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Guidelines for the Ligation of the Sigmoid
or Transverse Sinus during Large Petroclival
Meningioma Surgery
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ABSTRACT

The authors present guidelines for the ligation of the transverse or sigmoid

sinus during the surgical removal of petroclival meningiomas. The medical records

and venograms of 14 patients with a petroclival meningioma requiring transverse or

sigmoid sinus ligation treated in the Department of Neurosurgery, Seoul National

University Hospital between 1986 and 1999 were reviewed. All patients success-

fully received a sinus trial clamping during the operation. The drainage pattern of

the confluens of Herophili was classified into four types: Type A, confluens and

equal on both transverse sinuses; Type B, confluens and nondominant transverse

sinus on the tumor side; Type C, confluens and dominant transverse sinus on the

tumor side; and Type D, unilateral transverse sinus only. Of the 14 cases, four were

Type A, five were Type B, and two were Type C. There was no brain swelling after

intraoperative test clamping of the sinus for more than 30 minutes. None of the

cases developed postoperative complications related to the sinus ligation.

Patients with Type A, B, or C drainage patterns were ideal candidates for

sinus ligation, especially transverse sinus ligation, if the test clamping proved to be

safe. The sinus was cut proximal to the superior petrosal sinus, distal to the vein of

Labbé.
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During the past few decades, marked ad-

vances have been made in the development of the

petrosal approach to petroclival meningiomas. In-

tegral to the application of the petrosal approach to

petroclival meningiomas are the manipulation, man-

agement, and sacrifice of the transverse or sigmoid
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sinus. Petroclival meningiomas often become very

large before they are diagnosed because they occur

relatively infrequently and their growth pattern is

insidious. Total resection of these large tumors

requires ligation and resection of the sinus to obtain

a sufficiently wide exposure of the tumor. Some

authors have stated that the transverse or sigmoid

sinus should not be ligated due to venous complica-

tions.1 The technical difficulty of using the petrosal

approach and the likelihood of encountering

venous complications depend on the individual’s

venous anatomy and its variations. We present a

guideline for the safe ligation and resection of

the sinus.

CLINICAL MATERIALS AND METHODS

We retrospectively analyzed the venograms of 14

patients who underwent transverse or sigmoid sinus

ligation (Table 1), a subset of 60 cases diagnosed

with petroclival meningiomas between 1986 and

1999. Mean age of the 14 patients (three males,

11 females) was 43 years (range 15–61 years). The

mean tumor size was 48 mm (range, 25–90 mm).

Surgical Approach

One patient required reoperation for a recurrent

tumor. The trans-sigmoid sinus approach was used

in six cases, and the trans-transverse sinus approach

in eight cases. In all 14 patients, the sinus was

ligated and resected. Three types of transpetrosal

approaches were performed by an otologist based on

the extent of the mastectomy and petrosectomy

needed. Three patients underwent a retrolabyrin-

thine approach, nine underwent a translabyrinthine

approach, and two underwent a transcochlear ap-

proach. A combined supratentorial–infratentorial

approach was performed in five cases, and a com-

bined presigmoid and retrosigmoid approach was

performed in nine cases.

Classification of Drainage Patterns

Venograms were reviewed to identify the relative

tumor locations and the drainage patterns of

the confluens of Herophili. The drainage patterns

of the confluens of Herophili were classified into four

types (Fig. 1): Type A, confluence and equal on

both transverse sinuses; Type B, confluence and

Table 1 Clinical Summary of 14 Patients Undergoing Sinus Ligation

Patient No./Sex Age (years) Approach Sinus TCT (min) Confluens Type

1*/F 50 ST-IT,TC S 30 B

2/F 52 PS-RS,TL S 45 A

3/F 36 PS-RS,RR S 80 B

4/M 50 PS-RS,RR S 60 B

5/F 15 PS-RS,RR S — B

6/M 38 PS-RS,TC S 60 A

7/F 47 ST-IT,TL T 30 B

8/F 61 PS-RS,TL T C

9/F 44 ST-IT,TL T B

10/F 49 PS-RS,TL T 30 A

11/F 38 PS-RS,TL T C

12**/M 36 ST-IT,TL T

13**/F 41 ST-IT,TL T

14**/F 51 PS-RS,TL T

*Reoperation.
**Venography is not available.
F, female; M, male; ST-IT, supratentorial–infratentorial; PS-RS, presigmoid–retrosigmoid; TL, translabyrinth; RR, retrolabyrinth; TC,
transcochlear; S, sigmoid; T, transverse; TCT, temporary clipping time.
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Figure 1 Venograms demonstrating the types of confluens of Herophili. Type A: confluence on both transverse sinuses;

Type B: confluens and nondominant transverse sinus; Type C: confluens and dominant transverse sinus on tumor side; and

Type D: unilateral transverse sinus only. Bars indicate the sinus ligation.
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nondominant transverse sinus on the tumor side;

Type C, confluence and dominant transverse sinus

on the tumor side; and Type D unilateral transverse

sinus only. Type A was associated with an equal

drainage pattern of the transverse sinuses at the

confluens of Herophili, irrelevant of tumor location.

Type B was associated with a nondominant drainage

pattern of the transverse sinuses on the tumor side.

Type C was associated with a dominant drainage

pattern of the transverse sinuses on the tumor

side, and Type D was associated with unilateral

drainage only at the confluens of Herophili (i.e.,

transverse sinus agenesis or hypogenesis). The rela-

tionship between the type of drainage pattern and

the outcome of ligation and resection of sinus was

evaluated.

Intraoperative Test Clamping

All of the transverse sinuses were ligated and cut

proximal to the superior petrosal sinus, distal to the

vein of Labbé. Test clamping was performed with a

Yasargil temporary clip. Brain swelling was mon-

itored intraoperatively. The neurological deficits

associated with sinus ligation, which were not

related to petroclival meningioma resection, were

evaluated in all patients. Postoperative computed

tomography (CT) was obtained routinely to identify

swelling, hemorrhage, and infarction.

RESULTS

Drainage Pattern of the Confluens

of Herophili

Of the 14 cases of sinus ligation and resection, four

patients had Type A drainage, five had Type B, and

two had Type C. Venography was unavailable in

three cases. The sigmoid was ligated and resected in

six patients, five of whom underwent intraoperative

test clamping (see Table 1). The mean test clamping

time was 55 minutes (range, 30–80 minutes). No

evidence of brain swelling was observed, and no

postoperative complications related to sigmoid sinus

ligation and resection developed. Of the eight

patients who underwent ligation of the transverse

sinus, two cases also underwent intraoperative test

clamping. The test clamping time was 30 minutes,

and no postoperative complications related to sinus

ligation and resection were observed.

The transverse sinus was sacrificed proximal

to the superior petrosal sinus and distal to the vein

of Labbé. Any point in the sigmoid sinus distal to

the superior petrosal sinus and vein of Labbé is

suitable for ligation.

Illustrative Case

A 37-year-old woman had experienced a gait dis-

turbance for 4 months. On neurological examina-

tion, she exhibited hypesthesia on the right side of

the face and hearing loss. Preoperative audiometry

showed a pure tone threshold of 22 dB and a

speech reception threshold of 88% (Gardner-

Robertson hearing classification class I). CT and

magnetic resonance imaging showed a 5 cm tumor

located in the left cerebellopontine angle and ex-

tending to the middle and posterior fossae (Fig. 2).

Based on the relative location of the tumor and the

drainage pattern of the confluens of Herophili on

preoperative venography, the patient had a type B

(confluens and nondominant tumor side) pattern

(Fig. 3). A combined supra- and infratemporal

craniotomy and retrolabyrinthine petrosectomy

were performed. The sigmoid sinus was ligated

and resected after a 30-minute temporary clamp

test (Fig. 4). The tumor was resected totally and

the patient developed no postoperative neurological

deficits (Karnofsky performance scale¼ 100

[Fig. 5]).

DISCUSSION

Petroclival meningiomas constitute 10% of all me-

ningiomas.1,2 Meningiomas in this region pose a

formidable challenge for skull base surgeons because
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surgical exposure is limited, the anatomy is difficult,

and vital neurovascular structures, especially venous

structures, are at risk of injury.3–7 Another factor

that affects surgical outcome is tumor size. Tumors

developing in this region can become very large and

spread to multiple compartments before they are

diagnosed. Their clinical manifestation can be rela-

tively innocuous.1,8,9

Figure 3 Anteroposterior (A) and lateral (B) venograms demonstrating type B pattern (confluens and nondominant on

tumor side). The relative location of the tumor and drainage pattern of the confluens of Herophili are good indications for

sinus ligation and resection.

Figure 2 Temporal bone computed tomography (A) and T1-weighted axial gadolium-enhanced magnetic resonance

image (B) showing a 5 cm large tumor located in left cerebellopontine angle and extending to the middle and posterior

fossae.
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In 1905 Brochardt reported that the sigmoid

sinus could be divided to expose cerebellopontine

tumors. In 1915 Quix described ligation of the

sigmoid sinus to gain additional access to large

tumors in the posterior fossa tumor.10 In

1913, Marx used a similar approach; at autopsy,

thrombus in the transverse sinus was noted to

extend medially from the point of ligature to the

Figure 4 Operative photographs. A combined supra- and infratemporal craniotomy (A) and retrolabyrinth petrosectomy

were performed, and the sigmoid sinus was ligated and resected after 30 minutes of temporary clamp testing (B). Arrow

indicates a Yasargil temporary clip. Also indicated are the proximal and distal ligation points.

Figure 5 T1-weighted axial (A) and sagittal (B) gadolium-enhanced magnetic resonance images 1 year after surgery

confirming complete resection of the tumor from the right cerebellopontine angle and middle and posterior fossae.
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confluens of the venous sinus. In 1928

Naffziger mentioned a modification in which the

supratentorial occipital craniotomy could be incor-

porated with a previous suboccipital craniectomy

and the transverse sinus ligated to obtain a

wide exposure. In 1980 Malis reported his com-

bined suboccipital subtemporal or petrosal ap-

proach. He emphasized ligation of the transverse

sinus and preservation of blood flow through the

vein of Labbé via the contralateral side.1,11

Ligation of the Transverse

or Sigmoid Sinus

Indications for ligation and resection of the trans-

verse or sigmoid sinus are controversial. The sig-

moid and transverse sinuses can exhibit considerable

anatomic variability, especially in terms of being

larger than normal or located more anteriorly

than normal.8 Some authors have reported immedi-

ate or delayed complications (24–48 hours later)

caused by sinus ligation and resection. Complica-

tions have included infarction and hemorrhage

based on intraoperative monitoring systems.10,12

Accordingly, many surgeons have a negative opin-

ion about ligation of the transverse and sigmoid

sinuses.

In our experience, however, safe ligation of

the sinus can be achieved if the transverse sinus is

ligated and cut proximal to the superior petrosal

sinus and distal to the vein of Labbé,8,10,11,13,14 and

the following conditions are satisfied. First, the

contralateral sinus must be patent.1,8,14–16 Given

equally patent sinuses, the relative size of the sinuses

should be assessed by venography or enhanced

CT. The smaller sinus should be ligated and

resected.10,13,17,18 Finally, patients must pass a pre-

operative balloon occlusion test or jugular vein

compression test as demonstrated by carotid and

vertebral artery angiography.9 The first two situa-

tions reflect the concept underlying our classifica-

tion of the drainage pattern of the confluens of

Herophili.

Intraoperative Monitoring and

Prevention of Complications

Intraoperative monitoring aimed at preventing

postoperative deficits has been used as an adjunct

to a variety of neurosurgical operations. Intraopera-

tively, brain stem evoked potentials (BAEPs) and

somatosensory evoked potentials (SSEPs) have

been monitored in this region during tumor resec-

tion. Bejjani et al monitored intraoperative SSEPs

during the resection of cranial base tumors and

found that changes in intraoperative SSEPs had a

high predictive value. However, the absence of

changes in SSEPs did not eliminate the possibility

of deficits. The return of SSEPs to baseline pre-

dicted neurological recovery in 90% of cases, but not

all postoperative deficits were detected.19

Another method of intraoperative monitor-

ing, described by Spetzler and coworkers,14 involved

measuring sigmoid sinus pressure after test clamp-

ing of the sinus to assess contralateral venous drain-

age before cutting the sinus. When patency was

demonstrated angiographically, intravascular pres-

sure increased no more than 7 mmHg with ligation

of the sigmoid sinus. If pressure in the sigmoid sinus

increases more than 10 mm Hg by temporary

occlusion testing, the sinus should be kept intact.

Day et al used the transsigmoidal approach to

access a basal tip aneurysm. They found that in-

travascular pressure no greater than 5 mm H2O was

safe during test clamping.20 The authors believe

that the clinical detection of brain swelling reflects a

simulation of the hemodynamics of the venous

system after sinus ligation.

In our series, five sigmoid sinuses were ligated

after successful test clamping. The maximum test

clamping time was 80 minutes. There was no

evidence of brain swelling during ligation and no

postoperative complications related to sigmoid sinus

ligation. Furthermore, there were no complications

related to ligation of the transverse sinus in the two

patients who also underwent test clamping for

30 minutes during the operation. These results

suggest that sinus ligation after test clamping for

at least 30 minutes, followed by an intraoperative
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evaluation of brain swelling is a reliable and safe

technique.

CONCLUSIONS

When a wide operative field is needed to access

large petroclival meningiomas, the transverse or

sigmoid sinus is often ligated. In such cases, we

found that the patients with drainage patterns of

the confluens of Herophilli of Types A, B, and C

were suitable candidates for sinus ligation, if test

clamping proved to be safe. In the case of transverse

sinus ligation, the sinus was sacrificed proximal

to the superior petrosal sinus and distal to the vein

of Labbé. Type D drainage pattern at the confluens

of Herophili is unsuitable for sinus ligation. More-

over, the identification of brain swelling after in-

traoperative test clamping of the sigmoid or

transverse sinus for more than 30 minutes was a

reliable indicator.
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