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Introduction: Modern Skull Base Surgery and Timeless 
Strategic Philosophy
Walter C. Jean

 ■ How Do We Start?
The Goal: Three Factors
Sun Tze was a Chinese general and philosopher, active during the 
tumultuous late Chou dynasty around 500 B.C. His masterpiece, 
“bin’ fa,” which loosely translates to “soldiering way or method,” 
is widely known in the Western world as “Art of War.” He wrote,

…the general who wins a battle makes many calculations in his 
temple ere the battle is fought…do many calculations lead to victory, 
and few calculations to defeat… It is by attention to this point that I 
can foresee who is likely to win or lose.

The most important “calculation” that one must make before 
designing an operation is the enunciation of the over-arching 
surgical goal. Just as the overall aim of a war will influence how 
individual battles are fought, the surgical goal will affect the 
design of an operation. As such, the main reason to set the sur-
gical goal is so that one can tailor-make the operation to achieve 
those specific goals. An example of how the goal dictates the 
approach is illustrated by the patient whose MRI is shown in. 
Fig. I.1. This was a 74-year-old woman with active breast can-
cer, presenting with worsening balance. Surgery was necessary 
to halt her neurological deterioration, and while her co-mor-
bidities limited the surgical goal, they do not nullify them. But, 
whereas a complex petrosectomy might be the right approach 
for a radical resection, a subtemporal/transtentorial approach is 
perhaps the better choice for her given the more rational goal of 
partial resection for brainstem decompression.

…just as water retains no constant shape, so in warfare there are no 
constant conditions…

Since no battle plan ever survives an encounter with the 
enemy, the fluidity of the operation is another important reason 
for setting a firm goal. As an operation progresses, predictable 
changes in the anatomy during the approach and tumor removal 

may lead to unpredictable events that distort the calculations 
previously made. Events such as disruption of an important blood 
vessel, fluctuations in the monitored brainstem potentials, or 
 discovery that the tumor is hopelessly adherent to a cranial nerve, 
can alter what the surgeon does, but they do not change the aim 
of the operation. At such moments when pre-made plans are dis-
rupted by events or findings during the operation, it is critically 
important to focus on the goal of surgery when adjusting those 
plans. If the goal has yet to be reached, then one must proceed 
and find alternate ways to achieve the goal. On the other hand, if 
for example the goal of surgery was “brainstem decompression” 
and that has already been achieved, then continuing the opera-
tion for a complete tumor removal under those conditions may 
risk further or more serious complications.

The variables that enter the calculations for the surgical goal 
generally fall into three types: patient, anatomic, and surgeon 
factors. Patient factors are relatively easy to understand, and most 
surgeons learn to do these calculations in medical school. Gener-
ally speaking, these factors include conditions and  occurrences in 
the patient’s past, such as cardiopulmonary co-morbidities, and 
the treatment history of the patient’s tumor (Box 1).

In the practical art of war, the best thing of all is to take the enemy’s 
country whole and intact; to shatter and destroy it is not so good.

The achievement of a cure is a holy grail for physicians, but as 
modern medicine can still only manage such common  diseases 

Fig. I.1 MRI of a 74-year-old female breast 
cancer patient with deteriorating balance.

Box 1. Patient Factors

• Pre-existing health issues such as cardiovascular or pulmonary 
disease

• Use of anti-coagulation
• Previous treatment for the same tumor such as prior surgery or 

radiation therapy
• Psycho-socio-economic factors that may impact on recovery 

period
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like diabetes, a cure remains elusive for most problems. Skull 
base surgeons chase similar holy grails of complete resec-
tions with pristine postoperative MRI scans, but none of that 
is meaningful if the patient is harmed. Careful consideration 
of the patient’s age, co-morbidities and treatment history will 
prevent a well-intended operation from hurting the patient.

Water shapes its course according to the nature of the ground over 
which it flows; the soldier works out his victory in relation to the foe 
whom he is facing.

Working out this relation with the “foe” requires under-
standing the intricacies of anatomy. Anatomic factors are often 
subtler than patient factors, and surgeons spend their years in 
training learning to make these calculations, such as consider-
ing the size and location of the tumor, and where it is protected 
from approach by the bony skull, and where it might be more 
exposed for approach (Box 2).

There are roads which must not be followed…towns which must not 
be besieged, positions which must not be contested…the power of 
shrewdly calculating difficulties, dangers and distances, constitutes 
the test of a great general.

Tumor location is perhaps the single most important anatomic 
consideration for setting the surgical goal. For example, the MRI in 
Fig. I.2 belonged to a 64-year-old woman with asymptomatic, radi-
ographic progression of her tumor (Fig. I.2). The tumor compressed 
the pons and involved the left cavernous sinus. Whereas brain-
stem decompression is rationally necessary, risking  oculomotor  
dysfunction and carotid injury by removing the cavernous por-
tion is unwise in this asymptomatic woman nearing her 70s.

Consideration of the tumor type is another important aspect 
of the anatomic calculations. A poignant example of this is 
shown in Fig. I.3. The majority of adult cerebellar tumors are 
metastatic in nature, and these are most commonly removed by 
entering to debulk the mass and resecting the tumor piecemeal 
from center outward. However, the most common primary 
tumor in this area is a hemangioblastoma, and these tumors 
must not be entered and cannot be debulked without mas-
sive blood loss. Instead, one must work around the periphery 
and resect from outside moving inward to remove the tumor 
intact. If a diagnostic angiogram confirms the suspicion of such 
a hemangioblastoma, then the goal must be set for such an en 
bloc resection.

If you know the enemy and know yourself, there will be one hundred 
victories in one hundred battles

The third set of factors is related to the surgeon, and these 
are the most difficult to calculate. It requires honesty and signif-
icant self-awareness, which some of us acquire only late in our 
careers. There are questions that we must ask ourselves before 
every operation, such as: “Do I have enough experience and 
training to do what is necessary?” or “Should that last devastat-
ing complication stop me from doing this particular operation 
again?” There are no books, mentors, or outside resources that 
can make these calculations, for these are immensely personal, 
depending on what we have learned in the past (Box 3).

Box 3. Surgeon Factors

• Training and experience to do what is necessary
• Personal experience with complications
• If a multi-disciplinary skull base team is needed, do I have this 

in place?
• Skill and experience of other team members in the operating 

room, such as anesthesiology, nursing and monitoring staff

Box 2. Anatomic Factors

• Size, location and histopathological identity
• Does the tumor engulf critical vessels or nerves where it should 

be left alone?
• Does it exist in an area where it should not be entered (e.g. 

cavernous sinus with healthy cranial nerves and carotid artery)?

Fig. I.2 MRI of a cavernous meningioma with radiographic progres-
sion over several years. 

Fig. I.3 An adult cerebellar tumor. (a) Coronal and (b) axial MRI with 
gadolinium showing a large enhancing lesion. Even though the cystic 
portion is small, the tumor was a hemangioblastoma.
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Needless to say, surgical training can vary widely between 
surgeons, but we also experience failure at different times and in 
different ways. Successes in training and failures in complications 
are the yin/yang basis of our learning, but the latter may be more 
significant. First of all, they are unique. No two surgeons can pos-
sibly experience the same complications, and thus our failures are 
personal. Secondly, whereas we are able to suppress our emotions 
almost by necessity to survive the hardship of residency train-
ing, our complications pack much heavier psychological punches. 
Rene Leriche’s oft-used quote comes to mind here: “Every sur-
geon has a cemetery where he goes to pray…to look for reasons 
for his failures,” noting that our individual way of interpreting 
failure adds yet another layer of divergence in what we learn. We 
must decide individually how bad of an outcome from a particu-
lar operation or how many complications from a certain approach 
should give us pause for repeating it again. So, while failure is uni-
versal, learning is unique, and no two surgeons can ever consider 
the same problem from exactly the same perspective.

 ■ How Do We Get There?
The Approach: Three Elements

Military tactics are like unto water; for water in its natural course 
runs away from high places and hastens downwards. So in war, the 
way is to avoid what is strong and to strike at what is weak.

For a deployment of soldiers, a flank unprotected by fortifi-
cation or natural barrier is often described as “up in the air” and 
vulnerable to assault. Similarly, a tumor may have an exposed 
side, unprotected from critical fiber tracks or eloquent cortex, 
where it might be best attacked. Cystic portions of a tumor 
near a cortical surface is one example of such a weakness, as 
approaching the tumor through the cyst often provides signifi-
cant freedom for maneuvering instruments and working space 
for the operation.

Size, configuration, location, histopathological identity, 
relationship with vessels and nerves…different combinations 
of all these characteristics determine where the tumor is best 
attacked. Subtle variations on any of these features alone can 
also impact the choice of approach in major ways. Logically, 
to best eliminate these tumors, we need infinite variations in 
surgery as well. But how do we learn infinite numbers of oper-
ations? Would that not overwhelm the learner and exhaust the 
teacher? The key is to understand that, just as a combination of 

five characteristics account for the diversity in the tumor, it is a 
similar combination of surgical approach elements that allows 
us to tailor the perfect operation for each.

There are no more than five cardinal tastes (sour, acrid, salt, sweet, 
bitter), yet combinations of them yield more flavors than can ever be 
tasted. In battle there are not more than two methods of attack-the 
direct and indirect; yet these two in combination give rise to an 
endless series of maneuvers.

The “direct” method is simply a frontal assault directly into 
the enemy. For brain tumors, one sees this direct trajectory 
simply by drawing the shortest, straightest line from the center 
of the tumor, through the least amount of brain tissue, to the 
skull surface. Simple in concept, this direct line of attack is 
applicable for convexity tumors, but for most skull base tumors 
this may blaze a trail of destruction through critical neurovas-
cular structures, making it completely unacceptable.

Thinking Inside-out: Corridor, 
Craniotomy, Modifiers

It is intuitive to design the surgical approach outside- inward, 
since that is how surgery is conducted, from incising the skin, 
to drilling the bone, to intracranial dissection. However, for 
the design of the operation, it is often easier to think the other 
way around, from inside-outward, by asking the hypothetical 
question, “What is the easiest way for the tumor to slip out of 
the head?” Following this method, the first consideration of the 
“indirect attack” for creating the conduit of the tumor’s “exit” is 
the surgical corridor.

The natural formation of the country is the solder’s best ally.

Surgical corridors are the “natural formation” of anatomi-
cal planes in the brain itself or within the skull/brain interface, 
which can lead the tumor to its exit. Whereas the direct route 
is the shortest, straightest line from the tumor to the skull sur-
face, the corridor can be considered the “indirect” route, less 
destructive and subtler. As most of these corridors involve the 
interface between brain and skull, not surprisingly, many of 
them follow dural surfaces, whether they are adherent to bone 
or more centrally-located structures such as the tentorium or 
falx cerebri.

Sometimes, these indirect routes are quite obscure. Consider 
the tumor shown in Fig. I.4. At first glance, the tumor seems 

Fig. I.4 Options for surgical approach for 
tumor resection. Conventional approach-
es options include (a) a lateral-to-medial 
trajectory, which would pose challenges 
to reach the midline portion of the tumor, 
or (b) a medial-to-lateral trajectory which 
would entail reaching the tumor by going 
through a significant amount of normal 
tissue. The inferior-to-superior approach 
through the subtonsillar corridor shown in 
(c) was chosen because it offers the best 
exposure of the tumor with the least tissue 
destruction.
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to be protected on all sides by the cerebellum. Approaching it 
from a medial direction would require damaging healthy tissue, 
and coming from a lateral direction might put cranial nerves in 
harm’s way. But when one notices that the tumor is “vulnerable” 
in the cerebellomedullary fissure, exposing it through this natu-
ral anatomical cleavage plan seems completely logical, as it is the 
most direct route to the tumor without traversing healthy tissue.

The most commonly used approach corridors used for skull 
base microsurgery are listed here (Box 4). As there is a finite 
set of these corridors, conceptualizing a complex operation 
just became much easier: to begin the design of the optimal 
approach, you start by selecting the shortest, straightest corri-
dor that can be utilized for a particular tumor. This is the first 
tier of “approach element” that we will combine with others to 
design each operation.

Box 4. Common Approach Corridors

• Anterior Corridors
 – Subfrontal
 – Interhemispheric

• Anterolateral Corridors
 – Lateral subfrontal
 – Transsylvian
 – Transcavernous

• Lateral Corridors
 – Subtemporal
 – Transtemporal

• Posterolateral Corridors
 – Presigmoid
 – Transigmoid
 – Retrosigmoid

• Posterior Corridors (supratentorial)
 – Occipital interhemispheric

• Posterior Corridors (infratentorial)
 – Infratentorial/supracerebellar
 – Transvermian
 – Subtonsillar

• Transventricular Corridors
 – Transcortical
 – Transcallosal
 – Precuneus

From the site of the tumor, the surgical corridor leading out-
ward eventually arrives at the skull. For different groups of cor-
ridors, there exists a basic bony opening, or craniotomy, that 
serves as the corridor’s standard “front door.” For example, the 
standard doorway to the anterolateral corridor, which is used 
commonly for approaching the juxtacavernous or sphenoid 
wing region, is the pterional craniotomy; whereas for a pos-
terolateral corridor, the standard opening is the retrosigmoid 
craniotomy. These doorways or openings are the second tier of 
approach elements we need to consider, but as any particular 
corridor almost always lead to the same front door, selecting 
the proper craniotomy to open any chosen corridor is usually 
quite simple (Fig. I.5).

A far more complex decision comes next. Some doors are 
locked, and you may need a key or passcode; and, if the door 
is guarded, you might even need a passport. The standard 
“bone opening” to a surgical corridor may be insufficient, 
and it is the embellishments or modifiers to these basic 
openings, in their many permutations and  combinations, 

that afford the surgeon flexibility in the approach to tai-
lor-make the perfect operation. These third-tier approach 
elements mostly involve additional bone removal to widen 
the standard doorway to the corridors. For the standard pte-
rional craniotomy, these modifiers may include removal of 
orbital structures, the zygomatic arch, or the anterior clinoid. 
For the middle fossa craniotomy, these embellishments may 
include  maneuvers such as the anterior petrosectomy or inci-
sion of the tentorium.

If you consider these three tiers of approach elements as 
building blocks, like cardinal tastes, musical notes or primary 
colors, which can be combined in infinite variation, you can 
conceptualize the design of the perfect approach without 
becoming overwhelmed by choices.

Box 5. A Demonstration of the Method

In this book, various master surgeons will discuss the thought 
process behind how they design operations. As such, I will only 
briefly demonstrate the application of this method with one 
example. Fig. I.6 shows a petroclival meningioma in a young 
man with progressive pain and a debilitating balance prob-
lem. The goal was set for brainstem decompression, with a 
secondary goal of removing as much of the tumor as possible. 
The straightest, shortest route to tumor exit appeared to be 
the posterolateral corridor, with the associated “standard” 
craniotomy of a retrosigmoid craniotomy. The tumor involved 
the clivus and reached past the midline on the left. It extended 
from a level just above the internal acoustic canal all the way to 
the foramen magnum.  Because of this, the corridor and bone 
opening needed to be expanded by a posterior petrosectomy 
and removal of the occipital condyle. These are the modifiers. 
Putting all those “building blocks” together, one arrives at a 
“Posterior petrosectomy and transcondylar approach for com-
bined pre-and retro-sigmoid resection of a petroclival menin-
gioma” as one solution to the clinical problem with which this 
young man presented. 

 ■ What Do We Do When We 
Arrive?

The Resection: Three Conditions
Controlling the Space

The good fighters … first put themselves beyond the possibility of 
defeat, and then wait for an opportunity of defeating the enemy.

Once sufficient exposure has been obtained at the end of the 
approach, controlling the surgical environment is the first 
task for the resection. This control allows you to put yourself 
“beyond the possibility of defeat,” and it mainly has to do with 
protecting healthy neurovascular structures. Frequently, this 
task is as important if not more so than removing the tumor 
itself. It is certainly critical in avoiding devastating complica-
tions. Whatever hinders you from “controlling the environ-
ment,” that blocks you from safeguarding critical structures, 
should be eliminated if possible. One such example is the 
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Fig. I.5 Skull base corridors and the three tiers of approach elements. (a) Elements in the axial plane and (b) in the coronal plane. Moving 
away from the region of interest, the first box contains the commonly-used surgical corridors to approach that region. Most of these corridors 
are natural anatomical cleavage planes of which surgeons can take advantage, to minimize tissue damage during surgery. Moving away 
from the first box, the next element is the standard bone opening utilized to access those corridors. Moving further away, the third and last 
elements are “modifiers” of the bone opening, that can expand or otherwise improve the opening to the corridors. All the elements should 
be used in different combinations to design skull base operations. Notice that even though surgery proceeds from the outside in, the deci-
sion-making process for designing the operation works inside out, with the arrows starting near the target pointing outward. 
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 tentorium or falx, which can be safely incised to gain more free-
dom to maneuver.

If precious structures can be protected right away, then 
that should be done next. For example, during an anterolateral 
skull base approach to a craniopharyngioma, the ipsilateral 
carotid artery and optic nerve may be seen very early, before 
the tumor resection. They should be disentangled from tumor, 
and safeguarded immediately for control. Sometimes, this pro-
tection occurs later. An example of this is the facial nerve dur-
ing a translabyrinthine approach to an acoustic neuroma. If the 
tumor is sizable, then tumor debulking must take place first, 
and this allows for identification of the facial nerve at the brain-
stem, which can then be protected.

Often complete control is not possible, and if a critical and 
vulnerable structure cannot be protected directly, avoiding 
“defeat” involves constantly reminding yourself to stay away 
from it as the tumor is removed. An example of this is the 
carotid artery “hidden” in the cavernous sinus during resection 
of a juxtacavernous tumor. “Stay out of the cavernous sinus,” 
like a Buddhist chant, should be droning in the background of 
your mind as the resection proceeds.

In general, each surgical move should make the next move 
safer. An example of this is the handling of feeding vessels. 
Consider the tumor in Fig. I.7. Endovascular treatment was 

Fig. I.7 MRI of a large middle fossa tumor. Yellow arrows: large  
tumor-feeding vessels emanating from the choroidal blood supply.

Fig. I.6 MRI of a young man with headache 
and debilitating balance problems: demon-
stration of the technique using corridor, 
craniotomy, modifier.
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not able to eliminate all the arterial supply to this tumor, and 
some of this supply reached the tumor on the ventricular sur-
face. If, before the resection begins, a transventricular access is 
performed to eliminate these feeding arteries, it would make 
the resection move along much more efficiently with less blood 
loss. This example also raises the point that every complex 
operation for a skull base tumor always turns into a vascular 
operation at certain junctures. Readying temporary aneurysms 
clips for use is rarely a bad idea.

If the tumor’s blood supply is significantly reduced, debulk-
ing the mass may seem far more mundane than the preceding 
steps, but like other parts of the operation, this must proceed 
with a plan. As the tumor mass is removed, the brain may 
“reclaim” some of its space, and the surgical window progres-
sively narrows. Debulking must therefore proceed in such an 
order to avoid premature closure of the working space. Fre-
quently, that means the deepest portion of the tumor must be 
removed first, as the rest of the tumor bulk acts as a “natural 
retractor” to stent open the working corridor. As removal of 
the mass continues, ideally, the tumor “delivers itself” into the 
space that is vacated, and the resection can proceed through 
progressively smaller windows. Conversely, the temptation 
to widen the operative window by deepening the retractors 
should be avoided.

Managing the Time

… though we have heard of stupid haste in war, cleverness has never 
been seen associated with long delays … In war, then, let your great 
object be victory, not lengthy campaigns.

A surgical move that makes the next move safer also makes it 
more efficient. As the example in Fig. I.7 already highlighted, 
elimination of the arterial supply automatically makes the 
resection move faster as it mitigates bleeding (Fig. I.7). 
Another aspect of speed is even more important to under-
stand. Achieving speed in surgery does not require doing 
anything quickly (i.e. “stupid haste”), but instead requires effi-
cient transition between moves without wasting time. This 
efficiency, in turn, requires anticipation of transitions. Having 
a clear operational plan focused on accomplishing the surgical 
goal allows for this anticipation.

Although every part of an operation is equally important, 
there is a logical pacing of each segment of the procedure such 
that some move faster than others. It is important to follow 
this natural flow. During the tumor resection, for example, the 
debulking steps should move expeditiously, and the efficient 
completion of these steps preserves the energy and concentra-
tion of the surgeon. This reserve can then be spent when it is 
necessary during the slow down at the “end game,” when the 
last parts of the remaining tumor is dissected away from critical 
structures such as the brainstem or cranial nerves.

.. the opportunity to defeat the enemy is provided by the enemy 
himself ...

Speed is also achieved by recognizing the precise moments 
to move aggressively. There comes a time, almost inevitably in 
every operation, where the tumor yields an opportunity for 
its own “defeat,” and it is critical for the surgeon to seize this. 
The classic example is when, after seemingly endless minutes 
of debulking the mass, a plane of separation appears next to 
the tumor capsule. If squandered, this opportunity may be lost 
for the rest of the operation as surgical debris, such as clot-
ted blood, obscures this plane. The seasoned surgeon seizes 
the momentum that the tumor yields, marks and preserves 
the separation plane to his or her advantage as the resection 
moves on.

Tempering the Zeal

… in war the victorious strategist only seeks battle after the victory 
has been won, whereas he who is destined to defeat first fights and 
afterwards looks for victory. The supreme art of war is to subdue the 
enemy without fighting.

Whether the surgical goal is excisional biopsy, decompres-
sion of the brain, separation of a target from a cranial nerve in 
preparation of radiosurgery, or complete resection, serious con-
sideration should be given to halt the resection once the goal is 
reached. With an approach well-designed and a goal rational-
ly-set, the surgeon should have little strife to finish the opera-
tion. In other words, if surgery is well-tailored, there should be 
no struggle, or “fighting,” before the goal is achieved. Pushing 
beyond that goal either means that the goal was not set prop-
erly, or the surgeon is beginning to fight. Beware that allowing 
the operation to degenerate into combat between you and the 
tumor can lead to catastrophe for the patient. Achieving the 
designated goal is for the patient; fighting beyond that is for the 
glory of the surgeon.

… to hear noise of thunder is no sign of a quick ear. What the 
ancients called a clever fighter, is one who not only wins, but 
excels in winning with ease. Hence his victories bring him neither 
reputation for wisdom or credit for courage. He wins his battles 
by making no mistakes.

Fighting beyond the goal may not be the mistake itself, but 
mistakes happen in this process, and these often lead to dev-
astating consequences for the patient. And having repeatedly 
highlighted the similarities of warfare and surgery, I must now 
emphasize the one major difference. In the former scenario, 
passion of the combatants is critical for the determination of 
the victor, whereas in the latter, passion often leads to blurring 
of the goal. As surgeons, we must keep our own emotions out 
of the operation because ultimately, it is the patient who will 
suffer the consequences of our zeal.


