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The superficial middle cerebral vein (SMCV) usu-
ally runs inferiorly and anteriorly along the sylvian 
fissure and leads into the sphenoparietal sinus or 

directly into the cavernous sinus (CS).3,5,13,25,27 Hacker 
classified the SMCV drainage pattern into 4 types: 1) 
sphenoparietal sinus, 2) sphenobasal vein (SBV), 3) sphe-
nopetrosal vein, and 4) cortical veins with the absence of 
a definite SMCV.9

The anterior transpetrosal approach (ATPA) is best 
suited for upper petroclival lesions located anterior and 
superior to the internal auditory canal and superior to the 

inferior petrosal sinus.15,16 Epidural procedures and dural 
incision of the middle temporal fossa in ATPA may inter-
rupt drainage routes from the SMCV.

It has been demonstrated that surgical interruption of 
the SMCV leads to temporal lobe damage.1,17 We need to 
consider postoperative changes in the pattern of SMCV 
drainage and the possibility of complications due to surgi-
cal interruption of venous drainage at the temporal skull 
base. To investigate the relationship between anatomical 
variations in the SMCV and modification to the ATPA, we 
have demonstrated the modifications made to the ATPA 
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obJective The drainage of the superficial middle cerebral vein (SMCV) has previously been classified into 4 sub-
types. Extradural procedures and dural incisions during the anterior transpetrosal approach (ATPA) may interrupt the 
route of drainage from the SMCV. In this study, the authors examined the relationship between anatomical variations in 
the SMCV and the corresponding surgical modifications to the ATPA that are necessary for venous preservation.
methods This study included 48 patients treated via the ATPA in whom the SMCV was examined using 3D CT venog-
raphy. The drainage patterns of the SMCV were classified into 3 types: cavernous or absent (Type 1), sphenobasal (Type 
2), and sphenopetrosal (Type 3). Type 2 was subdivided into medial (Type 2a) and lateral (Type 2b), and Type 3 was sub-
divided into vein (Type 3a), vein and sinus (Type 3b), and sinus (Type 3c). The authors performed 3 ATPA modifications 
to preserve the SMCV: epidural anterior petrosectomy with subdural visualization of the sphenobasal vein (SBV), modifi-
cation of the dural incision, and subdural anterior petrosectomy. Standard ATPA can be performed with Type 1, Type 2a, 
and Type 3a drainage. With Type 2b drainage, an epidural anterior petrosectomy with subdural SBV visualization is ap-
propriate. The dural incision should be modified in Type 3b. With Type 3c, a subdural anterior petrosectomy is required.
results The frequency of each type was 68.7% (33/48) in Type 1, 8.3% (4/48) in Type 2a, 4.2% (2/48) in Type 2b, 
14.6% (7/48) in Type 3a, 2.1% (1/48) in Type 3b, and 2.1% (1/48) in Type 3c. No venous complications were found.
coNclusioNs The authors propose an SMCV modified classification based on ATPA modifications required for ve-
nous preservation.
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venous preservation in the anterior transpetrosal approach

during our experience with patients who had petroclival 
lesions, and we have reorganized Hacker’s classification to 
ensure venous preservation.

methods
Our institutional review board approved this study, and 

written informed consent for imaging examinations was 
obtained from all patients.

study population
This study consisted of 48 patients treated via the ATPA 

in our hospital between 2010 and 2014. These included 
20 male and 28 female patients, 12–75 years (mean age 
52.8 years). We modified the ATPA in patients in whom 
the SMCV could have been injured by the procedure. The 
drainage patterns of the SMCV were examined on the op-
erative side in these patients by using 3D CT venography 
(CTV).

the 3d ctv protocol
All examinations were performed with a CT scanner 

(Aquilion one; Toshiba Medical Systems) equipped with 
320 detector rows (each 0.5 mm wide) covering 16 cm of 
volume per rotation. Initially, a test bolus scan was per-
formed at the level of the carotid bulb to determine the 
optimal timing of dynamic scans using an intravenous in-
jection of nonionic contrast medium (20 ml) at a rate of 
5 ml/second, followed by saline (20 ml). Subsequently, 
CT digital subtraction angiography (DSA) scans were ob-
tained after a 50-ml bolus injection of contrast medium at 
the rate of 5 ml/second, followed by saline (20 ml). The CT 
DSA scans consisted of a volume scan before the arrival 
of contrast media to provide an unenhanced mask volume 
data set for subsequent bone subtraction, continuous vol-
ume scans over 10 seconds (rotation time 1 second), and 
4 intermittent scans with an interval of 4 seconds as ve-
nous phases. Other scan parameters were as follows: field 
of view 25 cm; slice thickness 0.5 mm; tube voltage 80 kV; 
and current-time product 350 mA (first and last phases) and 
100 mA (other phases). Multiphase and multidirectional 
CT DSA images were generated for venous evaluation by 
using maximum intensity projection and volume-render-
ing methods. The volume-rendering images of arterial and 
venous phases were superimposed on bone images of the 
skull base to improve the recognition of skull base vascular 
anatomy. The 3D CTV scans were evaluated by the same 
neurosurgeon on 2 separate occasions.

Classification of SMCV
Variations among the SMCVs in 48 sides in the ATPA 

cases were classified into 3 types and 6 subtypes based on 
preoperative 3D CTV and intraoperative findings. Hack-
er classified the SMCV into 4 groups; CS, sphenobasal, 
sphenopetrosal, and absent type.9 We rearranged Hacker’s 
classification for the purpose of venous preservation in 
the ATPA (Figs. 1–3). Cavernous and absent types were 
grouped together (Type 1) (Fig. 1); sphenobasal type was 
divided into medial and lateral types (Types 2a and 2b) 
(Fig. 2); and sphenopetrosal type was divided into vein, 

vein and sinus, and sinus types (Types 3a, 3b, and 3c) (Fig. 
3). “Sinus” means the vein going through the interdural 
space. In the case of Type 1, the vein enters the spheno-
parietal sinus to drain directly into the CS (Fig. 1A and 
C) or the vein may be absent (Fig. 1B and D). In Type 
2, the venous drainage runs parallel to the lesser wing of 
the sphenoid and drains into the pterygoid venous plexus 
through the medial (Fig. 2A and C) or lateral (Fig. 2B and 
D) side of the foramen ovale. In Type 3, the vein passes 
posterior along the floor of the middle cranial fossa to 
drain into the transverse sinus or the posterior part of the 
superior petrosal sinus (SPS) (Fig. 3A–D). In this type, 
we intraoperatively identified whether the vein was the 
sphenopetrosal vein or sinus and confirmed the subtype 
by visualization of the SMCV from the subdural side. Ad-
ditionally, we encountered the vein undefined by Hacker’s 
classification (Fig. 3E).

Modification of ATPA for Venous Preservation
In the case of Type 1, Type 2a, and Type 3a, we per-

formed a standard epidural ATPA (Fig. 4A–D, F). As for 
other types of SMCV, we implemented 3 types of modifi-
cation to the ATPA for venous preservation: epidural ante-
rior petrosectomy with subdural visualization of the SBV 
for lateral type SBV (Type 2b) (Fig. 4E); dural incision 
modification for the sphenopetrosal vein draining into the 

Fig. 1. Type 1 (cavernous or absent type) includes CS (a) or absent 
type (b) in Hacker’s classification.  c and d: Representative 3D CTV 
scans showing the cavernous type (C) and absent type (D) SMCV. Ar-
row in C designates the vein showing classification. FO = foramen ovale; 
MMA = middle meningeal artery; TS = transverse sinus. Drawings in A 
and B copyright Maaya Orii. Published with permission. Figure is avail-
able in color online only.
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sphenopetrosal sinus in the middle fossa (Type 3b) (Fig. 
4G); and subdural anterior petrosectomy for the spheno-
petrosal sinus in the middle fossa (Type 3c) (Fig. 4H). We 
did not encounter veins in which the transition from the 
sphenopetrosal vein to the sinus is found (as in Type 3b), 
where the dura mater could not be peeled from the middle 
fossa (Fig. 4I).

Procedure of Each Modification
Epidural Anterior Petrosectomy With Subdural Visualization of 
the SBV

After the SBV was subdurally visualized by retracting 
the anterior part of the temporal lobe, the temporal basal 
dura mater posterior to the SBV was cut and the dura ma-
ter medial to the greater petrosal nerve (GPN) and along 
the edge of the petrous apex was dissected to expose the 
petrous apex epidurally (Fig. 4E).

Modification of the Dural Incision
We first confirmed the part at which the vein ran from 

the sphenopetrosal vein into the temporal basal dura as a 
sinus from the subdural side. We then cut the basal dura 
of the temporal lobe anterior to that region and medial to 
the sinus (Fig. 4G).

Subdural Anterior Petrosectomy
After we confirmed that the drainage route of the 

SMCV was a sinus from the subdural side, we identified 
the petrous apex from the subdural side, judging by the 
surrounding structures and using navigation and/or GPN 
monitoring. The dura was then cut medial to the GPN and 
along the edge of the petrous apex, and the petrous apex 
was drilled out (Fig. 4H).

results
Table 1 summarizes the distribution of each drainage 

type and shows the comparison with Hacker’s classifica-
tion among 48 patients treated using the ATPA. The fre-
quency of each type was as follows: Type 1, 68.7% (33/48); 
Type 2a, 8.3% (4/48); Type 2b, 4.2% (2/48); Type 3a, 14.6% 
(7/48); Type 3b, 2.1% (1/48), and Type 3c, 2.1% (1/48). No 
venous complications were found in these cases. We have 
summarized the relationship between variations in the 
SMCV and modifications to the ATPA required for ve-
nous preservation in Table 2.

illustrative cases
We have illustrated each ATPA modification used for 

venous preservation with the following representative 
cases.

case 1: epidural anterior petrosectomy with subdural 
Visualization of SBV (Type 2b)

A 34-year-old woman presented with headache. Im-
aging studies revealed a lesion in the prepontine cistern 
(Fig. 5A). Preoperative 3D CTV revealed that the SMCV 
drained into the posterolateral side of the foramen ovale 
(Fig. 5B). To preserve the drainage route, the SBV was 
visualized from the subdural side and the temporal basal 
dura mater was cut posterior to the SBV. The middle men-

ingeal artery was preserved to avoid exposing the fora-
men ovale, and the posterior part of the temporal lobe was 
retracted with the dura mater. The dura mater was incised 
medial to the GPN and along the edge of the petrous apex, 
exposing the petrous apex (Fig. 5C–E). The tumor was 
completely removed, and no venous complications were 
found postoperatively (Fig. 5F).

Case 2: Modification of Dural Incision (Type 3b)
A 31-year-old man presented with left facial hypesthe-

sia. MRI revealed a left parasellar chordoma (Fig. 6A). 
Preoperative angiography showed that the venous drain-
age of the SMCV ran through the middle fossa into the 
sphenopetrosal vein or sinus (Fig. 6B). The patient initially 
underwent surgery using a subtemporal epi- and interdu-
ral approach, and the tumor was subtotally excised. A sec-
ond operation in which a subtemporal subdural approach 
was used was performed 1 month later. From the subdural 
side, we first confirmed that the vein ran from the spheno-
petrosal vein into the temporal basal dura as a sinus (Fig. 
6C). After we identified the transitional region from the 
vein to the sinus subdurally, we cut the temporal lobe basal 
dura anterior to that region and medial to the sinus (Fig. 
6D and E). The soft compartment of the tumor was totally 
removed. Postoperatively, no venous complications were 
observed (Fig. 6F).

Fig. 2. Type 2 (sphenobasal type) includes the SBV type in Hacker’s 
classification.  a: Type 2a has drainage to the medial side of the fora-
men ovale.  b: Type 2b has drainage to the posterolateral side of the 
ovale.  c and d: Representative 3D CTV scans showing Type 2a (me-
dial) (C) and Type 2b (lateral) (D). Arrows designate the vein showing 
classification. Drawings in A and B copyright Maaya Orii. Published with 
permission. Figure is available in color online only.
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case 3: subdural anterior petrosectomy (type 3c)
A 26-year-old man presented with headache and dip-

lopia. The patient had undergone subtotal excision of a 
clival giant cell tumor 8 months prior via an endoscopic 
endonasal approach and had received stereotactic radio-
surgery to treat the residual tumor. Imaging studies re-
vealed a solid lesion, located in the clivus, pressing on 
the brainstem posteriorly (Fig. 7A). Preoperative 3D CTV 
showed that the SMCV ran through the middle fossa pos-
terolaterally and turned anteromedially to the foramen 
ovale (Fig. 7B). The patient underwent an ATPA. We 
confirmed that the drainage route of the SMCV was a 
sinus subdurally. Although we tried to peel back the tem-
poral basal dura from the skull base, it was impossible to 
expose the petrous apex epidurally because of the emis-
sary vein from the dural sinus of the middle fossa. We 
identified the petrous apex from the subdural side, judg-
ing by the surrounding structures and using navigation 
(Fig. 7C). The dura was then cut medial to the GPN and 
along the edge of the petrous apex, and the petrous apex 
was drilled out (Fig. 7D and E). The subdural tumor was 
partially removed. Postoperatively the patient developed 

mild worsening left hemiparesis, but no venous complica-
tions (Fig. 7F).

discussion
In 1974, Hacker classified the SMCV into 4 subtypes by 

angiography: CS, sphenobasal, sphenopetrosal, and absent 
type.9 In 2000, Suzuki and Matsumoto reported another 
classification of the SMCV based on embryological devel-
opment by using 3D CTV.25 Although these classifications 
were considered important for preoperative evaluation, a 
detailed explanation of the appropriate surgical procedure 
for each of the venous variations has not yet been reported. 
In this study we report a new classification of the SMCV 
for surgical procedures, especially ATPA.
Basic Concept of the ATPA

The ATPA was first described in 1985 for upper pet-
roclival lesions located anterior and superior to the in-
ternal auditory canal and superior to the inferior petro-
sal sinus.15,16 The standard ATPA for skull base lesions 
fundamentally requires epidural subtemporal procedures 
to expose the petrous apex adequately (Fig. 4A).4,10 The 

Fig. 3. Type 3 (middle fossa type) includes the sphenopetrosal type by Hacker’s classification (a–d) and the sinus that passes 
posteriorly along the middle cranial fossa and cannot be included in Hacker’s classification due to its unique course (e). In this 
type, we should first confirm the location of the vein or sinus from the subdural side.  a: Type 3a is the vein type.  b: Type 3b is 
the vein and sinus type, in which the basal dura mater can be peeled back from the middle fossa, and the dural incision should 
be modified according to the transitional region from vein to sinus.  c: Type 3c is the sinus type, in which the basal dura cannot 
be peeled back from the middle fossa.  d and e: Representative 3D CTV scans showing Type 3 (petrosal type) (D) and the other 
sinus undefined by Hacker’s classification (E). Arrows designate the vein included in Type 3 in our classification; solid blue line 
denotes the venous part of the SMCV; and transparent blue line denotes the sinus part of the SMCV. SphPS = sphenopetrosal 
sinus; SphPV = sphenopetrosal vein. Drawings in A–C copyright Maaya Orii. Published with permission. Figure is available in 
color online only.
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middle meningeal artery is coagulated and cut. The GPN 
is dissected in the interdural layer to preserve the nerve.12 
To achieve improved exposure of the petroclival region 
through the middle fossa corridor, and to gain a wider 
operative field, the petrous apex must be totally resected 
(Fig. 4B). The dura of the temporal lobe and posterior fos-
sa is then cut to ligate the SPS and the tentorium (Fig. 4C). 
Various modifications of the ATPA to improve exposure 
of the petroclival region have been described, including 
additional zygomatic osteotomy, anterior mobilization of 

the mandibular nerve, and an extensive middle fossa ap-
proach.2,6,7,29

veins and the atpa
There have been several reports regarding veins and 

their impact on the ATPA. Guppy et al. reported a rela-
tionship between the venous drainage system of the in-
ferior and lateral temporal lobes and the choice of lateral 
cranial base approach.8 They stressed the importance of 
the vein of Labbé and venous lake of the tentorium. Sakata 
et al. focused on temporal bridging veins other than the 
vein of Labbé and emphasized the importance of reducing 
any likelihood of venous complications during surgery.21 
Hayashi et al. reported a relationship between the venous 
pattern encountered in the ATPA and surgical results.10 
They concluded that venous drainage from the CS should 

Fig. 4. Schema of venous preservation for each type.  a–c: Standard steps in the ATPA.  a: Exposure of the petrous apex 
(PA).  b: Drilling of the PA.  c: Dural incision to ligate the SPS.  d and e: Comparison of Type 2a and Type 2b. In Type 2a, we can 
expose the PA because the SBV is medial to the foramen ovale (D). In Type 2b, we should perform an epidural anterior petrosec-
tomy with subdural visualization of the SBV (E).  F–h: Comparison of Types 3a–c. In Type 3a, we can incise the temporal basal 
dura in the standard way, as in Type 1 (F). In Type 3b, we should modify the dural incision to avoid injury of the sphenopetrosal 
sinus (modification of dural incision) (G). In Type 3c, the temporal basal dura cannot be peeled back, and the subdural exposure 
and drilling of the PA are required (subdural anterior petrosectomy) (H).  i: A case in which the transition from the sphenopetrosal 
vein to the sinus is like Type 3b (panel G), but the temporal lobe dura cannot be peeled off. In the subdural view, the sphenopetro-
sal vein is bridged to the dural sinus. The cranial nerves are numbered. Arrows denote the direction of venous flow. AE = arcuate 
eminence; FR = foramen rotundum; TE = tentorium; TL = temporal lobe; TLD = temporal lobe dura; V3 = mandibular nerve. Figure 
is available in color online only.

TABLE 1. Distribution of SMCV variants among 48 patients 
treated using the ATPA: comparison between our modified 
classification and Hacker’s classification

Modified Classification

Corresponding 
Hacker’s  

Classification
No. of  
Patients %

Type 1 (cavernous or absent) CS or absent 33 68.7
Type 2a (sphenobasal: medial) Sphenobasal 4 8.3
Type 2b (sphenobasal: lateral) 2 4.2
Type 3a (sphenopetrosal: vein) Sphenopetrosal 7 14.6
Type 3b (sphenopetrosal: vein &  
  sinus)

1 2.1

Type 3c (sphenopetrosal: sinus) 1 2.1

TABLE 2. Modification of the ATPA according to SMCV variation

Modification of the ATPA Variation of SMCV

1. Standard ATPA Types 1, 2a, & 3a
2. Epidural anterior petrosectomy w/ subdural  
  visualization of SBV

Type 2b

3. ATPA w/ modification of dural incision Type 3b
4. Subdural anterior petrosectomy Type 3c
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be preserved into the pterygoid venous plexus, rather than 
into the inferior petrous sinus.

Venous congestion leads to brain injury.17 Some authors 
have reported postoperative venous infarction at a rate of 
2.6%–13%.1,14,20 Cerebral venous circulation disturbances 
can cause unexpected severe postoperative complications 
in neurosurgical practice.19 We performed 3D CTV to 

evaluate venous draining patterns preoperatively, which is 
very useful in considering preoperative strategies to pre-
serve the SMCV. The usefulness of this procedure was 
stressed in a previous report.10

Classification of the SMCV
We have reorganized Hacker’s classification based on 

Fig. 5. Illustrative Case 1. A case of epidural anterior petrosectomy with subdural visualization of the SBV.  a: Preoperative diffu-
sion-weighted MR image showing an epidermoid cyst in the prepontine cistern and the right cerebellopontine angle.  b: Preopera-
tive 3D CTV scan showing that the SMCV drained into the posterolateral side of the foramen ovale (arrow).  c and d: Intraopera-
tive photographs showing that the dura mater medial to the GPN was cut (C) and the petrous apex was drilled while preserving the 
SBV (D).  e: Schema of epidural anterior petrosectomy with subdural visualization of the SBV.  F: Diffusion-weighted MRI study 
obtained after definitive surgery showing total removal and no venous complications. Drawing in E copyright Maaya Orii. Published 
with permission. Figure is available in color online only.

Fig. 6. Illustrative Case 2. A case requiring modification of the dural incision.  a: Preoperative contrast-enhanced T1-weighted 
MR image showing a left parasellar chordoma.  b: Preoperative venogram showing the SMCV draining through the sphenopa-
rietal vein or sinus (arrow).  c and d: Intraoperative photographs showing the transitional region from the vein to the sinus. The 
dotted line shows the incision of the temporal lobe dura anterior to the transitional region and medial to the sinus.  e: Schema of 
dural incision modification.  F: Contrast-enhanced CT scan obtained after definitive surgery showing total removal and no venous 
complications. Drawing in E copyright Maaya Orii. Published with permission. Figure is available in color online only.
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our own experiences (Fig. 1–3). Type 1 corresponds to the 
CS or absent type (Fig. 1), Type 2 to the sphenobasal type 
(Fig. 2), and Type 3 to the sphenopetrosal type (Fig. 3) in 
Hacker’s classification. Type 2 is classified into 2 subtypes: 
medial (Type 2a) and lateral (Type 2b), depending on the 
side of the foramen ovale through which the vein drains 
(Fig. 2). Type 3 is classified into 3 subtypes: vein (Type 
3a), vein and sinus (Type 3b), and sinus (Type 3c) (Fig. 3). 
Especially in Type 2b, Type 3b, and Type 3c, we should 
consider modification of the ATPA for venous preserva-
tion (Fig. 4A–H): an epidural anterior petrosectomy with 
subdural visualization of the SBV for Type 2b (Fig. 4E); 
modification of the middle fossa dura for Type 3b (Fig. 4F); 
and subdural anterior petrosectomy for Type 3c (Fig. 4H).

In Type 1, a standard ATPA is appropriate (Fig. 4A–C).  
If the SMCV is absent, however, the vein of Labbé and 
temporal bridging veins tend to develop, and these veins 
need to be treated carefully.28

Preservation of the SBV in ATPA has been described 
by Ichimura et al.11 They explained the procedure for epi-
dural anterior petrosectomy with subdural visualization of 
the SBV (Fig. 4E). Briefly, after the SBV was visualized 
subdurally by retracting the anterior part of the temporal 
lobe, the temporal basal dura mater posterior to the SBV 
was cut and the dura mater medial to the GPN and along 
the edge of the petrous apex was dissected to expose the 
petrous apex epidurally. 

However, we have encountered cases in which a stan-
dard ATPA could be performed because the SBV drained 
into the medial side of the foramen ovale and did not in-
terrupt the corridor (Type 2a) (Fig. 4D). We have distin-
guished cases in which the SBV drains into the medial side 
of the foramen ovale (Type 2a) from those draining into the 
lateral side (Type 2b).

In Type 3, it is important to examine from the subdu-

ral side whether the SMCV is a vein, both a vein and a 
sinus, or a sinus, because the difference between a vein or 
a sinus cannot be determined preoperatively. In the case 
of both vein and sinus, the dural incision should be modi-
fied to avoid injuring the sinus part in the sphenopetrosal 
type (Type 3b) (Fig. 4G). In the case of a sinus (Type 3c), 
a subdural anterior petrosectomy should be considered 
(Fig. 4H). The subdural anterior petrosectomy has been 
reported by Steiger et al.24 They reported a subdural an-
terior petrosectomy as follows: after opening of the basal 
dura mater, the tentorium is incised behind the entrance 
of the trochlear nerve toward the SPS, and the dura is 
stripped from the petrous pyramid. Drilling then starts at 
the petrous ridge and proceeds laterally and ventrally. Our 
concept for the subdural anterior petrosectomy is similar 
to the approach reported by them. A navigation system and 
monitoring by GPN stimulation are useful for subdural 
identification of the petrous apex.26

Modification of the ATPA
We performed 3 modifications to the ATPA: the epi-

dural anterior petrosectomy with subdural visualization of 
the SBV (Figs. 4E and 5E); the ATPA with modification of 
the dural incision (Figs. 4G and 6E); and the subdural an-
terior petrosectomy (Fig.s 4H and 7E). Table 2 summariz-
es the relationship between the modification of the ATPA 
and each type of SMCV. We have not yet experienced a 
case with the transition from the sphenopetrosal vein to 
the sinus as in Type 3b, where the dura cannot be peeled 
from the middle fossa (Fig. 4I). In such a case, although 
we could consider a subdural anterior petrosectomy, the 
vein could tether to the dural sinus as a bridging vein and 
interrupt the operative corridor. In this case, a staged “in-
tentional” bridging vein ligation or retrosigmoid approach 
could be considered.18,22,23 Staged intentional bridging vein 

Fig. 7. Illustrative Case 3. A case requiring subdural anterior petrosectomy.  a: Preoperative contrast-enhanced T1-weighted MR 
image showing a clival tumor indenting the brainstem posteriorly.  b: Preoperative 3D CTV showing that the SMCV ran postero-
laterally and turned anteromedially to the foramen ovale (arrowheads).  c and d: Intraoperative photographs showing the site of 
dural incision (dotted line) (C) and the petrous apex visualized from the subdural side (D).  e: Schema of subdural anterior petro-
sectomy.  F: Contrast-enhanced T1-weighted MR image obtained after definitive surgery showing subtotal excision and no venous 
complications. Drawing in E copyright Maaya Orii. Published with permission. Figure is available in color online only.
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ligation is based on the idea that the cutting of the bridg-
ing veins from the temporal lobe to the floor of the middle 
cranial fossa in the first stage can lead to redirection of 
the venous drainage over time. However, we should still 
consider the risk of venous infarction in this procedure.

conclusions
We have described the surgical modification of the 

ATPA for vein preservation: epidural anterior petrosec-
tomy with subdural visualization of the SBV, ATPA with 
dural incision modification, and the subdural anterior 
petrosectomy. We have also proposed a new SMCV clas-
sification based on our experience: cavernous or absent 
(Type 1), sphenobasal (Type 2), and middle fossa type 
(Type 3) to ensure venous preservation.
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