anatomy (4, 5), but we
have been unable to find a description of it in the
radiologic literature. Incomplete type [V anatomy
is characterized by an extremely small channel
from the IJV to the point at which the IPS
anastomoses with the VVP. There is a normal-
caliber IPS from that point to its junction with the
cavernous sinus. The small channel may be a
very narrow IPS or a collateral vessel of some
sort, and the IPS may otherwise exhibit either
type Il (five IPSs) or type Il (two IPSs) anatomy.
In patients with this anatomic variant, the major-
ity of IPS blood flow is directed into the VVP,
rather than the [JV (5). It is technically possible
to catheterize the orifice of the IPS and obtain
samples, despite the presence of this anatomic
variant, and therefore, we do not classify it as
type IV anatomy. When true type IV anatomy is
present, with no connection between the IPS and
the [JV, the IPS cannot be catheterized via the
ipsilateral [JV.

The IPS courses medial-lateral, anterior-poste-
rior, and rostral-caudal simultaneously. Because
of the varying magnification factor on the frontal
view that results from this anatomy, it is very
difficult to measure IPS diameter accurately on
digital subtraction studies. We made no attempt
to quantify or tabulate these data. However, the
diameter of the IPS varies considerably from
subject to subject, although it tends to be very
similar from one side to the other in any given
individual (Figs 3D and 4).

Discussion

Anatomists have shown that the IPSs demon-
strate marked anatomic variation, not only with
regard to their size and anastomoses, but also

with regard to their relationship with the cranial
nerves entering the jugular foramen and with the
jugular foramen itself (1, 5, 6). However, for the
radiologist attempting petrosal sinus sampling,
anatomic variations in the junction between the
IJV and the IPS are of primary importance. As
Schild et al have noted, the anatomy of this region
corresponds with classic descriptions in fewer
than half of all patients (7, 8). The classification
system used in this report was designed to reflect
the variations that are of the greatest clinical
importance to the radiologist attempting to cath-
eterize these vessels.

The classification system is based on a more
complex conception of the venous anatomy of
the skull base than was used in previous studies
(1, 3). In one article, the anastomosis between
the IPS and the VVP was described as occurring
via the anterior condylar vein. Different anatomic
types were described, on the basis of the size of
the anterior condylar vein. This is an oversimpli-
fication (4, 9, 10). The anterior condylar vein is
an important anastomotic pathway (4, 10, 11),
but other named and unnamed anastomotic
channels may also connect the IPS to the VVP
(10) and the IPS may also communicate with the
epidural venous plexus (Fig 5) (12). There are
numerous anastomotic channels between the IPS,
the basilar venous plexus, the VVP, and the
epidural venous plexus, and one or more of these
may be dominant in any given patient (5).

In this report, anatomic variations are classified
in the same fashion as in a previous study (1),
but we have revised the terminology to reflect
better the multiplicity of anastomotic channels
between the IPS and the venous outflow path-
ways in the neck. Also, for the purpose of sim-
plicity, the epidural venous plexus and the VVP
are collectively referred to in this report as the
VVP; for IPS catheterization, the distinction be-
tween the two plexi is not important.
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Fig. 3. Incomplete type IV anatomy in three subjects.
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A, Left petrosal venogram demonstrates a small channel (curved arrow) extending from the IJV to the point at which the IPS
anastomoses with the VVP (long arrow). Note the large size of the VVP (short arrow).
B, A right petrosal venogram in the same subject demonstrates left-sided type Ill anatomy and preferential drainage via the VVP

(arrow), with no opacification of the IJV.

C, Left-sided incomplete type IV anatomy in another subject. The segment of the IPS between the [JV and the anastomosis with the
VVP (long arrows) is very narrow, as compared with both the medial portion of the IPS (short arrow) and the anastomosis between the

IPS and the VVP (curved arrow).

D, The IPS anastomoses with the left [JV only via a small collateral vessel (long arrow), which has been selectively catheterized and
injected on this left petrosal venogram. Note also the very small IPSs bilaterally (curved arrows).

Both neuroradiologists (3, 10) and anatomists
(4, 5) have described examples of the IPS ending
in the anterior condylar vein, which then com-
municates with the IJV, the VVP, or both. We
have not considered this as a separate variant,
because these variants can be classified as types
[, I, or IV by our existing classification. Further,
catheterization of the IPS is technically similar

regardless of whether the lateral portion is termed
the IPS or the anterior condylar vein.

Shiu et al reported a 7% incidence of type IV
anatomy (3). Boskovic et al, in an anatomic study
of 400 skulls, found this anatomy in 13 (3.25%)
(5). In these specimens, and usually on the right
side, the IPS terminated 5 to 8 mm proximal to
the anterior margin of the jugular foramen. We
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Fig. 4. Variations in size of the IPSs in three subjects.
(Compare with Figs 2 and 3.)

A and B, Two subjects with large, right-sided IPSs and
relatively normal-diameter left IPSs.

C, Small IPSs bilaterally (long arrows), roughly comparable
in diameter to the 5 French catheters (short arrow).

Fig. 5. Uncommon anastomoses between the IPS and portions of the VVP.
A, Right petrosal venogram demonstrates predominant drainage of the IPSs into the VVP bilaterally (arrows).
B, Left petrosal venogram in another subject demonstrates opacification of a spinal vein (arrows).
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encountered this anatomic variant in only one of
the 133 subjects in our series in whom both IPS-
[JV junctions were evaluable (Fig 2D), and it was
present in only 4 of the 346 patients described in
a previous retrospective review (1), for an overall
incidence of 1.0% (five of 479) in the combined
group of patients. This is significantly different
from the prevalence observed by Shiu et al (x?
=11.675; P<.001; x* test with Yates correction).
The difference may be because of the classifica-
tion of incomplete type IV anatomy as either type
Il or Il instead of type IV, because we reserve the
type IV classification (as did Shiu et al) for those
patients in whom vascular anatomy makes cath-
eterization of the IPS impossible. The study of
Shiu et al (3) was published more than 20 years
ago; advances in catheter and guidewire design
since then have made it possible to catheterize
vessels that were technically unapproachable in
the 1960s.

We found incomplete type [V anatomy in seven
IPSs in six patients, with an overall prevalence of
4.5% (six of 133) in our series. The combined
prevalence of incomplete and true type [V anat-
omy in our series is 5.5%), not significantly differ-
ent from the 7% prevalence reported in the article
by Shiu et al (x* with Yates correction).

Incomplete type [V anatomy may cause venous
drainage from the cavernous sinus to follow dif-
ferent pathways than those expected. In one
patient with unilateral incomplete type IV anat-
omy, samples from the ipsilateral IPS yielded
ACTH levels compatible with the ectopic ACTH
syndrome. However, the majority of the venous
drainage on the side of the incomplete type IV
anatomy was into the external jugular vein (Fig.
6). When petrosal sinus sampling was repeated
with sampling of the external jugular vein, the
correct diagnosis of Cushing disease was made
on the basis of elevated levels of ACTH in the
external jugular vein. If sampling of the IPSs yields
results compatible with ectopic ACTH production
but all laboratory studies indicate Cushing disease
in patients with this anatomic variant, then a
second procedure with sampling of the other
drainage pathway is advisable.

It must be remembered that petrosal sinus
sampling is technically successful in virtually all
patients with incomplete type IV anatomy, and
aven true type IV anatomy is not an insuperable
obstacle when modern catheters and guidewires
are used. In one patient studied before this series
commenced, bilateral sampling was performed
lespite the presence of type IV anatomy. The
datient had type IV anatomy on the left and type
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Fig. 6. Incomplete type IV anatomy with aberrant drainage
into the external jugular vein.

A, Left petrosal venogram (with the catheter entering from the
left IJV) demonstrates a very small IPS (arrow). The results of
petrosal sinus sampling, performed with the catheter in this
position, were consistent with an ectopic source of ACTH.

B, Right petrosal venogram in the same patient demonstrates
that the majority of left cavernous sinus blood drains into the left
external jugular vein (arrows). When petrosal sinus sampling was
repeated with the left-sided catheter introduced via the left exter-
nal jugular vein, the results were consistent with a left-sided
pituitary source of ACTH.

Il anatomy on the right (Fig 7). A coaxial super-
selective catheter (Tracker-18; Target Therapeu-
tics Inc, San Jose, CA) was introduced into the
IPS on the right side and advanced into the
ipsilateral cavernous sinus. Simultaneous right
cavernous sinus and peripheral venous samples
were obtained. The catheter was then gently
manipulated through an intercavernous sinus and
into the contralateral cavernous sinus. Similar
samples were obtained. Corticotropin-releasing
hormone was then administered, and 3-minute
post—corticotropin-releasing hormone samples
were obtained from the left cavernous sinus and
a peripheral vein. The catheter was withdrawn
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Fig. 7. Patient (not included in this series) with left-sided type
IV venous anatomy. Bilateral sampling was performed, with sam-
ples obtained from the cavernous sinuses (see text).

A, A right petrosal venogram demonstrates left petrosal sinus
flow entering the anterior condylar vein (long arrow), with no flow
into the left [IJV (marked by the left-sided catheter, curved arrows).

B, Left-sided cavernous sinus blood samples were obtained
after a subselective catheter was manipulated through the right
cavernous sinus and an intercavernous sinus into the left cavernous
sinus. This image was obtained after the guidewire was successfully
placed in the left cavernous sinus, but before the catheter was
advanced over it.

C, A right-sided cavernous sinus sample was obtained after the
catheter was withdrawn. Here, the catheter is shown with the
guidewire in place to enhance its visibility.

into the ipsilateral cavernous sinus and 5-minute
post—corticotropin-releasing hormone samples
were obtained from the right cavernous sinus and
a peripheral vein. This technique does not permit
either simultaneous bilateral IPS sampling or col-
lection of timed samples (because of the small
size of the catheter lumen and the long time
period required to aspirate a 10-mL blood sam-
ple), but it is the only method that permits bilat-
eral sampling in these patients. However, the risk
of injury to the IPS and cavernous sinus is in-
creased because of the extensive catheter and
guidewire manipulation. This procedure is rec-
ommended only if the required information is
critical to the patient’'s management and can be
gained in no other way. The study should be done
by an experienced angiographer.

Cc
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