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 Microvascular decompression (MVD) has been used to cure tens of  thousands 
of patients since it was introduced in the 1960s. Now it is still the most effec-
tive treatment for cranial nerve syndrome caused by vascular compression, 
including primary trigeminal neuralgia, hemifacial spasm, glossopharyngeal 
neuralgia, refractory tinnitus, and dizziness. The cure rate for trigeminal neu-
ralgia, hemifacial spasm, and glossopharyngeal neuralgia varies among differ-
ent centers, but it is over 90 % in most centers and can be as high as 98 %, even 
though some patients do not have good results, and some patients have recur-
rence. What’s more, MVD has risks such as facial numbness, hearing loss or 
deafness, peripheral facial paralysis, dysphagia, and hoarseness. This is mostly 
because the mechanism by which vascular compression causes cranial nerve 
syndrome is still unknown. In addition, the real cause of ineffectiveness and 
recurrence is unknown. Therefore, study on the mechanism and refi nement of 
our surgical techniques may help to improve the overall outcome. 

 As we reviewed the papers in the last 10 years, we found that many experts 
had been devoted to the study of mechanism, diagnostic criterion, surgical 
indications, operative techniques, electrophysiological monitoring, outcome 
evaluation, as well as treatment principles for ineffectiveness and recurrence. 
The results of these basic and clinical studies have further improved the theo-
retical bases for MVD, increased the reliability and safety, improved the cure 
rate, and lowered the incidence of surgery-related complications. The pur-
pose of this book is to summarize these new theories, viewpoints, techniques, 
and principles, to help clinical practice and improve cure rate. It is exciting 
that we have invited some of the most famous experts on MVD, including 
Peter Jannetta, MD, PhD; Albert L. Rhoton, Jr., MD; Raymond F. Sekula, Jr, 
MD; Aage R. Moller, PhD; Marc P. Sindou, MD; Kwan Park, MD; Anthony 
M. Kaufmann, MD; and Akinori Kondo, MD. We hope that this book can 
show the frontiers of MVD and help professionals in this area. 

 In this book, we used literature review, description, classic case reports, 
fi gures, and expert comments to make it illustrated and easy to understand. 
However, due to the limitations of personal experience, omissions are inevi-
table. We look forward to your feedbacks and suggestions.  

  Shanghai, China     Shi-Ting     Li     

  Pref ace    
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      The History of Microvascular 
Decompression Surgery                     

     Petter     Jannatta     

        Neurosurgery is a very different surgical  specialty 
from the days when this investigator was a 
research fellow and resident in the years 1957 
through 1967. Technological advances have 
enabled most of these changes from an almost 
brutal surgical specialty with many poor results to 
a fi eld wherein a normally sensitive human being 
can work happily and effectively. These advances, 
“the four factors,” include application of the 
 binocular dissection microscope to surgery, clini-
cal neurophysiology, neuroradiology imaging, and 
neuroanesthesia. These advances were all neces-
sary for the work to be described below. Two other 
important applications of technology but not used 
here include advances in stereotactic surgery (i.e., 
focused irradiation) and endovascular techniques. 
Utilization of these four factors has enabled us to 
see and do things hitherto thought impossible or at 
least highly dangerous. 

 Over the years, starting in 1965, neurosur-
geons were able to defi ne a number of cranial 
nerve diseases caused by pulsatile vascular com-
pression of the centrally myelinated (one or two 
exceptions) cranial nerves (Jannetta  1977 ). These 
entities occur as the arteries of the base of the 
brain elongate and loop about with aging, so that 
they impact the nerves. The brain also moves 

caudally in the posterior fossa with aging 
 contributing to arterial and venous pulsatile 
 compression (Jannetta  1967 ,  1968 ,  1975 ,  1997 ; 
Rand and Jannetta  1968 ) 

 The best known of the cranial nerve vascular 
compression problems are trigeminal neuralgia, 
hemifacial spasm, and glossopharyngeal neuralgia 
(Rand and Jannetta  1968 ). Other entities include 
Meniere’s disease, vertigo, tinnitus (Jannetta  1975 ), 
and spasmodic torticollis (Jho and Jannetta  1995 ). 

 More recently, beginning in 1973 and fi rst pub-
lished in 1979, brain stem vascular compression 
was found to be associated with essential hyper-
tension (Jannetta and Gendell  1979 ; Segal et al. 
 1979 ), type 2 diabetes (Jannetta and Hollihan 
 2004 ; Jannetta et al.  2010 ), and most recently 
Parkinson’s disease (Jannetta et al.  2011 ). Other 
entities not yet published include cardiac arrhyth-
mias (left and right heart), hypercholesterolemia 
and hyperlipidemias, and cerebellomedullary 
auto-compression syndrome (“hypoplastic poste-
rior fossa” as described by Rosner). The latter is 
frequently but not always associated with medul-
lary vascular compression. 

 We will not consider some of these entities in 
order: 

1.1     Trigeminal Neuralgia 

 Early work by Dandy ( 1934 ) and Gardner ( 1962 ), 
concerning vascular compression and other 
abnormalities of the root entry zone of the 
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 trigeminal nerve, forms the basis for our current 
concepts of the etiology and defi nitive treatments 
of this disabling symptom called trigeminal neu-
ralgia (TN). Dandy, starting in 1932, noted 
abnormalities of the dorsal root in a progressively 
larger percentage of his patients with TN. This 
innovative surgeon sectioned the portio major at 
the brain stem in these patients. He was able to 
treat TN without giving complete numbness by 
preserving fascicles which he described and 
called “accessory sensory fascicle” during the 
nerve section. In 5.6 % of patients where an 
extra-axial tumor was the cause of TN, he 
removed the lesion as treatment. He did not treat 
the TN by vascular compression. Indeed, it was 
impressive that he was able to see vascular com-
pression by “normal” (although perhaps elon-
gated) arteries and veins in 60 % of his patients 
without magnifi cation. Gardner further elabo-
rated upon abnormalities of the dorsal root of the 
trigeminal nerve and lucidly opined upon the 
pathophysiological mechanisms involved. 

 Others more recently described gross lesions 
such as aneurysms, tumors, and other abnormali-
ties in the cerebellopontine angle of patients with 
TN. Despite these publications, there was little or 
no acceptance of this concept until recently. 
Many reasons for this lack of acceptance may be 
given. Some of them may include relatively 
primitive technology, lack of verifi cation by oth-
ers, inadequate documentation of fi ndings, and 
rare defi nitive treatment. However, with the 
development of safer operative and anesthetic 
techniques for surgery of the cerebellopointine 
angle, the use of microsurgical techniques, pho-
tographic and videotape documentation fi ndings 
and defi nitive treatment, and the concepts of root 
entry zone abnormality as an etiology of TN and 
microvascular decompression (MVD) as therapy 
have had wide acceptance in recent years. 

 The procedure MVD appears to be indicated 
in patients of any age with intractable tic doulou-
reux who are in reasonably good health and who 
are not responding to medical therapy (Sekula 
et al.  2008 ,  2011 ). Almost all of our patients have 
had a course of carbamazepine which has been 
stopped for one reason or another. It is unfortu-
nate that the elderly and frail patients appear to 

be more sensitive to the side effects and compli-
cations of this drug. The procedure is contraindi-
cated in those who are in poor health, but the 
usual older person in generally good health 
appears to tolerate the procedure easily. A prior 
unsuccessful procedure or a recurrence is not a 
contraindication to operation. 

 The most common situation in lower facial 
TN is that the superior cerebellar artery is found 
coursing cephalad around the pons and then 
bifurcating, with the medial and lateral branches 
impinging upon the anterosuperior aspect of the 
entry zone of the nerve, the motor proprioceptive 
fascicle side, as it loops back to the brain stem 
and cerebellum. After sharp and blunt dissection 
of the widely opened arachnoid from the nerve 
and the visible part of the artery, the arterial 
loops are gently teased out from between the tri-
geminal nerve and the pons. The loops are usu-
ally longer in older patients and especially in 
those with long-standing tic douloureux. They 
must be manipulated carefully. The arterial loops 
may be quite adherent to the nerve or easily sep-
arable. Perforating branches to the pons have 
accommodated in length to the loop and will not 
tear with gentle manipulation of the vessels over 
the trigeminal nerve. 

 In the fi rst division TN, a blood vessel is seen 
compressing the inferolateral portio of the tri-
geminal nerve entry zone at the pons. The most 
common cause of isolated V2 neuralgia is com-
pression by the trigeminal vein coursing along-
side the nerve. This may run parallel to the nerve. 

 Quality of survival is excellent in the vast 
majority of patients as they remain free of pain 
with no numbness or paresthesias to remind them 
of their prior syndrome. This author may be 
accused of bias regarding quality of survival with 
this procedure versus a destructive operation. 
Others, without a vested interest, have compared 
procedures and state strongly that MVD is the 
procedure of choice in TN. 

1.1.1     Discussion 

 The concept of neurovascular compression as the 
common cause of trigeminal neuralgia has 

P. Jannatta



3

become generally accepted in recent years. The 
early reports of Gardner (VF) have been well 
supported but with inadequate technology. 
Jannetta reported his experience with vascular 
fi ndings in 1967 (Jannetta  1968 ,  1975 ), but at this 
time, he had performed only one MVD for TN 
(with Rand), although he had done a similar pro-
cedure for hemifacial spasm prior to this experi-
ence. The next verifi cation of the vascular 
etiology and of the treatments by vascular decom-
pression was by Petty in 1976, and others have 
continued to report their expanding series. 
Apfelbaum compared percutaneous radiofre-
quency lesioning (RFL) for trigeminal neuralgia 
with MVD and in 1977 (Jannetta  1975 ) published 
a large series where the quality of survival and 
results was clearly superior to the destructive 
procedure. It must be remembered that destruc-
tive procedures may be well indicated in many 
patients, the frail and elderly. 

 Vascular compression of the trigeminal nerve 
can now be clearly stated as causal of almost all 
cases of trigeminal neuralgia. As operative experi-
ence in relieving this compression grows, the results 
of operation should improve so that relief of the 
pain with little or no sequelae is a standard goal. 

 Glossopharyngeal neuralgia is similar to TN 
except that the pain is tonsillar, in ear, or within 
the throat. Both cranial nerve IX and X must be 
decompressed at the brain stem. Results are simi-
lar to TN (Resnick et al.  1995 ).   

1.2     Hemifacial Spasm 

 Hemifacial spasm (HFS) is a symptom com-
plex of hyperactive dysfunction of the facial 
nerve caused by abnormality at the root entry 
zone (REZ) of the nerve. This abnormality, 
almost always vascular cross-compression, 
most commonly occurs as a result of the aging 
process just as in other cranial nerves which 
are subject to hyperactive dysfunction. This 
problem is well known to the neurosurgical 
community (Jannetta  1968 ,  1977 ; Moussa 
et al.  2006 ; McLaughlin et al.  1999 ; Ruby and 
Jannetta  1975 ; Nielsen and Jannetta  1984 ; 
Moller and Jannetta  1985 ). 

1.2.1     Clinical-Pathological 
Correlations 

 Two major points may be made regarding clinical 
fi ndings with the pathological abnormality. First, 
the site of the vascular cross-compression is at or 
proximal to the REX (the Obersteiner-Redlich 
Zone) of the nerve. At this point, the myelin of 
the central nervous system provided by oligoden-
droglia is replaced by peripheral myelin provided 
by Schwann cells. By ultrastructural techniques, 
defects in the myelin are noted to be present here. 
Second, classical HFS is caused by a blood vessel 
on the anterior-caudal aspect of the nerve 
REZ. Atypical HFS is almost always caused by a 
blood vessel on the posterior-rostral aspect of the 
REZ. This compression may be venous rather 
than arterial (i.e., on the intramedullary facial 
nerve) and may be quite caudal on the medullary 
side of the pontomedullary junction. 

 Operative fi ndings show that the abnormality 
is usually arterial. Multiple vessels, often lying 
parallel and with one pushing another into the 
REZ, are common. The posterior interior cerebel-
lar artery is the most common causative vessel. 

 It can be noted that 93 % of patients have had an 
excellent result, although 12 patients needed a sec-
ond operation before the vascular compression was 
relieved, usually because a blood vessel had been 
missed. The majority of those who have fair results 
(partially symptomatic <25 % of preoperative 
level) had prior destructive procedures consisting 
of nerve crush, partial section, or alcohol injection. 
Only fi ve patients (2.2 %) have failures of therapy. 
It should be noted that hearing loss in the ipsilateral 
ear is the major risk of this procedure, and the 
patient must have full understanding of this risk 
before operation is performed. Our incidence of 
hearing loss is much lower than it was early on. 

 Gardner ( 1962 ) correlated the similarities in 
trigeminal neuralgia and hemifacial spasm. He 
did not inspect the root exit on one of the facial 
nerves in his hemifacial spasm patients. His 
treatment of hemifacial spasm consisted of 
application of mild trauma to the peripheral 
facial nerve or to the nerve in the cerebellopon-
tine angle. Scoville successfully treated hemifa-
cial spasm in one patient by moving a rather 

1 The History of Microvascular Decompression Surgery
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peripheral artery from the facial nerve in the 
cerebellopontine angle. He, like Gardner, did 
not use the microscope, nor did he examine the 
nerve root entry zone in this case, but may have 
inadvertently decompressed the nerve proxi-
mally by moving a more peripheral part of the 
same looping artery, a situation we have seen a 
number of times. Recent investigators have 
shown that vascular cross- compression is the 
overwhelmingly common cause of HFS and that 
it can be treated defi nitively by MVD. 

 Mild facial weakness is common in hemi-
facial spasm of long duration, especially if 
the tonus phenomenon is present. Strength 
improves gradually after vascular decompres-
sion. Experience (Jannetta  1997 ) with surgical 
binocular microscope and a thorough knowl-
edge of the normal anatomy of the cerebello-
pontine angle are vital if observations are to be 
valid and the procedure safe.   

1.3     Vertigo and Tinnitus 

 The eighth (stato-acoustic) cranial nerve, like the 
trigeminal, facial, and glossopharyngeal nerves, 
is subject to symptoms of discorded hyperactivity 
which may be gradually accompanied by pro-
gressive loss of function (Jannetta  1977 ; Moller 
and Jannetta  1985 ; Sekula et al.  2006 ; Moller 
et al.  1986 ). The hyperactive symptoms in this 
special sensory nerve which carries hearing 
(cochlear nerve) and balance (superior and infe-
rior vestibular nerves) functions consist of a cari-
cature of those normal functions of the nerve, just 
as the hyperactive symptoms in a somatic sen-
sory nerve include pain (i.e., trigeminal neural-
gia, N V) and in a somatic motor nerve, abnormal 
muscular movements or twitching (hemifacial 
spasm, N VII). Patients may fi rst have symptoms 
of cochlear and/or vestibular nerve involvement. 
Symptoms which may include tinnitus, hyper-
acusis, diplacusis, hearing loss, and vertigo may 
vary in time and intensity. Symptoms may 
develop in one branch of the eighth cranial nerve 
and then gradually involve the other. Operative 
treatment over the years has generally consisted 
of peripheral denervation. This has indeed been 
the best available treatment for patients with 

intractable symptoms. The results regarding 
quality of life and persistence of relief have not 
been excellent. Replacing one symptom with 
another has not proven to be a superior method of 
treatment. 

 The concept is based upon continued extrapo-
lation of the fi ndings in trigeminal neuralgia and 
hemifacial spasm. It seemed reasonable that the 
same should be true in the eighth cranial nerve. 
Therefore, starting in December 1972, a series of 
patients underwent microsurgical exploration of 
the nerve throughout its intracranial course in the 
cerebellopontine angle (Moller et al.  1993a ,  b , 
 1994 ). 

 The operative technique is basically the same 
as that performed for hemifacial spasm with the 
exception that the root entry zone of the eighth 
nerve must be gently dissected free from its cau-
dal contact with the fl occulus of the cerebellum 
more medially than in the hemifacial spasm oper-
ation if one is to see clearly the veins at the brain 
stem which may be causal of the symptoms. 

 We have progressively better success as our 
experience has grown. Relief of vertigo is more 
satisfactory than that of tinnitus. Severe tinnitus 
of over 2-year duration has a poor prognosis. The 
use of shredded Tefl on has improved the results 
greatly. The postoperative course is variable, but 
of interest is the fact that improvement in both 
symptoms and in testing of function is gradual 
postoperatively, often taking weeks to months for 
maximum improvement. 

 The procedure of MVD appears to be defi ni-
tive and to reverse both disordered hyperfunction 
and hypofunction. The extensive studies of 
changes in cranial nerves V, VII, IX, and X are 
being carried out (Resnick et al.  1995 ) and the 
spinal accessory nerves in spasmodic torticollis 
(Jho and Jannetta  1995 ). 

1.3.1     Loss of Function Syndromes 

 It has been shown that Bell’s Palsy is commonly 
due to a shifted arterial loop, usually AICA, 
stretching the facial nerve in the cerebellopontine 
angle (Jannetta and Bissonette  1978 ; Jannetta 
and Robbins  1980 ). Other cranial nerves are sim-
ilarly affected (Jannetta and Robbins  1980 ) .   

P. Jannatta
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1.4     Brain Stem Compression 

1.4.1     Essential Hypertension 

 In 1973 the initial observations were made on 
anterolateral medullary and adjacent left vagus 
nerve arterial compression in two patients. The 
fi rst who had what was thought to be mild hyper-
tension suffered a lethal stroke of the right fore-
brain after uneventful MVD of the right 
glossopharyngeal complex for glossopharyngeal 
neuralgia (GPN). The second patient with normal 
preoperative BP became severely hypertensive 
for over 2 weeks after MVD of the left IX–X 
nerves for GPH (Jannetta and Gendell  1979 ; 
Segal et al.  1979 ). The relationships of the 
medulla in cadavers and patients who were nor-
motensive and hypertensive and who were oper-
ated upon for other problems were then studied. 
Hypertensives had arterial compression of the 
left medulla. A prospective controlled study of 
MVD of the left medulla in hypertensives was 
performed. The MVD gave prolonged relief of 
the hypertension, but as in spasmodic torticollis, 
the improvement was slow, sometimes taking up 
to a year (Levy et al.  1998 ,  2001 , Jannetta et al. 
 1998 ). This work has been verifi ed by a number 
of German investigators, by the Japanese, and by 
several Americans. 

 Essential hypertension was associated almost 
universally with left medullary compression. The 
exceptions were a few patients with severe distor-
tion of the medulla due to one or more huge arter-
ies compressing the right side. It became obvious 
that a right-sided syndrome must exist. Study of 
the anatomy physiology and distortion of the 
right vagus nerve led us to select type 2 diabetes 
(DM2) as a likely problem.  

1.4.2     Type 2 Diabetes 

 Type 2 diabetes. 95% of diabetes mellitus is asso-
ciated with arterial compression of the right 
medulla oblongata and adjacent vagus nerve 
resulting in hyperactive dysfunction presumably 
by causing increased symptomatic tone in the 
distribution of the right vagus nerve. Problems 
develop in the patient only after small arterial 

abnormalities and occlusions develop. DM2 thus 
appears to be primarily an arterial deterioration 
syndrome. Under certain circumstances, progres-
sion of type 2 DM can be relieved and in some 
cases reversed by removing the arterial compres-
sion. Our patients all had advanced disease (Levy 
et al.  2001 ) 

 Treatment (MVD) in DM2 (17 subjects). Six 
were failures with one unchanged preoperatively. 
In the operative group (11 subjects), four had sig-
nifi cant improvement in A 1 c, fi ve were 
unchanged, and two had progressive disease. 
Only one subject was improved in a group of 
eight with a BMIO over 32. Two abject failures 
and three unchanged subjects were in the high 
BMI group. In the high BMI group, of nine sub-
jects, only one improved with operation. None of 
the three control subjects improved or remained 
the same. In the hypertensive group, 24 operative 
subjects improved, seven were unchanged or fail-
ures, seven had progressive disease, and fi ve 
were unchanged (one needing increased medica-
tion). One of the “unchanged” subjects in each 
group actually had normal blood pressure both 
pre- and posttreatment. 

 Extended follow-up. Extended follow-up of 
ten patients in the DM2 study for 3–8 years 
showed that the HbA 1 c was maintained for this 
period. Once the new notable improvements 
developed, they persisted. 

 Conclusion. Long-term follow-up of subjects 
treated by MVD and those given best medical 
therapy showed that operation is helpful, espe-
cially more so in hypertension than DM2. Further 
operative studies are needed especially in DM 
where early patients without increase in blood 
glucose should be studied. Operation before pan-
creatic failure may be more effective. This pro-
spective controlled study must be performed.  

1.4.3     Parkinson’s Disease (PD) 

 It has been shown in one PD patient that arterial 
compression of the anterolateral cerebral pedun-
cle, the region over the substantia nigra, was 
found and treated. An MRI study of 20 PD 
patients and two age- and sex-matched controls 
showed signifi cant midbrain compression in the 

1 The History of Microvascular Decompression Surgery
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PD group (Dunn and Jannetta  1973 ). The perti-
nent MRI is an axial T2 study which clearly 
shows the compression artery (posterior cerebral) 
and the cerebrospinal fl uid. MRI will be useful in 
patients with PD as they may be amenable to 
MVD of the midbrain (cerebral peduncle).  

 In this brief introductory review, we have 
attempted to bring to the reader some early back-
ground material in preparation for the body of 
contemporary treatises. Here, accomplished 
investigators will present up-to-date descriptions 
of the cerebellopontine angle, abnormalities of 
structures therein, and detailed treatment modali-
ties of the cranial nerve abnormalities.      
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2.1           Rule of 3 

 The structures within the posterior cranial fossa, 
including the brainstem, cerebellar surfaces, cer-
ebellar peduncles, cerebellar-brainstem fi ssures, 
and cerebellar arteries and veins, are organized 
into three neurovascular complexes, each associ-
ated with a major neurovascular compression 
syndrome (Fig.  2.1 ) (Hardy et al.  1980 ; 
Hitotsumatsu et al.  2003 ; Lister et al.  1982 ; 
Martin et al.  1980 ; Matsushima et al.  1982 ,  1983 ; 
Rhoton  2000b ). The upper neurovascular com-
plex including cranial nerve (CN) V and the 
superior cerebellar artery (SCA) is related to tri-
geminal neuralgia, the middle neurovascular 
complex including CNs VII and VIII and the 

anterior inferior cerebellar artery (AICA) is 
related to hemifacial spasm, and the lower neuro-
vascular complex including CNs IX–XII and the 
posterior inferior cerebellar artery (PICA) is 
related to glossopharyngeal neuralgia.

2.2        Upper Neurovascular 
Complex and Trigeminal 
Neuralgia 

 The upper neurovascular complex includes the 
SCA, midbrain, cerebellomesencephalic fi ssure, 
superior cerebellar peduncle, tentorial surface of 
the cerebellum, and CNs III–V. The SCA arises in 
front of the midbrain and passes below CNs III and 

  Fig. 2.1    Three neurovascular complexes. ( a ) The upper 
complex includes the SCA, midbrain, superior cerebellar 
peduncle, cerebellomesencephalic fi ssure, tentorial cere-
bellar surface, and CNs III–V. The middle complex 
includes the AICA, pons, middle cerebellar peduncle, cer-
ebellopontine fi ssure, petrosal surface, and CNs VI–
VIII. The lower complex includes the PICA, medulla, 
inferior cerebellar peduncle, cerebellomedullary fi ssure, 
suboccipital surface, and CNs IX–XII. The SCA is divided 
into four segments: anterior pontomesencephalic ( green ), 
lateral pontomesencephalic ( orange ), cerebellomesence-
phalic ( blue ), and cortical ( red ). Each segment may be 
composed of one or more trunks, depending on the level 
of bifurcation of the main trunk. The AICA is divided into 
four segments: anterior pontine ( green ), lateral pontomed-
ullary ( orange ), fl occulonodular ( blue ), and cortical ( red ). 
The PICA is divided into fi ve segments: anterior medul-
lary ( green ), lateral medullary ( orange ), tonsillomedul-
lary ( blue ), telovelotonsillar ( yellow ), and cortical ( red ) 
(Reprint with permission from Rhoton ( 2000a )). ( b ) The 
cerebellopontine fi ssures are V-shaped fi ssures formed 
where the cerebellum wraps around the pons and the mid-
dle cerebellar peduncles. These fi ssures have a superior 
and an inferior limb, which meet at a lateral apex. The 
cerebellopontine fi ssure is continuous with the cerebello-
mesencephalic fi ssure superiorly and cerebellomedullary 
fi ssure inferiorly. The petrosal fi ssure extends laterally 
from the apex of the cerebellopontine fi ssures. CN V 
arises from the lateral part of the pons near the point 
where the superior limb of the cerebellopontine fi ssure 
meets the cerebellomesencephalic fi ssure. CNs VII and 
VIII arise at the lateral end of the pontomedullary sulcus 
immediately rostral to the foramen of Luschka and cho-
roid plexus and ventral to the fl occulus. CNs IX–XI arise 
as a line of rootlets that exit the medulla along the poste-
rior edge of the olive in the postolivary sulcus, ventral to 
the lateral edge of the cerebellomedullary fi ssure (Reprint 
with permission from Rhoton ( 2000c )). ( c ) Posterior view 

of the cranial base with CNs and arteries preserved. CN V 
enters into Meckel’s cave, CNs VII and VIII enter into the 
internal acoustic meatus, and CNs IX–XI enter into the 
jugular foramen. The SCA arises from the basilar artery 
near the apex at the midbrain level and passes below CNs 
III and IV and above CN V. The AICA originates from the 
basilar artery and encircles the pons near CNs VI–VIII. In 
most cases, the AICA passes below CNs VII and VIII, as 
seen in this specimen, but it may also pass above or 
between these nerves. The PICA arises from the vertebral 
artery at the upper medullary level and passes posteriorly 
around the medulla, coursing rostral to or between CNs 
IX and XI. There is slight asymmetry in the level of origin 
of the AICAs and marked asymmetry in the level of the 
origin of the PICAs, as is common (Reprint with permis-
sion From Rhoton ( 2000c )). ( d ) Both SCAs arise anterior 
to the midbrain and loop downward to the level of the 
junction of CN V with the pons. The right AICA reaches 
the superior surface of CN VII at its exit, and the left 
AICA reaches the inferior surface of CN VII at its brain-
stem exit. The AICA reapproaches CNs VII and VIII near 
the internal acoustic meatus where it sends the nerve- 
related branches. The right PICA arises from the vertebral 
artery at the medullary level and loops upward toward 
CNs IX and X (Reprint with permission from Rhoton 
( 2013 )). ( e ) The cerebellum has been removed to show the 
fourth ventricle, three cerebellar arteries, and CNs V and 
VII–XII. The fourth ventricle sits on the posterior surface 
of the pons and medulla. The fl occulus projects laterally 
into the CPA (Reprint with permission from Rhoton 
( 2007 )).  A  artery,  A.I.C.A.  anterior inferior cerebellar 
artery,  Bas . basilar,  Cer . cerebello,  Chor. Plex . choroid 
plexus,  CN  cranial nerve,  Fiss . fi ssure,  Flocc . fl occulus, 
 Inf . inferior,  Med . medullary,  Mes . mesencephalic,  P.C.A . 
posterior cerebral artery,  P.I.C.A . posterior inferior cere-
bellar artery,  Ped . peduncle,  Pet . petrosal,  Pon . pontine, 
ponto,  Quad . quadrangular,  S.C.A . superior cerebral 
artery,  Sulc . sulcus,  Sup . superior,  V . vein,  Vert . vertebral       
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IV and above CN V to reach the cerebellomesence-
phalic fi ssure, where it runs on the superior cere-
bellar peduncle and terminates by supplying the 
tentorial surface of the cerebellum (Rhoton  2013 ). 

2.2.1     Anatomy of CN V 

 CN V arises from the lateral part of the pons and 
runs obliquely upward toward the petrous apex 
(Fig.  2.2 ). It exits the posterior fossa to enter the 

middle cranial fossa by passing forward beneath 
the tentorial attachment and through Meckel’s 
cave, which sits in the trigeminal impression on 
the upper surface of the petrous part of the tempo-
ral bone (Fig.  2.2a ). Throughout the interval from 
the ganglion to the junction with the pons, the 
third-division fi bers remain in a caudolateral posi-
tion, second-division fi bers in an intermediate 
position, and fi rst-division fi bers in a rostromedial 
position (Fig.  2.2c ) (Emmons and Rhoton  1971 ). 
There are anastomoses between the fi bers from 
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each division in the area posterior to the ganglion. 
The cross section of the sensory root between the 
pons and the petrous apex is elliptical. In most 
cases, the angle between the longest diameter of 
this cross section and the longitudinal axis of the 
body of CN V is 40–50°, but can vary from 10 to 
80° (Fig.  2.2d ) (Gudmundsson et al.  1971 ).

   At the junction of the nerve with the pons, as 
many as 15 motor or aberrant sensory roots may 

be spread around the rostral half of the junction of 
the main sensory cone with the pons (Fig.  2.2b ) 
(Gudmundsson et al.  1971 ). The aberrant sensory 
fi bers penetrate the pons around the rostral two- 
thirds of the main sensory root and usually join 
the root a short distance from the brainstem. Of 66 
aberrant rootlets found in our previous study of 50 
specimens, 49 joined the fi rst division, ten the sec-
ond division, and seven the third division 

  Fig. 2.2    Lateral views, right CN V. ( a ) Meckel’s cave, 
the cistern that extends forward from the posterior fossa 
along CN V to the level of the midportion of the ganglion, 
has been exposed by removing the lateral dural wall of the 
cave. The motor root arises rostral to the sensory root and 
passes through Meckel’s cave on the medial side of the 
sensory root and ganglion (Reprint with permission from 
Rhoton ( 2000b )). ( b ) Four motor rootlets, which arise 
around the rostral margin of the sensory root, have been 
elevated to expose the anastomoses between the motor 
and sensory roots. The cerebellar lip projects forward to 
form the cerebellomesencephalic fi ssure and may hide the 
junction of the sensory root with the pons in the retrosig-
moid approach (Reprint with permission from Rhoton 
( 2000b )). ( c ) A cleavage plane between the three trigemi-
nal divisions has been started anteriorly and extended 

backward to the level of the posterior root. The fi rst- 
division fi bers are rostromedial within the posterior root 
and the third-division fi bers caudolateral with the second 
division being in an intermediate location (Reprint with 
permission from Rhoton ( 2000b )). ( d ) Variability of the 
longest axis of the elliptical cross section of CN V at the 
pons ( broken line ) to the longitudinal axis of the body 
( solid line ). The long axis of most nerves makes a 40–50° 
angle with the longitudinal axis of the body ( A ); however, 
this can vary from 10° ( C ) to 80° ( B ). In ( b ) the third divi-
sion is almost directly lateral to the fi rst division, and in  c  
it is almost directly caudal (Reprint with permission from 
Gudmundsson et al. ( 1971 )).  CN  cranial nerve,  Cer . cere-
bellar,  Gang . ganglion.  V1  the fi rst trigeminal nerve 
 division,  V2  the second trigeminal division,  V3  the third 
trigeminal nerve division       
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(Gudmundsson et al.  1971 ). Motor rootlets also 
arise around the rostral part of the nerve as 4–14 
separate rootlets; however, they tend to arise fur-
ther from the brainstem exist zone of the sensory 
root than the accessory sensory rootlets 
(Gudmundsson et al.  1971 ). Anastomoses 
between the motor and sensory roots are present 
in most nerves.  

2.2.2     Anatomy of the SCA 

 The SCA arises in front of the midbrain, usually 
from the basilar artery near the apex, and passes 
below CN III, but may infrequently arise from 
the proximal posterior cerebral artery and pass 
above CN III (Fig.  2.3 ). It dips caudally and 
encircles the brainstem near the pontomesence-

  Fig. 2.3    Superior cerebellar artery. ( a ) Superior view. 
The SCA arises from the basilar artery anterior to the mid-
brain and encircles the pontomesencephalic junction to 
enter the cerebellomesencephalic fi ssure. It usually 
courses below CNs III and IV and above V and bifurcates 
into two major trunks, rostral and caudal, near CN V. The 
rostral trunk supplies the vermian and paravermian areas, 
and the caudal trunk supplies the hemisphere on the tento-
rial surface (Reprint with permission from Rhoton 
( 2000a )). ( b ) Superolateral view. The right SCA arises 
from the basilar artery as a duplicate artery. The rostral 
duplicate trunk gives rise to vermian branches, and the 
caudal duplicate trunk gives rise to hemispheric branches, 
similar to the distribution of the rostral and caudal trunks 
formed by the bifurcation of a single SCA. The SCA or its 
major trunks often make a caudal loop to reach CN V ven-
tral to the nerve. The superior petrosal vein and its tribu-
taries also course near CN V. A well-developed 
pontotrigeminal vein, connecting the lateral mesence-

phalic vein with the superior petrosal vein, courses above 
the nerve (Reprint with permission from Rhoton ( 2000a )). 
( c ) Right CPA. A large superior petrosal vein with multi-
ple tributaries, including the pontotrigeminal and trans-
verse pontine veins and the vein of the cerebellopontine 
fi ssure, passes above CN V. The AICA passes laterally 
between CNs VII and VIII and turns medially to course 
along the middle cerebellar peduncle and cerebellopon-
tine fi ssure (Reprint with permission from Rhoton ( 2007 )). 
( d ) Superolateral view. SCA with an early bifurcation. 
The rostral trunk loops downward and indents the upper 
surface of CN V (Reprint with permission from Rhoton 
( 2000b )).  A . artery,  A.I.C.A.  anterior inferior cerebellar 
artery,  Ant . anterior,  Bas . basilar,  Caud . caudal,  Cer . cer-
ebellar, cerebello,  CN  cranial nerve,  Fiss . fi ssure,  Hem . 
hemispheric,  Lat . lateral,  Mes . mesencephalic,  Pet . petro-
sal, petrous,  Pon . pontine, ponto,  Rost . rostral,  S.C.A . 
superior cerebral artery,  Sup . superior,  Tent . tentorial,  Tr . 
trunk,  Trans . transverse,  Trig . trigeminal,  V . vein       
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phalic junction, passing below CN IV and above 
CN V. Its proximal portion courses medial to the 
free edge of the tentorium cerebelli, and its distal 
part passes below the tentorium (Fig.  2.3a ). A 
meningeal branch occasionally originates from 
the main or rostral trunk near where the artery 
passes under the tentorium and enters the free 
edge of the tentorium. The SCA usually arises as 
a single trunk and bifurcates into two major 
trunks, rostral and caudal, near CN V. About half 
of the SCAs have a point of contact with CN V, 
which is usually on the superior or superomedial 
aspect of the nerve (Fig.  2.3d ) (Hardy and Rhoton 
 1978 ). Depending on the site of bifurcation, the 
SCA trunk reaching the nerve may be the main, 
rostral, caudal, or both the rostral and caudal 
trunks, or a marginal hemispheric branch. After 
passing above CN V, the artery enters the cere-
bellomesencephalic fi ssure where its branches 
give rise to perforating branches to the brainstem 
and cerebellar peduncles and to precerebellar 
arteries entering the deep cerebellar white matter 
and dentate nucleus. On leaving the cerebello-
mesencephalic fi ssure, its branches pass posteri-
orly under the tentorial edge and are distributed 
to the tentorial cerebellar surface. The rostral 
trunk supplies the vermian and paravermian 
areas, and the caudal trunk supplies the hemi-
spheric part of the tentorial surface.

2.2.3        Anatomy of the Superior 
Petrosal Vein 

 The superior petrosal veins empty into the supe-
rior petrosal sinus as one to three bridging veins 
(Fig.  2.4 ) (Rhoton  2000e ). This superior petrosal 
venous complex is among the largest in the pos-
terior fossa. It is frequently encountered in 
approaches to CN V and occasionally compresses 
CN V. The superior petrosal veins are usually 
formed by the union of several veins. The most 
common tributaries of the superior petrosal veins 
are the transverse pontine, pontotrigeminal, and 
anterolateral marginal veins and the veins of the 
cerebellopontine fi ssure and middle cerebellar 
peduncle (Matsushima et al.  1983 ,  2014 ). Of 20 
superior petrosal sinuses examined in our previ-

ous study, eight received one superior petrosal 
vein, ten received two, and two received three 
(Matsushima et al.  1983 ). The draining points of 
the superior petrosal vein into the superior petro-
sal sinus were classifi ed into medial, intermedi-
ate, or lateral groups based on whether they 
drained into the superior petrosal sinus in an 
intermediate location above the internal acoustic 
meatus or medial or lateral to the meatus. Of 34 
superior petrosal veins, 22 (64.7 %) were of the 
medial type, three (8.8 %) were of the intermedi-
ate type, and nine (26.5 %) were of the lateral 
type (Matsushima et al.  1983 ).

2.2.4        Offending Vessels 
of Trigeminal Neuralgia 

 The SCA, AICA, PICA, the superior petrosal 
vein and its tributaries, or any combination of 
these vessels may cause compression of CN V 
(Figs.  2.5 ,  2.6 ,  2.7 , and  2.8 ) (Apfelbaum  2000 ; 
Barker et al.  1996 ; Hong et al.  2011 ; Jannetta 
 1980 ; Li et al.  2004 ; Lorenzoni et al.  2008 ; 
Matsushima et al.  2004 ; Sekula et al.  2009 ; 
Sindou et al.  2008 ; Thomas and Vilensky  2014 ). 
The vertebral and basilar arteries have rarely 
been reported to be the compressing vessel 
(Apfelbaum  2000 ; Barker et al.  1996 ; Lorenzoni 
et al.  2008 ; Thomas and Vilensky  2014 ; Yang 
et al.  2012 ).

      The most commonly found offending vessel 
found in vascular decompression operations for 
trigeminal neuralgia is the caudal loop of the 
SCA (Hardy and Rhoton  1978 ). The SCA was 
found to be compressing CN V in 52 % of the 50 
CPAs that we previously examined and the AICA 
in 8 % (Hardy and Rhoton  1978 ). The point of 
contact between CN V and the SCA is usually on 
the superior or superomedial aspect of the nerve, 
and often a few fascicles of the nerve are dis-
torted by an SCA that has looped down into the 
axilla between the medial side of the nerve and 
the pons. An arterial loop in the axilla may not be 
visible from the retrosigmoid view behind CN V 
if the SCA courses around the brainstem directly 
in front of the nerve, or if it passes over the rostral 
aspect of the nerve very close to the brainstem, 
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where it may be hidden by the overhanging lip of 
the cerebellomesencephalic fi ssure. Exposure 
directed along the petrosal cerebellar surface, as 
in the common retrosigmoid approach, but also 

through the lateral part of the tentorial cerebellar 
surface, described as the infratentorial lateral 
supracerebellar approach, may provide better 
visualization of an arterial loop directly medial to 

  Fig. 2.4    Posterior fossa veins. ( a ) CN V may be com-
pressed by the superior petrosal veins and their tributaries, 
including the transverse pontine and pontotrigeminal veins 
and the veins of the cerebellopontine fi ssure and middle cer-
ebellar peduncle. The right transverse pontine vein makes 
contact with the lower surface of the right CN V, and the left 
transverse pontine vein compresses the upper surface of the 
left CN V. The vein of the pontomedullary sulcus or the 
middle cerebral peduncle may compress CN VII, as seen in 
both sides of this specimen. CNs IX and often X may be 
compressed by surrounding veins, such as the bridging veins 
emptying into the jugular foramen or the vein of the ponto-
medullary sulcus, as seen on the right side (Reprint with 
permission from Rhoton ( 2000e )). ( b ) Superolateral view. A 
large superior petrosal vein formed by the union of the trans-
verse pontine, pontotrigeminal, and anterolateral marginal 
veins and the vein of the cerebellopontine fi ssure. The supe-
rior surface of CN V is indented by the transverse pontine 
and pontotrigeminal veins. The SCA bifurcates into rostral 

and caudal trunks medial to CN V (Reprint with permission 
from Rhoton ( 2000e )). ( c ) The veins in the posterior fossa 
are divided into three groups: a galenic group ( green ) that 
drains into the vein of Galen, a petrosal group ( blue ) that 
drains into the superior and inferior petrosal sinuses, and a 
tentorial group that drains into the sinuses near the torcula. 
The veins surrounding CN V, VII, or IX and X, may be asso-
ciated with trigeminal neuralgia, hemifacial spasm, or glos-
sopharyngeal neuralgia, respectively (Reprint with 
permission from Rhoton ( 2000e )).  Ant . anterior,  Bas . basal, 
 Br. Bridg . bridging,  Caud . caudal,  Cer . cerebellar, cerebello, 
cerebral,  CN  cranial nerve,  Com . communicating,  Fiss . fi s-
sure,  For . foramen,  He . hemispheric,  Inf . inferior,  Int . inter-
nal,  Jug . jugular,  Lat . lateral,  Marg . marginal,  Med . medial, 
medullary,  Mes . mesencephalic,  Mid . middle,  Ped . pedun-
cle, peduncular,  Pet . petrosal,  Pon . pontine, ponto,  Post . pos-
terior,  Retro - oliv . retro-olivary,  Rost . rostral,  S.C.A.  superior 
cerebral artery,  Sulc . sulcus,  Sup . superior,  Tr . trunk,  Trans . 
transverse,  Trig . trigeminal,  V . vein       
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the nerve (Fujimaki and Kirino  2000 ; Matsushima 
et al.  1989 ). The loop of the SCA may be seen 
dangling below the lower margin of the nerve, 
although it is not visible above the nerve. These 
SCA loops, however, always pass along the 
medial and rostral surfaces of the nerve to reach 
the cerebellomesencephalic fi ssure. This arterial 
loop may contact CN V more than once, espe-
cially if the loop is long enough to overlap. The 
medial axilla of the nerve must be carefully 

examined before concluding that there is no arte-
rial loop in the axilla of the nerve. It is important 
to remember that the trunks do not pass directly 
from the side of the brainstem to the superior sur-
face of the cerebellum, but, rather, that they dip 
into the deep fi ssure between the cerebellum and 
midbrain at the posterior margin of CN V. The 
most common site of compression of CN V on 
the SCA is around the junction of the main trunk 
with the origin of the rostral and caudal trunks 

  Fig. 2.5    Arterial compression of CN V. Sites of arterial 
compression of CN V. Orientation as shown in the  central 
diagram . ( a )  Central diagram . The right CN V is com-
pressed by a tortuous basilar artery, and the left CN V is 
compressed by the main trunk of the SCA. ( b ) The SCA 
bifurcates into rostral and caudal trunks prior to reaching 
CN V. The nerve is compressed by the caudal trunk. ( c ) 
The SCA bifurcates distal to the nerve. The nerve is com-
pressed by the main trunk. ( d ) The SCA bifurcates prior to 

reaching the nerve. The nerve is compressed by both the 
rostral and caudal trunks. ( e ) The nerve is compressed by 
a large pontine artery. ( f ) The nerve is compressed by an 
AICA that has a high origin and loops upward into the 
medial surface of the nerve (Reprint with permission from 
Rhoton ( 1990 )).  A . artery,  A.I.C.A . anterior inferior cere-
bellar artery,  Bas . basilar,  Ca . caudal,  Ro . rostral,  S.C.A . 
superior cerebral artery,  Tr . trunk       
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(Rhoton  1990 ). However, other sites of compres-
sion are seen depending on how far distal the 
artery bifurcates in relation to CN V. If the SCA 
bifurcates near the basilar artery or if there is a 
duplicate confi guration in which the rostral and 

caudal trunks arise directly from the basilar 
artery, both trunks may loop down into the axilla 
between the pons and CN V to compress the 
nerve. There are cases in which both the rostral 
and caudal trunks contact the nerve, so careful 

  Fig. 2.6    Arterial compression of CN V. Sites of arterial 
compression of CN V as seen through a suboccipital cra-
niotomy. ( a )  Central diagram . The site of the skin incision 
( solid line ) and the craniotomy ( interrupted line ), expos-
ing the junction of the sigmoid and transverse sinuses, are 
shown in the  inset . The cerebellum has been elevated to 
expose the junction of CN V with the pons. CN IV is at the 
superior margin of the exposure and CNs VII and VIII are 
at the lower margin. CN V is compressed by a loop of the 
SCA that dangles down into the axilla of the nerve. The 
site of compression on the artery is at the junction of the 

main trunk with the rostral and caudal trunks. ( b ) The 
nerve is compressed by the caudal trunk. ( c ) The nerve is 
compressed by the main trunk. ( d ) Compression by both 
the rostral and caudal trunks. ( e ) Compression by a pon-
tine branch of the basilar artery. ( f ) Compression by the 
AICA from the inferior side. ( g ) Compression by a tortu-
ous basilar artery from the medial side (Reprint with per-
mission from Rhoton ( 1990 )).  A . artery,  A.I.C.A . anterior 
inferior cerebellar artery,  Bas . basilar,  Ca . caudal,  Ro . ros-
tral,  S.C.A . superior cerebral artery,  Sup . superior,  Tr . 
trunk       
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attention is needed to the caudal trunk to 
 determine if it is compressing the junction of the 
nerve with the pons, which could be hidden by 
the overhanging lip of the cerebellomesence-
phalic fi ssure. Alternatively, if the artery bifur-
cates before reaching the nerve, the caudal trunk 
may compress the nerve and the rostral trunk 

may course well above the nerve. If the artery 
bifurcates distal to the nerve, only the main trunk 
will be involved in the compression. The point of 
bifurcation of the SCA affects the caliber of the 
vessel that makes contact with CN V; the contact-
ing vessel will be of a smaller caliber if the SCA 
bifurcates before reaching CN V. 

  Fig. 2.7    Venous compression of CN V. Sites of venous 
compression of CN V. ( a )  Central diagram . The veins that 
commonly compress CN V are tributaries of the superior 
petrosal veins. The tributaries that converge on and may 
compress the nerve are the transverse pontine and pontotri-
geminal veins and the veins of the cerebellopontine fi ssure 
and middle cerebellar peduncle. The transverse pontine 
veins course transversely across the pons. The vein of the 
middle cerebellar peduncle arises in the region of CNs VII 
and VIII and ascends on the pons. The vein of the cerebel-
lopontine fi ssure arises along the superior limb of the cere-
bellopontine fi ssure. The pontotrigeminal vein arises on the 
upper pons and passes above CN V. ( b ) A transverse pontine 
vein compresses the lateral side of the nerve and joins the 

veins of the middle cerebellar peduncle and cerebellopon-
tine fi ssure to empty into a superior petrosal vein. ( c ) The 
medial side of the nerve is compressed by a tortuous trans-
verse pontine vein. ( d ) The lateral side of the nerve is com-
pressed by the junction of the transverse pontine vein with 
the veins of the middle cerebellar peduncle and the cerebel-
lopontine fi ssure. ( e ) The nerve is compressed on the medial 
side by the vein of the middle cerebellar peduncle and on the 
lateral side by the vein of the cerebellopontine fi ssure. ( f ) 
The lateral side of the nerve is compressed by the vein of the 
cerebellopontine fi ssure (Reprint with permission from 
Rhoton ( 1990 )).  Cer . cerebellar, cerebello,  Fiss . fi ssure, 
 Mid . middle,  Ped . peduncle,  Pon . pontine, ponto,  Sup . supe-
rior,  Trans . transverse,  Trig . trigeminal,  V . vein       

 

K. Matsushima et al.



19

 A less common source of compression of CN 
V is by the AICA. The AICA may have a high 
origin and loop upward to indent the medial or 

lower surface of CN V prior to passing downward 
to course with CNs VII and VIII (Figs.  2.5f  and 
 2.6f ). A serpentine basilar artery may also wander 

  Fig. 2.8    Venous compression of CN V. Sites of venous 
compression of CN V as seen through a retrosigmoid crani-
otomy. ( a ) The  inset  shows the site of the scalp incision 
( solid line ) and the craniotomy ( interrupted line ). The supe-
rior petrosal veins empty into the superior petrosal sinus. 
CN V is compressed by the junction of a transverse pontine 
vein and the vein of the middle cerebellar peduncle with the 
superior petrosal vein. The vein of the cerebellopontine fi s-
sure ascends behind the nerve, and the pontotrigeminal vein 
passes above the nerve. ( b ) CN V is compressed on its 
medial side by a transverse pontine vein and on its lateral 
side by the vein of the middle cerebellar peduncle. ( c ) The 
lateral side of the nerve is compressed by a transverse pon-

tine vein. ( d ) The medial side of the nerve is compressed by 
the junction of a transverse pontine vein with the veins of 
the middle cerebellar peduncle and cerebellopontine fi s-
sure. ( e ) The lateral side of the nerve is compressed by the 
junction of the transverse pontine vein with the veins of the 
middle cerebellar peduncle and cerebellopontine fi ssure. ( f ) 
The medial side of the nerve is compressed by the vein of 
the middle cerebellar peduncle. ( g ) The lateral side of the 
nerve is compressed by the vein of the cerebellopontine fi s-
sure (Reprint with permission from Rhoton ( 1990 )).  Cer . 
cerebellar, cerebello,  Fiss . fi ssure,  Mid . middle,  Ped . pedun-
cle,  Pon . pontine, ponto,  Sig . sigmoid,  Sup . superior,  Trans . 
transverse,  Trig . trigeminal,  V . vein       
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laterally and compress the medial side of CN V 
(Fig.  2.6g ) (Apfelbaum  2000 ; Barker et al.  1996 ; 
Lorenzoni et al.  2008 ; Sunderland  1948 ; Thomas 
and Vilensky  2014 ). This type of basilar artery is 
often elongated and has a fusiform confi guration. 
More than one artery may compress the nerve, for 
example, in some cases the SCA compresses the 
rostral surface of the nerve and the AICA com-
presses the caudal surface. Infrequently, a tortu-
ous and arteriosclerotic vertebral artery or an 
upward loop of the PICA may reach and groove 
the undersurface of CN V. In the latter cases, CN 
XII may be stretched and thinned by the tortuous 
artery, and care should be taken to avoid damag-
ing CN XII during the arterial mobilization. CN 
VI, located medial to the vertebral artery, should 
also be kept in mind during mobilization from lat-
eral to medial, even though the nerve is diffi cult to 
expose suffi ciently. CN V may also be com-
pressed by a large pontine branch of the basilar 
artery, which passes around and penetrates the 
pons (Figs.  2.5e  and  2.6e ) (Rhoton  2000b ). 

 Although rarer than arterial compression, 
compression and distortion of CN V by the sur-
rounding veins also is found in trigeminal neural-
gia (Figs.  2.7  and  2.8 ) (Hong et al.  2011 ; 
Matsushima et al.  2004 ). The superior petrosal 
veins and their tributaries are the most frequent 
veins compressing CN V. The transverse pontine 
veins, which pass transversely near CN V, are the 
most frequent veins to compress CN V. They may 
course medially in the axilla of the nerve or pass 
above, below, or lateral to the nerve and may 
indent any of its surfaces. The vein of the middle 
cerebellar peduncle may compress the lateral or 
medial surface of CN V before joining the supe-
rior petrosal veins emptying into the superior 
petrosal sinus. The vein of the cerebellopontine 
fi ssure may indent the lateral margin of CN V as 
it ascends toward the superior petrosal sinus, and 
the pontotrigeminal vein may indent the upper 
margin of the nerve. The junction of these veins, 
which converge and form a single trunk prior to 
entering the superior petrosal sinus, is usually lat-
eral to CN V (Matsushima et al.  1983 ,  2014 ). 
This junction, however, may be located medial to 
CN V, in which case the common trunk must pass 
around CN V prior to reaching the superior petro-
sal sinus. These common venous trunks also may 
compress CN V.   

2.3     Middle Neurovascular 
Complex and 
Hemifacial Spasm  

 The middle complex includes the AICA, pons, 
middle cerebellar peduncle, cerebellopontine fi s-
sure, petrosal surface of the cerebellum, and CNs 
VI–VIII. The AICA arises at the pontine level 
and courses through the cerebellopontine cistern 
with CNs VI–VIII to reach the surface of the 
middle cerebellar peduncle, where it courses 
along the cerebellopontine fi ssure and terminates 
by supplying the petrosal surface of the cerebel-
lum (Rhoton  2013 ). 

2.3.1     Anatomy of CNs VII and VIII 

 CNs VII and VIII arise at the lateral end of the 
pontomedullary sulcus immediately rostral to 
the foramen of Luschka and its rhomboid lip 
and choroid plexus and ventrocaudal to the fl oc-
culus (Fig.  2.9 ) (Rhoton  2000c ). The rhomboid 
lip is a sheetlike layer of neural tissue attached 
to the lateral margin of the ventricular fl oor that 
joins the tela choroidea to form the ventral edge 
of a pouch at the outer extremity of the lateral 
recess. A large rhomboid lip adhering to the 
dorsal surface of CNs IX and X may block visu-
alization of the brainstem exit of CN VII and 
would require elevation of the rhomboid lip 
away from the lower CNs to expose CN VII 
(Funaki et al.  2010 ; Nakahara et al.  2013 ). CN 
VII arises from the brainstem near the lateral 
end of the pontomedullary sulcus 1–2 mm ante-
rior to the point at which CN VIII joins the 
brainstem. The interval between CNs VII and 
VIII is greatest at the level of the pontomedul-
lary sulcus and decreases as these nerves 
approach the meatus. The nervus intermedius 
arises on the anterior surface of CN VIII, has a 
free segment in the cistern and/or meatus, and 
joins CN VII distally (Fig.  2.10 ).

    Commonly, the fl occulus protrudes behind 
CNs VII and VIII and blocks their exposure at the 
junction with the brainstem in the retrosigmoid 
exposure. It may also be diffi cult to see CN VII 
because it is usually hidden anterior to CN VIII. A 
helpful way of visualizing the point where CN 
VII will exit from the brainstem is to project an 
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  Fig. 2.9    CNs VII and VIII. ( a ) Anterolateral view of the 
right CPA. CNs VII and VIII arise at the lateral end of the 
pontomedullary sulcus, ventral to the fl occulus and just ros-
tral to a line drawn along the junction of the rootlets of CNs 
IX–XI with the medulla. The rhomboid lip is a sheetlike 
layer of neural tissue attached to the lateral margin of the 
ventricular fl oor that joins the tela choroidea to form a pouch 
at the outer extremity of the lateral recess. ( b ) Left retrosig-
moid exposure. The choroid plexus protrudes from the fora-
men of Luschka into the CPA behind CNs VII and VIII. The 
junction of CN VII with the brainstem is located in front of 
and is hidden by CN VIII. A nerve hook has been placed 
inside the rhomboid lip (Reprint with permission from 
Rhoton ( 2000b )). ( c ) View of the right internal acoustic 
meatus with the posterior lip removed to show the four por-
tions of the lateral meatus. The facial and superior vestibular 

nerves are above the transverse crest with the facial nerve 
anterior, and the cochlear and inferior vestibular nerves are 
below with the cochlear nerve anterior. The facial nerve is 
separated from the superior vestibular nerve by the vertical 
crest (Reprint with permission from Rhoton ( 1974 )). 
( d ) Cadaveric dissection to show the facial, superior and 
inferior vestibular, and cochlear nerves in the lateral meatus. 
The cochlear nerve penetrates the modiolus of the cochlea 
where its fi bers are distributed to the turns of the cochlear 
duct. The basal turn of the cochlea communicates below the 
modiolus with the vestibule (Reprint with permission from 
Rhoton ( 2000f )).  A.I.C.A . anterior inferior cerebellar artery, 
 Chor. Plex . choroid plexus,  CN  cranial nerve,  Coch . cochlear, 
 Flocc . fl occulus,  Inf . inferior,  Jug . jugular,  N . nerve,  Pet . 
petrosal,  Pon. Med . pontomedullary,  Rhomb . rhomboid, 
 Sulc . sulcus,  Sup . superior,  V . vein,  Vest . vestibular       

  Fig. 2.10    CNs VII and VIII and the nervus intermedius. 
View of the CPA from above to show the relationship of 
the nervus intermedius to CNs VII and VIII. ( a ) Most 
common relationship. The nervus intermedius is joined to 
the ventral surface of CN VIII for a few millimeters adja-
cent to the brainstem and then has a free segment in the 
CPA as it courses to join the facial motor root. ( b ) Pattern 
presents in 20 % of the nerves studied. The free segment 

is entirely in the meatus. ( c ) The nervus intermedius con-
sists of three free segments: two are in the CP angle and 
one is in the meatus. The nervus intermedius in ( a ) could 
be exposed in the angle without drilling the posterior lip 
of the meatus. In ( b ) the free segment could not be found 
in the angle but only in the meatus (Reprint with permis-
sion from Rhoton and Tedeschi ( 1992 )).  N.I . nervus 
intermedius       
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imaginary line along the medullary junction of the 
rootlets forming the lower CNs IX–XI upward 
through the pontomedullary junction (Rhoton 
 2000b ). This line, at a point 2–3 mm above the 
junction of CN IX with the medulla, will pass 
through the pontomedullary junction at the site 
where CN VII exits from the brainstem. The junc-
tion of CN VII with the brainstem is easier to 
expose in hemifacial spasm from below the fl oc-
culus and CN VIII than above, a technique that 
has been described as an “infrafl occular 
approach”(Hitotsumatsu et al.  2003 ). A key step 
is to elevate the fl occulus, rhomboid lip, and cho-
roid plexus after opening the cerebellopontine and 
cerebellomedullary fi ssures around the inferior 
and lateral margin of the fl occulus (Fig.  2.11 ).

   The nerves in the lateral part of the internal 
acoustic meatus are the facial, cochlear, and 
superior and inferior vestibular nerves (Fig.  2.9c, 
d ) (Rhoton  1974 ; Rhoton and Tedeschi  1992 ). 
The position of the nerves is most constant in the 
lateral portion of the meatus, which is divided 
into a superior and an inferior portion by a hori-
zontal ridge, called either the transverse or falci-
form crest (Rhoton  2007 ). The facial and the 
superior vestibular nerves are superior to the 
crest. The facial nerve is anterior to the superior 
vestibular nerve and is separated from it at the 
lateral end of the meatus by a vertical ridge of 
bone called the vertical crest or “Bill’s bar.” The 
cochlear and inferior vestibular nerves run below 
the transverse crest with the cochlear nerve 
located anteriorly. In summary, the lateral meatus 
can be divided into four portions, with the facial 
nerve anterosuperior, the cochlear nerve antero-
inferior, the superior vestibular nerve posterosu-
perior, and the inferior vestibular nerve 
posteroinferior (Rhoton  2000f ).  

2.3.2     Anatomy of the AICA 

 The AICA originates from the basilar artery, usu-
ally as a single trunk, and encircles the pons near 
CNs VI–VIII (Fig.  2.12 ). In most cases, the 
AICA passes below CNs VII and VIII, but it may 
also pass above or between these nerves in its 
course around the brainstem. After coursing near 
and sending branches to the nerves entering the 

acoustic meatus and to the choroid plexus pro-
truding from the foramen of Luschka, it passes 
around the fl occulus to supply the lips of the cer-
ebellopontine fi ssure and the petrosal cerebellar 
surface. It commonly bifurcates near CNs VII 
and VIII to form a rostral and a caudal trunk. 
Approximately two-thirds bifurcate before and 
one-third after crossing CNs VII and VIII 
(Rhoton  2000a ). Duplicate AICAs have a distri-
bution similar to the distribution of the rostral 
and caudal trunks formed by the bifurcation of a 
single AICA. The rostral trunk sends its branches 
laterally along the middle cerebellar peduncle to 
the superior lip of the cerebellopontine fi ssure 
and the adjoining part of the petrosal surface, and 
the caudal trunk supplies the inferior part of the 
petrosal surface, including a part of the fl occulus 
and the choroid plexus. The AICA gives rise to 
perforating arteries to the brainstem, choroidal 
branches to the tela and choroid plexus, and 
nerve-related arteries, including the labyrinthine, 
recurrent perforating, and subarcuate arteries. If 
the bifurcation is proximal to CNs VII and VIII, 
either the rostral trunk alone or both of the post-
bifurcation trunks may be nerve related.

2.3.3        Offending Vessels 
in Hemifacial Spasm 

 The AICA, PICA, vertebral artery, or a combina-
tion of these arteries may compress CN VII 
(Figs.  2.13  and  2.14 ) (Barker et al.  1995 ; Huang 
et al.  1992 ; Hyun et al.  2010 ; Jannetta  1980 ; 
Mikami et al.  2013 ; Park et al.  2008 ). Although 
rare, the basilar artery, SCA, and the veins around 
the pontomedullary junction have also been 
reported as offending vessels (Barker et al.  1995 ; 
Campos-Benitez and Kaufmann  2008 ; Huang 
et al.  1992 ; Hyun et al.  2010 ; Park et al.  2008 ).

    The AICA or its major trunks may compress 
CN VII at its exit from the brainstem, before 
reaching the porus of the internal acoustic meatus. 
The point of contact with the AICA is usually on 
the inferior or inferomedial aspect of CN VII’s 
exit from the brainstem. The AICA often reap-
proaches CN VII near the internal acoustic 
meatus where it gives rise to the nerve-related 
branches (Matsushima et al.  1990 ). It is generally 
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  Fig. 2.11    Right infrafl occular exposure of CN VII in 
hemifacial spasm. ( a ) The  inset  shows the approach along 
the inferolateral margin of the cerebellum and below the 
fl occulus. The cerebellum has been elevated to expose the 
right CPA. CN VII’s exit zone from the brainstem is 
exposed along the lower margin of CN VIII. The AICA 
passes between CNs VII and VIII. A large tortuous PICA 
loops upward anterior to CNs VII and VIII, before turning 
downward to reach the cerebellomedullary fi ssure. The 
fl occulus and choroid plexus protruding from the foramen 
of Luschka often hide the junction of CNs VII and VIII 
with the brainstem. In this case, the fl occulus has been 
gently elevated to expose the junction of CNs VII and VIII 
with the brainstem. ( b ) Enlarged view. Exposing the exit 
for CN VII from the brainstem is facilitated by directing 
the exposure along the inferolateral margin of the cerebel-

lum in the area above CN IX and below the lower edge of 
the fl occulus. ( c ) CN VIII has been depressed. This 
exposes the distal segment of CN VII, but does not pro-
vide access to the junction of CN VII with the brainstem, 
which should be visualized in dealing with hemifacial 
spasm. ( d ) CN VIII has been gently elevated. This exposes 
both the rostral and caudal margins of CN VII at the brain-
stem. A rootlet of the nervus intermedius is also exposed. 
The vein of the middle cerebellar peduncle passes between 
CNs VII and VIII (Reprint with permission from Rhoton 
( 2000b )).  A . artery,  A.I.C.A . anterior inferior cerebellar 
artery,  Cer . cerebellar,  Chor. Plex . choroid plexus,  CN  cra-
nial nerve,  Flocc . fl occulus,  Inf . inferior,  Mid . middle, 
 Nerv. Intermed . nervus intermedius,  P.I.C.A . posterior 
inferior cerebellar artery,  Ped . peduncle,  Pet . petrosal,  V . 
vein,  Vert . vertebral       
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accepted that hemifacial spasm is caused by com-
pression of CN VII at its exit from the brainstem 
rather than near the meatus (Gardner  1966 ; 
Moller and Jannetta  1984 ; Tomii et al.  2003 ). The 

AICA often gives off a few perforating arteries 
near its exit from the brainstem, thus limiting the 
amount of arterial repositioning that can be done 
in decompression surgery. 

  Fig. 2.12    Anterior inferior cerebellar artery. ( a ) The 
right AICA, originating from the basilar artery as a single 
trunk, passes below CN VI and bifurcates near CNs VII 
and VIII to form a rostral and a caudal trunk. The AICA 
reaches CN VII at its exit from the brainstem and usually 
reapproaches CNs VII and VIII near the internal acoustic 
meatus where it gives rise to nerve-related branches 
(Reprint with permission from Rhoton ( 2000a )). ( b ) The 
right AICA passes between CNs VII and VIII before 
reaching the cerebellopontine fi ssure and petrosal cerebel-
lar surface (Reprint with permission from Rhoton 
( 2000a )). ( c ) The right vertebral artery is a duplicate 
artery that gives rise to duplicate PICAs. The AICAs arise 
from the lower part of the basilar artery. The left AICA is 
larger than the right. The rostral duplicate PICA loops 
upward into the CPA. The left vertebral artery loops 
upward into the left CPA (Reprint with permission from 
Rhoton ( 2000a )). ( d ) Right retrosigmoid exposure. The 
fl occulus and choroid plexus, which protrude from the 
foramen of Luschka, have been elevated to expose the 
junction of CNs VII and VIII with the brainstem. CN VII 
is exposed below CN VIII above CN IX. A branch of the 
AICA gives rise to both the subarcuate and labyrinthine 
arteries. The subarcuate artery enters the dura and bone 
superolateral to the meatus. The exit zone of CN VII from 
the brainstem is easier to expose for decompression of CN 
VII from below in an “infrafl occular approach” than from 
above the fl occulus and CN VIII (Reprint with permission 
from Rhoton ( 2000a )). Anterior inferior cerebellar artery. 
( a ) The right AICA, originating from the basilar artery as 
a single trunk, passes below CN VI, and bifurcates near 
CNs VII and VIII to form a rostral and a caudal trunk. The 

AICA reaches CN VII at its exit from the brainstem, and 
usually reapproaches CNs VII and VIII near the internal 
acoustic meatus where it gives rise to nerve-related 
branches (Reprint with permission from Rhoton ( 2000a )). 
( b ) The right AICA passes between CNs VII and VIII 
before reaching the cerebellopontine fi ssure and petrosal 
cerebellar surface (Reprint with permission from Rhoton 
( 2000a )). ( c ) The right vertebral artery is a duplicate 
artery that gives rise to duplicate PICAs. The AICAs arise 
from the lower part of the basilar artery. The left AICA is 
larger than the right. The rostral duplicate PICA loops 
upward into the CPA. The left vertebral artery loops 
upward into the left CPA (Reprint with permission from 
Rhoton ( 2000a )). ( d ) Right retrosigmoid exposure. The 
fl occulus and choroid plexus, which protrude from the 
foramen of Luschka, have been elevated to expose the 
junction of CNs VII and VIII with the brainstem. CN VII 
is exposed below CN VIII above CN IX. A branch of the 
AICA gives rise to both the subarcuate and labyrinthine 
arteries. The subarcuate artery enters the dura and bone 
superolateral to the meatus. The exit zone of CN VII from 
the brainstem is easier to expose for decompression of CN 
VII from below in an “infrafl occular approach” than from 
above the fl occulus and CN VIII (Reprint with permission 
from Rhoton ( 2000a )).  A . artery,  A.I.C.A . anterior inferior 
cerebellar artery,  Ant . anterior,  Bas . basilar,  Caud . caudal, 
 Cer . cerebellar, cerebello,  Chor. Plex . choroid plexus,  CN  
cranial nerve,  Dup . duplicate,  Fiss . fi ssure,  Flocc . fl occu-
lus,  For . foramen,  Labyr . labyrinthine,  Mid . middle, 
 P.I.C.A . posterior inferior cerebellar artery,  Ped . peduncle, 
 Pon . pontine,  Rhomb . rhomboid,  Rost . rostral,  Spin . spi-
nal,  Subarc . subarcuate,  Tr . trunk,  V . vein,  Vert . vertebral       
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 It is expected that the AICA would be the 
compressing vessel in most cases because CN 
VII is located in the middle neurovascular com-
plex, yet a tortuous PICA has also been reported 
to be a frequent compressing artery in hemifacial 
spasm (Barker et al.  1995 ). In some CPAs, the 
proximal part of the PICA, after passing posterior 
to the hypoglossal rootlets, will loop superiorly 
toward CNs VII and VIII before descending to 
pass between CNs IX and XI. The offending arte-
rial loop usually compresses the caudal aspect of 
CN VII and uncommonly the superior aspect. In 
some cases, more than one artery will compress 
the nerve at its exit from the brainstem. The 
AICA will compress the medial surface of the 
nerve and the PICA will compress the caudal sur-
face. In cases where a tortuous vertebral artery 
loops laterally, it may compress CN VII at the 
brainstem (Guan et al.  2011 ). The vertebral artery 
is more often associated with hemifacial spasm 
as an indirect compressing vessel involving 
another intervening vessel in tandem fashion and 
not by direct compression by the vertebral artery 

(Kim et al.  2008 ; Mikami et al.  2013 ). 
Mobilization of the indirect offending vertebral 
artery is often required before decompression of 
the direct compressing vessel. Care is taken to 
explore the interval between CNs VII and VIII 
because a vessel compressing CN VII located 
between the nerves may be missed. Surrounding 
veins including the vein of the pontomedullary 
sulcus or the middle cerebral peduncle have also 
been found to compress CN VII (Fig.  2.4a, c ) 
(Barker et al.  1995 ; Campos-Benitez and 
Kaufmann  2008 ; Huang et al.  1992 ; Hyun et al. 
 2010 ; Park et al.  2008 ).   

2.4     Lower Neurovascular 
Complex 
and Glossopharyngeal 
Neuralgia 

 The lower neurovascular complex includes the 
PICA, medulla, inferior cerebellar peduncle, cer-
ebellomedullary fi ssure, suboccipital surface of 

  Fig. 2.13    Vascular 
compression of CN VII. Sites of 
arterial compression of CN  VII  
in hemifacial spasm. ( a ) 
Anterosuperior view. CNs  VII  
and  VIII  are distorted at their 
junction with the brainstem by 
the right premeatal and the left 
postmeatal segments of the 
AICAs. ( b ) Anterior view. The 
junction of the right CNs VII 
and VIII with the brainstem is 
compressed by a tortuous 
vertebral artery. The nerves on 
the left side are compressed by 
the PICA (Reprint with 
permission from Martin et al. 
( 1980 )).  A.I.C.A . anterior 
inferior cerebellar artery,  B.A . 
basilar artery,  Ch. Pl . choroid 
plexus,  Mea. Seg . meatal 
segment,  P.C.A . posterior 
cerebral artery,  P.I.C.A . 
posterior inferior cerebellar 
artery,  S.C.A . superior cerebral 
artery,  V.A . vertebral artery.  III  
oculomotor nerve,  IV  trochlear 
nerve,  V  trigeminal nerve,  VI  
abducent nerve,  IX  
glossopharyngeal nerve,  X  
vagus nerve,  XI  accessory nerve       
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the cerebellum, and CNs IX–XII. The PICA 
arises at the medullary level and encircles the 
medulla, passing through the cerebellomedullary 
cistern with CNs IX–XII to reach the surface of 
the inferior cerebellar peduncle, where it dips 
into the cerebellomedullary fi ssure and  terminates 
by supplying the suboccipital surface of the cer-
ebellum (Rhoton  2013 ). 

2.4.1     Anatomy of CNs IX and X 

 CNs IX–XI arise as a line of rootlets that exit the 
medulla along the posterior edge of the olive in 

the postolivary sulcus, a shallow groove between 
the olive and the posterolateral surface of the 
medulla (Fig.  2.15a ) (Rhoton  2000d ). CN IX 
arises as one or rarely two rootlets just caudal to 
the origin of CN VII and ventral to the rhomboid 
lip of the lateral recess and the choroid plexus 
protruding from the foramen of Luschka. In 
cases of two rootlets, a larger dorsal and a 
smaller ventral component can be seen at the 
junction with the brainstem (Katsuta et al.  1997 ; 
Rhoton and Buza  1975 ). The smaller ventral 
rootlets have been demonstrated to be motor and 
the larger main bundle to be sensory (DuBois 
and Foley  1936 ; Tarlov  1937 ). CN X arises cau-

  Fig. 2.14    Vascular compression of CN VII through right 
infrafl occular exposure. Arterial compression of CN VII 
in hemifacial spasm as viewed through a retrosigmoid cra-
niotomy performed with the patient in the three-quarter 
prone position. ( a ) The  upper drawing  shows the site of 
the incision ( straight line ) and the location of the craniot-
omy for the infrafl occular approach to CN VII ( broken 
line ). The  lower drawing  shows the surgical exposure 
obtained with this approach. The AICA and CNs VII and 
VIII are in the midportion of the exposure. The vertebral 
artery, PICA, and CNs IX–XI are below. ( b ) The cerebel-
lum is elevated to expose CNs VII and VIII and the pre-
meatal, meatal, and postmeatal segments of the AICA. The 
fl occulus and the choroid plexus block the view of the 
junction of CNs VII and VIII with the brainstem. ( c ) The 

fl occulus and choroid plexus have been elevated in the inf-
rafl occular approach to the junction of CNs VII and VIII 
with the brainstem. The premeatal segment compresses 
the nerves at the junction with the pons and the medulla. 
( d ) The junction of CN VII and VIII with the brainstem is 
compressed by the postmeatal segment. ( e ) A tortuous 
PICA loops upward to compress the nerves at their junc-
tion with the brainstem before turning inferiorly to pass 
between CNs IX and X. ( f ) A tortuous vertebral artery 
compresses the junction of the nerves with the brainstem 
(Reprint with permission from Rhoton ( 2000b )).  A . artery, 
 A.I.C.A . anterior inferior cerebellar artery,  Chor. Plex . 
choroid plexus,  Labyrin . labyrinthine,  Mea. Seg . meatal 
segment,  P.I.C.A . posterior inferior cerebellar artery, 
 Subarc . subarculate,  Vert . vertebral       
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dal to CN IX as a line of tightly packed rootlets 
posterior to the superior one-third of the olive. 
The most rostral vagal fi bers may be separated 
from the glossopharyngeal origin by as much as 
2 mm. CN X is composed of multiple combina-
tions of large and small rootlets. Several small 
rootlets, considered to be motor, are occasion-
ally found originating ventral to the majority of 
the vagal rootlets (DuBois and Foley  1936 ). CNs 
IX and X arise rostral to the level of the origin of 
CN XII, anterior to the olive. CN XI arises as a 
widely separated series of rootlets that originate 
from the medulla at the level of the lower two-
thirds of the olive and from the upper cervical 
cord. The cranial rootlets of CN XI arising just 
caudal to CN X are more properly regarded as 
inferior vagal rootlets since they arise from vagal 
nuclei. It may be diffi cult to separate the lower 
vagal fi bers from the upper accessory rootlets 
because the vagal and cranial accessory fi bers 
usually enter the vagal meatus as a single bundle. 
CN IX penetrates the dura of the roof of the jug-
ular foramen below and medial to the glossopha-
ryngeal dural fold, and CN X and XI enter the 
dura below and medial to the vagal dural fold 
(Fig.  2.15b ). The superior glossopharyngeal and 
vagal ganglia may be visible intracranially 

(Katsuta et al.  1997 ). The superior glossopha-
ryngeal ganglion was intracranial in 32 % of the 
50 jugular foramina in our previous study and 
within or extracranial to the foramen in 68 % 
(Rhoton and Buza  1975 ). The superior ganglion 
of the vagus nerve could be seen intracranially in 
only 14 % of cases.

2.4.2        Anatomy of the PICA 

 The PICA, by defi nition, arises from the vertebral 
artery (Figs.  2.16  and  2.17 ). It arises near the 
inferior olive and passes posteriorly around the 
medulla. At the anterolateral margin of the 
medulla, it passes rostral or caudal to or between 
the rootlets of CN XII, and at the posterolateral 
margin of the medulla, it courses rostral to or 
between the fi la of CNs IX–XI. After passing 
these nerves, it courses near the lateral recess to 
enter the cerebellomedullary fi ssure and then 
caudally to make a caudal loop anterior to the 
tonsil before ascending along the lower half of 
the roof of the fourth ventricle to form a convex 
rostral curve, called the cranial loop. It exits the 
fi ssure between the vermis, tonsil, hemisphere, 
and medulla to reach the suboccipital cerebellar 

  Fig. 2.15    CNs IX and X. ( a ) Anterior view of the cere-
bellum. CNs IX–XI arise as a line of rootlets that exit the 
medulla along the posterior edge of the olive in the posto-
livary sulcus, and CN XII arises anterior to the olive. CN 
IX arises as one or rarely two rootlets just caudal to the 
origin of CNs VII and VIII and ventral to the rhomboid lip 
of the lateral recess and the choroid plexus protruding 
from the foramen of Luschka. CN X arises inferior to CN 
IX as a line of tight combinations of large and small root-
lets. ( b ) Posterior view of the intracranial aspect of the left 

jugular foramen. CN IX penetrates the dura covering the 
jugular foramen below and medial to the glossopharyn-
geal dural fold. CN X enters the foramen with CN XI 
below and medial to the vagal dural fold (Reprint with 
permission from Rhoton ( 2000d )).  A . artery,  Bridg . bridg-
ing,  Chor. Plex . choroid plexus,  CN  cranial nerve, 
 Endolymph . endolymphatic,  Flocc . fl occulus,  Glossophar . 
glossopharyngeal,  Labyr . labyrinthine,  Subarc . subarcu-
ate,  V . vein       
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surface. Most PICAs bifurcate into a medial and 
a lateral trunk upon exiting the cerebellomedul-
lary fi ssure. The medial trunk supplies the vermis 
and adjacent part of the hemisphere, and the 
 lateral trunk supplies the cortical surface of the 
tonsil and the hemisphere. The PICA gives off 
perforating, choroidal, and cortical arteries. The 
cortical arteries are divided into vermian, tonsil-
lar, and hemispheric groups.

2.4.3         Offending Vessels 
of Glossopharyngeal 
Neuralgia 

 The PICA, AICA, vertebral artery, veins around 
the lower CNs, or a combination of these vessels 

can cause glossopharyngeal neuralgia (Fig.  2.18 ) 
(Ferroli et al.  2009 ; Gaul et al.  2011 ; Jannetta 
 1980 ; Kandan et al.  2010 ; Kawashima et al. 
 2010 ; Kondo  1998 ; Laha and Jannetta  1977 ; 
Matsushima et al.  2000 ; Resnick et al.  1995 ; 
Sampson et al.  2004 ).

   The PICA is most frequently found to be a 
cause of glossopharyngeal neuralgia. The site 
of origin of the PICA from the vertebral artery 
varies from below the foramen magnum to 
the vertebrobasilar junction. The PICA, how-
ever, may have a high origin and loop upward 
to indent CNs IX and often X prior to enter-
ing the cerebellomedullary fi ssure (Fig.  2.18 ) 
(Kawashima et al.  2010 ; Matsushima et al. 
 2000 ). Of the 42 PICAs found in 50 CPAs in 
our previous study, 16 passed between the root-

  Fig. 2.16    Posterior inferior cerebellar artery. ( a ) Lateral 
view. The PICA arises from the vertebral artery near the 
inferior olive (anterior medullary segment:  green ) and 
passes posteriorly around the medulla, passing rostral or 
caudal to or between the rootlets of CN XII, and rostral to 
or between the fi la of CNs IX–XI (lateral medullary seg-
ment:  orange ). After passing these nerves, it enters the cer-
ebellomedullary fi ssure and descends to make a caudal loop 
around the tonsil (tonsillomedullary segment:  blue ) and 
ascends posterior to the lower half of the roof of the fourth 
ventricle to make a cranial loop (telovelotonsillar segment: 
 yellow ). Distal to the cranial loop, it exits the fi ssure 
between the vermis, tonsil, and hemisphere to reach the 
suboccipital cerebellar surface (cortical segment:  red ). 
Most PICAs bifurcate into a medial and a lateral trunk upon 
exiting the cerebellomedullary fi ssure (Reprint with per-
mission from Lister et al. ( 1982 )). ( b ) Left posterolateral 
view. The cerebellum was removed by dividing the cerebel-
lar peduncles. The PICA arises anterior to the inferior olive 
and courses between CNs X and XI and along the postero-
lateral medulla and inferior cerebellar peduncle. It forms a 
caudal loop below the tonsil (Reprint with permission from 
Rhoton ( 2000a )). ( c ) Posterior view. The PICA passes pos-
teriorly between the rootlets of CN XII and enters the cer-

ebellomedullary fi ssure (Reprint with permission from 
Rhoton ( 2000a )). ( d ) Lateral view. The right half of the 
cerebellum has been removed. The right PICA passes 
between the rootlets of CN X and XI to reach the surface of 
the inferior cerebellar peduncle. The left PICA, as it courses 
around the rostral pole of the tonsil, is hidden by the remain-
ing left half of the uvula (Reprint with permission from 
Rhoton ( 2000a )). ( e ) The part of the uvula and nodule 
medial to the tonsil has been removed to expose the PICA’s 
passage through the cerebellomedullary fi ssure and around 
the tonsil. The artery frequently forms a caudal loop at the 
lower margin of the tonsil and a cranial loop that wraps 
around the rostral pole of the tonsil (Reprint with permis-
sion from Rhoton ( 2000a )).  A . artery,  A.I.C.A . anterior infe-
rior cerebellar artery,  Ant . anterior,  B.A . basilar artery, 
 Caud . caudal,  Cer . cerebello,  Ch. Pl. Chor. Plex . choroid 
plexus,  CN  cranial nerve,  Cran . cranial,  F . foramen,  Fiss . 
fi ssure,  Flocc . fl occulus,  He . hemispheric,  Inf . inferior,  Int ., 
internal,  Lat . lateral,  Med . medial, medullary,  Mes . mesen-
cephalic,  Mid . middle,  P.C.A . posterior cerebral artery, 
 P.I.C.A . posterior inferior cerebellar artery,  Ped . peduncle, 
 S.C.A . superior cerebral artery,  Seg . segment,  Sup . superior, 
 Ton . tonsillar, tonsillo,  Tr . trunk,  V.A., Vert. A . vertebral 
artery,  Vent . ventricle       
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  Fig. 2.17    Relationship of the PICA to the rootlets of 
CNs IX–XI. ( a ) Orientation of illustrations  b – f . The  inset  
shows the site of the scalp fl ap and the craniotomy. The 
large illustration shows the cerebellum elevated to expose 
CNs VII–XII. The PICA arises from the vertebral artery 
and passes inferior ( b, c ), superior ( e, f ), or between ( d ) 
the rootlets of CN XII. Of the 42 PICAs found in 50 cer-
ebellar hemispheres in a previous study, 16 passed 
between the rootlets of CN XI ( b ), 13 passed between 

CNs X and XI ( c ), ten passed between the rootlets of CN 
X ( d ), two passed between CNs VIII and IX ( e ), and one 
passed between CNs IX and X ( f ) (Lister et al.  1982 ). A 
tortuous PICA may ascend anterior to CNs IX and X and 
compress and distort CNs VII and VIII before passing 
posteriorly between CNs IX–XI (Reprint with permission 
from Lister et al. ( 1982 )).  Ch. Pl . choroid plexus,  P.I.C.A.  
posterior inferior cerebellar artery,  V.A . vertebral artery       

lets of CN XI, ten passed between the rootlets 
of CN X, 13 passed between CNs X and XI, 
two passed above CN IX below CN VIII, and 
one passed between CNs IX and X (Fig.  2.17 ) 
(Lister et al.  1982 ). The vertebral artery, even 
less frequently, may also reach and distort CNs 
IX and often X from the medial side, especially 
when it is tortuous, ectatic, and/or arterioscle-

rotic. CNs IX and often X may also be com-
pressed by the AICA or a common trunk of the 
AICA and PICA. Surrounding veins, includ-
ing a bridging vein to the jugular foramen and 
the vein of the pontomedullary sulcus, may 
also compress CNs IX and often X (Fig.  2.4a, 
c ) (Ferroli et al.  2009 ; Jannetta  1980 ; Resnick 
et al.  1995 ; Sampson et al.  2004 ).      
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      Pathogenesis and Treatment 
of Hemifacial Spasm                     

     Aage     R.     Møller    

    Abstract  

  Hemifacial spasm can be cured by microvascular decompression (MVD) 
operations of the root exit zone of the facial nerve. This fact was the basis for 
the (“ephaptic”) hypothesis stating that the anatomical location of the pathol-
ogy that generates the signs of HFS, spasm in the mimic muscle on one side 
of the face and synkinesis, was the root exit zone of the facial nerve. However, 
later intracranial recording from the facial nerve provided strong experimen-
tal support of a different hypothesis about the pathology of HFS, namely, that 
the anatomical location of the pathology is the facial motonucleus. 

 Intraoperative measurements of neural conduction times provided evi-
dence against the “ephaptic” hypothesis and showed evidence that hyper-
activity of the facial motonucleus could explain the symptoms of 
HFS. Studies of the blink refl ex supported the hypothesis that the facial 
motonucleus is hyperactive in people with HFS. The results of animal 
experiments showed that signs of HFS could be caused by facial motonu-
cleus hyperactivity. 

 It was hypothesized that the abnormalities in the facial motonucleus in 
HFS were caused by activation of maladaptive neuroplasticity that was 
activated by the irritation of the root of the facial nerve by a blood vessel. 
These fi ndings were supported by the results of animal studies. 

 Since a similar close contact with a blood vessel is present in at least 
50 % of individuals who do not have any symptoms of spasm, it was con-
cluded that a second factor in addition to vascular contact with the facial 
nerve root must be present in order to create the signs of HFS. 

 MVD operations have a success rate of over 85 %, and when combined 
with monitoring of the abnormal muscle contraction, success rates of 
97 % have been reported. No other treatment has been shown to have 
noticeable success in relieving the signs of HFS.  

        A.  R.   Møller ,  PhD, DMedSci    
  School of Behavioral and Brain Sciences , 
 The University of Texas,    Dallas,   TX,   USA   
 e-mail: amoller@utdallas.edu  

  3

mailto:amoller@utdallas.edu


36

  Keywords  

  Hemifacial spasm   •   Vascular compression   •   Neuroplasticity   •   Facial 
nucleus   •   Hyperactivity  

3.1         Introduction 

 Hemifacial spasm (HFS) is a rare disease (inci-
dence: 0.74 per 100,000 in white men and 0.81 
per 100,000 in white women; (Auger  1979 )) that 
has its onset relatively late in life. HFS is charac-
terized by episodes of spasm separated by peri-
ods of essentially normal function of the mimic 
musculature (Ehni and Woltman  1945 ). The dis-
order can be cured by moving a blood vessel 
(artery or vein) off of the intracranial portion of 
the facial nerve using a surgical technique known 
as microvascular decompression (MVD) 
(Jannetta  1970 ). 

 Microvascular decompression (MVD) opera-
tions have been shown to be effective in treating 
hemifacial spasm (HFS), trigeminal neuralgia (tic 
douloureux) (TGN), and glossopharyngeal neural-
gia (GPN). Symptoms of some disorders associ-
ated the eighth cranial nerve, such as some forms 
of tinnitus and disabling positional vertigo (DPV), 
a balance disorder, can also be alleviated by 
MVD. In the following Chap.   8     in this book, we 
will discuss the forms of tinnitus and DPV that are 
treatable by MVD. Vascular contact with the 
hypoglossal nerve seems to be associated with a 
rare disorder, hemilingual spasm (Osburn et al. 
 2010 ). Some forms of spasmodic torticollis also 
seem to be associated with close contact between a 
blood vessel and a cranial nerve (CNXI) 
(Freckmann et al.  1981 , 931; Nakai et al.  1989 ). 

 In this chapter, we will discuss HFS and its 
treatment with MVD of the intracranial portion 
of the facial nerve. For a review of history of the 
MVD operation, see Møller ( 1998 ). 

 Vascular contact with a cranial nerve is com-
mon, occurring in at least 50 % of people without 
causing any symptoms (Sunderland  1948 ). This 
means that symptoms of disease only occur when 
another factor (pathology) is present. This other 
factor is unknown (Møller and Jannetta  1984 ), 
but since it does not seem to cause symptoms on 
its own and symptoms only occur when vascular 

contact is also present, the disease can be cured 
by eliminating the vascular contact. This explains 
why MVD operations are effective in eliminating 
the symptoms of diseases such HFS, TGN, and 
GPN.  

3.2     Results of MVD Operations 
for HFS 

 Large studies have shown that the cure rate for 
MVD operations for HFS (Barker et al.  1995 ) is 
commonly 85 %. This is similar to MVD opera-
tions for TGN (Barker et al.  1996 ) and GPN 
(Laha and Jannetta  1977 ) and probably some 
forms of spasmodic torticollis (Nagata et al. 
 1989 ). Intermediate nerve neuralgia (geniculate 
neuralgia) can also be cured by MVD operations 
(Tang et al.  2014 ). (Treatment of vascular com-
pression disorders of the eighth cranial nerves is 
discussed in Chaper   8     in this book.) 

 A study of 1174 operations with 1 year or 
more follow-up (Hyun et al.  2010 ) showed that at 
the 1-year follow-up of 1105 patients, 5.9 % had 
residual spasm, thus a cure rate of 94.1 %. This 
study also reported that transient hearing loss 
occurred in 31 patients (2.6 % of all the patients 
operated upon), permanent hearing loss in 13 
(1.1 %), transient facial weakness in 86 (7.3 %), 
permanent facial weakness in nine (0.7 %), cere-
brospinal fl uid leak in three (0.25 %), and cere-
bellar infarction or hemorrhage in two (0.17 %). 

 The precise location of the vascular contact 
along the intracranial portion of the facial nerve 
occurs varies among people with HFS. De Ridder 
et al. ( 2002 ) showed evidence that vascular com-
pression syndromes arise from vascular contact 
along the CNS segment of the cranial nerves. 
Campos-Benitez and Kaufmann ( 2008 ) studied 
115 patients who were operated upon for HFS 
(Campos-Benitez and Kaufmann  2008 ). Thirty- 
eight percent of these patients had multiple 
 vessels in contact with the facial nerve. When the 
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intracranial portion was examined, it was found 
that the prevalence of vascular contact along the 
cranial portion of the nerve was not distributed 
evenly. The root exit point was the primary 
offending area in 10 %, the attached segment in 
64 %, the Obersteiner–Redlich zone (transition 
between central and peripheral axonal myelina-
tion) in 22 %, and the distal cisternal portion in 
3 %. As judged during the operation, the severity 
of compression was mild in 27 %, moderate in 
61 %, and severe in 12 % of patients. Failure to 
alleviate the HFS occurred in nine cases, but this 
failure was not related to compression location, 
severity, or vessel type. The vessels that were in 
close contact with the facial nerve were the ante-
rior inferior cerebellar artery (in 43 %), posterior 
inferior cerebellar artery (in 31 %), vertebral 
artery (in 23 %), or a large vein (in 3 %).  

3.3     Symptoms and Signs 
of Hemifacial Spasm 

 HFS is characterized by periods of spasm engag-
ing only the mimic muscles of one side of the face. 
In some people with HFS, more or less pronounced 
degrees of synkinesis are present. The signs 
 typically develop gradually, beginning with brief 

contractions of the muscles around the eye. The 
condition progresses over several years. The inten-
sity of the spasm around the eye increases and 
spreads to other mimic muscles lower down on the 
face. Typically, after many years (10–15), most 
mimic muscles have been recruited, including the 
platysma, though the muscles of the forehead are 
excluded as they have a different innervation pat-
tern (bilateral facial nerve innervation). 

 In addition to the episodes of spasm and syn-
kinesis, HFS is characterized by an abnormal 
muscle response (AMR) which can be elicited 
from mimic muscles by electrical stimulation of 
a branch of the facial nerve (Esslen  1957 ; Nielsen 
 1984a ; Møller and Jannetta  1984 ,  1985 ; Møller 
 1993 ). This AMR can be demonstrated by EMG 
recordings from mimic muscles that are inner-
vated by a different branch of the facial nerve. 
The initial component of the AMR has a latency 
of approximately 10 ms when, for example, elic-
ited from the temporal or zygomatic branch of 
the facial nerve and recorded from the mentalis 
muscle (Fig.  3.1 ).

   It is not known how specifi c the AMR is for 
HFS, but it can normally not be elicited in people 
who do not have HFS, and in HFS, it disappears 
after successful treatment with MVD. The AMR 
is also known as the “lateral spread response.” 

a b

  Fig. 3.1    ( a ) Electrode montage for recording the abnormal muscle response (Artwork by Zahra Akhavi). ( b ) Placement 
of needle electrodes for recording the AMR in a patient to undergo MVD for HFS       
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 The AMR can normally be recorded under 
surgical anesthesia although the amplitude of the 
AMR will be slightly lower than when the patient 
was awake. The AMR has some similarities with 
the F-response. (The F-response can be elicited 
by electrical stimulation of a peripheral motor 
nerve (Møller and Jannetta  1987 ). The response 
is caused by fi ring of alpha motoneurons by anti-
dromic activity in their motor nerves. Like the 
F-response, the AMR is assumed to be a measure 
of excitability of the facial motor nucleus. 

 The initial component of the AMR that can be 
recorded in response to electrical stimulation of a 
peripheral branch of the facial nerve is followed 
by EMG potentials that may last 100 ms or more 
(Fig.  3.2 ). The prolonged response refl ects repeti-
tive fi rings of motoneurons that produce repeti-
tive muscle contractions (spasm).

   The AMR usually persisted until the blood 
vessel that was in close contact with the facial 
nerve lifted off the facial nerve. In some 
patients, especially patients who had had their 
spasm for a short time only, the AMR decreased 
and even disappeared before the facial nerve 
was exposed (Møller and Jannetta  1985 ). When 
that happens, the AMR can almost always be 
activated again by stimulation of the facial 
nerve branch at a high rate (50 pps) for a short 
time (Fig.  3.3 ). This procedure sometimes has 
to be repeated in some MVD operations to 
maintain the AMR before the facial nerve is 
exposed.

   In the example shown in Fig.  3.3 , the ampli-
tude of the AMR decreased before the facial 
nerve was exposed. Increasing the stimulus rate 
from 5 pp to 50 pp for a brief period brought the 
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  Fig. 3.2    Typical recordings of the abnormal muscle 
response in a patient with HFS who is to undergo an MVD 
operation. The response was recorded from the mentalis 
muscle and elicited by stimulation of the zygomatic 

branch of the facial nerve (Reprint with permission from 
Møller ( 1997 ); originally published in Møller and Jannetta 
( 1985 )       
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AMR back to the amplitude it had at the begin-
ning of the operation. 

 Many patients have multiple vessels in contact 
with the facial nerve, but often times, only one 
vessel needs to be moved off the facial nerve in 
order to achieve complete relief from the spasm. 
A visual inspection is not suffi cient; the only way 
to discern which vessels need to be moved is 
through intraoperative monitoring of the 
AMR. The AMR disappears when the blood ves-
sel that is associated with the symptoms is moved 
off the intracranial portion of the facial nerve 

(Møller and Jannetta  1985 ) (Figs.  3.4  and  3.5 ). 
This principle has led to the development of a 
monitoring method that can help identify which 
vessel should be moved off the facial nerve to 
eliminate the symptoms (Møller and Jannetta 
 1987 ).

    The blink refl ex (also known as the supraor-
bital nerve refl ex (Nielsen  1984b )) elicited by 
stimulation of the supraorbital nerve is abnormal 
in people with HFS in that it engages several 
muscle groups including the mentalis muscle, 
while it normally only involves the orbicularis 
oculi muscles. 

 When a blink refl ex response is elicited in 
people with HFS through electrical stimulation 
of the supraorbital nerve, the refl ex response not 
only includes the muscles around the eye but also 
other muscles of the face (Kim and Fukushima 
 1984 ; Nielsen  1984b ; Auger  1979 ). This spread 
of blink refl ex activity to other parts of the face is 
a sign of the synkinesis of mimic muscles often 
observed in people with HFS. This abnormality 
has been named the “lateral spread response” 
(Nielsen  1984b ). 

 Valls-Sole and Tolosa ( 1989 ) found that the R 1  
component of the blink refl ex response recorded 
from the mentalis or the orbicularis oris muscle 
has a slightly longer latency than the response 
from the orbicularis oculi in the normal blink 
refl ex response (12.6 ± 1.3 ms). This prolongation 
of the R 1  component of the response recorded 
from muscles of the lower face could be explained 
by the fact that facial nerves travel a greater dis-
tance to the muscles of the lower face than to the 
muscles of the upper face. Nielsen reported simi-
lar results (Nielsen  1984b ). 

 Despite having seemingly distinct and clear 
symptoms, hemifacial spasm is frequently 
reported to be misdiagnosed in the primary care 
setting (Martinez et al.  2014 ). 

 Spasm of mimic muscles that resembles hemi-
facial spasm occasionally occurs together with 
trigeminal neuralgia, known as tic convulsive 
(Yeh and Tew  1984 ). 

 An atypical form of HFS where the spasm 
progresses upward over the face has been 
described (Jannetta  1990 ).  
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  Fig. 3.3    Recordings of the AMR in a patient undergoing 
an MVD operation for HFS. Consecutive recordings 
(beginning at top) from the mentalis muscle in response to 
electrical stimulation of the temporal branch of the facial 
nerve are shown. The effect on the abnormal muscle 
response from increasing the stimulus rate from 5 to 50 
pps for a short period of stimulation is shown in a patient 
in whom the abnormal muscle response was very small 
when recorded in the beginning of the operation (Reprint 
with permission from Møller ( 2011 ) Fig. 15.8; originally 
from Møller and Jannetta ( 1985 ))       
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3.4     Pathophysiology of HFS 

 It was probably Dandy ( 1934 ) who fi rst recog-
nized and described how vascular confl ict of cra-
nial nerves could cause a specifi c disorder, in his 
case, trigeminal neuralgia (TGN). When Dandy 
( 1929 ) sectioned the trigeminal nerve in the cer-
ebellopontine angle (CPA) to treat patients with 
TGN, he observed vascular compression of the 
trigeminal nerve, and he later reported that he 
believed this compression to be the cause of tic 
douloureux (Dandy  1934 ). Cushing ( 1920 ) had 
earlier hypothesized that TGN could be caused 
by pressure from a tumor on the trigeminal root, 
but it was probably Taarnhøj ( 1952 ,  1956 ) 
who fi rst described the benefi cial effect of 
 decompressing the trigeminal nerve root to treat 

trigeminal neuralgia. Much later, Gardner and 
Sava ( 1962 ) reported the presence of vascular 
compression of the seventh cranial nerve root in 
patients with HFS (Møller  1998 ). 

 Several theories have been presented explain-
ing the pathology of those disorders that can be 
cured by moving a blood vessel off the intracranial 
portion of the fi fth, seventh, and eighth cranial 
nerves (for a review, see Møller ( 1991 ). It was ear-
lier believed that it was the pounding of an artery 
into a nerve root that injured the nerve and thereby 
caused the symptoms. It has also been assumed 
that arteries in close contact with a nerve root were 
important, but it is now known that veins (Wang 
et al.  2013 ) and very small arteries are important to 
move off the facial nerve to effectively treat HFS 
in some patients (Jannetta  1984 ). 

2mv
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  Fig. 3.4    AMR recorded from the mentalis muscle in 
response to consecutive stimulations of the zygomatic 
branch of the facial nerve in a patient undergoing an MVD 
operation for HFS. Then recordings started at the top of 
the left-hand column. A blood vessel was lifted off the 

root of the facial nerve at the time the top recording of the 
second column was done (Reprint with permission from 
Møller ( 2011 ), Fig. 15.9; originally from Møller and 
Jannetta ( 1985 ))       
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 It is also known that symptoms of HFS may be 
caused by close contact between a vessel and 
other parts of the intracranial portion of the facial 
nerve than the Obersteiner–Redlich zone (Kondo 
et al.  1980 ; Møller and Jannetta  1987 ). 

 Investigators in different fi elds of medicine 
have been fascinated by the pathology of diseases 
that are so effectively cured by MVD. One of the 
unanswered questions has been the anatomical 
location of the site of the pathology; another 
question has regarded an explanation for the fact 
that both HFS and TGN are very rare disorders, 
while vascular contact (compression) is com-
monly found in asymptomatic people. 

 Two hypotheses explaining the role of the 
close vascular contact have prevailed. One 
 suggests that hyperactivity of the facial motonu-
cleus is the cause of the spasm and synkinesis 
(Ferguson  1978 ). The other hypothesis states that 

cross talk (ephaptic transmission) between indi-
vidual nerve axons of the facial nerve occurs 
(ephaptic communication) where it is in contact 
with a blood vessel causing ectopic excitation 
that could explain the signs of HFS (Esslen  1957 ; 
Williams et al.  1952 ; Gardner  1966 ; Gardner and 
Sava  1962 ; Nielsen  1984a ). 

 That close contact between injured nerve 
fi bers could cause direct communication (“cross 
talk”) between axons of nerve was fi rst suggested 
by Granit et al. ( 1944 ). 

 Ephaptic transmission seems a logical expla-
nation of many different pathologies including 
the synkinesis in HFS. Ephaptic transmission, 
however, is a rare phenomenon (Granit et al. 
 1944 ) and has only been verifi ed in very few 
instances. The ephaptic transmission hypothesis 
was nonetheless favored for many years as an 
explanation for HFS (Nielsen  1984a ,  b ). 
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  Fig. 3.5    Recordings of the AMR in a patient undergoing 
an MVD operation for HFS. The responses were recorded 
from the mentalis muscle in response to stimulation of the 
zygomatic branch of the facial nerve. The response to 
consecutive stimulation beginning at the top of the left- 
hand column, continuing from the top  of the middle col-
umn. The  single arrow  near the bottom of the left-hand 

column indicates when a vessel was lifted off the root of 
the facial nerve. The  double arrows  at the top of the mid-
dle column indicate when the vessel was allowed to fall 
back on the nerve root (Reprint with permission from 
Møller ( 2011 ), Fig. 15.7; originally from Møller and 
Jannetta ( 1985 ))       
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 Ferguson ( 1978 ), however, was one of the fi rst 
investigators to point out that ephaptic transmis-
sion between denuded facial nerve axons is not 
suffi cient to explain the symptoms and signs of 
HFS. More recently, Esteban and Molina-Negro 
( 1986 ) arrived at similar conclusions on the basis 
of preoperative studies of people with HFS. These 
investigators questioned whether the ephaptic 
transmission hypothesis could explain HFS 
because it seemed unlikely that the nerve fi bers 
could be in contact with each other on a scale suf-
fi cient to cause the characteristically massive 
contraction of nearly all the facial muscles 
(Møller  1999 ). 

 Results of studies using electrophysiological 
recording during MVD operations of patients 
with HFS reported by Møller and Jannetta ( 1984 ) 
provided physiological evidence against the 
ephaptic hypothesis and in favor of the hyperac-
tivity hypothesis. 

 That stimulation of one branch of the facial 
nerve produced EMG responses from not only 
the muscles that are innervated by the stimulated 
nerve branch but also from muscles innervated by 

other branches of the facial nerve indicates that 
there is an abnormal cross-transmission some-
where in the path of the antidromic facial motor 
nerve. The branch that is stimulated must come in 
contact with the branch that innervates the mus-
cles from which the EMG potentials are recorded. 

 Studies using the recording of the AMR dur-
ing MVD operations for HFS supported the 
hypothesis that the anatomical location of the 
physiological abnormalities in HFS that causes 
spasm and synkinesis is the facial motonucleus. 
Measurements of the conduction time in the indi-
vidual segments of the assumed path of the AMR 
in these intraoperative studies revealed that the 
latency of the AMR was approximately 2 ms lon-
ger that it would have been if the cross talk 
occurred in the facial nerve at the location of the 
vascular contact (Møller and Jannetta  1984 ) 
(Fig.  3.6 ).

   The neural activity generated by stimulation of 
a branch of the facial nerve thus had to travel fur-
ther towards the facial motonucleus before it acti-
vated descending facial structures. The magnitude 
(approximately 2 ms) of the estimated increase in 
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  Fig. 3.6    Comparison between the AMR elicited by stim-
ulation of the temporal branch of the facial nerve recorded 
from the mentalis muscle (middle tracing) and the 
response from the intracranial portion of the facial nerve 
at the location of the vascular contract in response to stim-
ulation of the temporal branch of the facial nerve (bottom 
tracing). The top tracing is the response from the mentalis 
muscle to electrical stimulation of the intracranial portion 

of the facial nerve at the location of the vascular contact. 
If the cross talk that causes the AMR occurred in the facial 
nerve at the location of the vascular contact, the tracing of 
the response from the mentalis muscle to stimulation of 
the facial nerve would have been shifted to the left coin-
ciding with the occurrence of the negative peak of the 
recording from the facial nerve       
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travel time supported the hypothesis that the ana-
tomical location of the cross talk that is the basis 
for the AMR is the facial motonucleus. We further 
suggested that the facial motonucleus was also the 
site of the generation of the spasm and the cross 
talk (causing the synkinesis that is present in HFS) 
(Møller and Jannetta  1984 ). 

 These results of intraoperative recordings thus 
provided evidence that the anatomical location of 
the cross talk along the facial nerve was not the 
location of the vascular contact, and the results of 
these studies supported the hypothesis that the 
facial motonucleus is the anatomical site for the 
cross talk that causes synkinesis and is a basis for 
the AMR (Møller and Jannetta  1984 ). The results 
were later confi rmed in other studies (Itagaki 
et al.  1988 ; Møller and Jannetta  1986 ). 

 We have proposed that plastic changes in the 
facial motonucleus and the resulting increase in 
synaptic effi cacy could activate dormant path-
ways that connect different groups of motoneu-
rons thereby causing the synkinesis that is 
observed especially in the blink refl ex as well as 
the AMR (Møller  1997 ,  2014 ). The increased 
synaptic effi cacy could also explain the spasm. 

 In all of these conduction time studies, there 
was only one patient undergoing MVD for HFS 
who exhibited some signs of ephaptic activity 
(Møller  1987 ) The results of intraoperative 
recordings indicated that the cross talk occurred 
where a blood vessel came into close contact 
with the facial nerve root. This shortening of the 
latency of the AMR occurred after signs that the 
facial nerve had been injured by surgical manipu-
lations. The shortening of the latency of the AMR 
was only present for a few minutes; it was 
assumed to be caused by the cross talk (caused by 
ephaptic transmission) between facial nerve 
fi bers at the location of the injury. 

 These observed transient signs of cross talk in 
the injured nerve root are in good agreement with 
the early description of abnormal cross talk 
between nerve fi bers by Granit et al. 1944 (Granit 
et al.  1944 ), occurring for a brief period after 
injury. This author who has studied many patients 
during MVD operations for HFS has only seen 
that to occur in a single patient and only for a few 
minutes. 

 The facial motonucleus has also been identi-
fi ed as the likely site of the cross talk that creates 
the AMR through preoperative HFS studies 
(Valls-Sole and Tolosa  1989 ). 

 It was hypothesized (Møller and Jannetta 
 1984 ) that the facial motonucleus became hyper-
active through a process similar to the kindling 
phenomenon described by Goddard ( 1964 ). In 
fact, it was later shown in animal experiments 
that it is possible to create HFS-like signs in a rat 
through electrical stimulation of the facial nerve 
using a kindle paradigm (Sen and Møller  1987 ; 
Saito and Møller  1993 ). In these animal studies, 
the facial nerve was stimulated electrically twice 
per day for several weeks near its entrance into 
the skull. After 4–6 weeks of such stimulation, 
the animals presented with signs similar to human 
HFS (Fig.  3.7 ). The AMR in the rat appear with a 
latency of approximately 6.5 ms thus shorter than 
that in humans because of the smaller size of the 
head of a rat.

   There are other signs that the facial motonu-
cleus is hyperactive in people with HFS. During 
normal surgical anesthesia, it is not possible to 
elicit the blink refl ex by electrical stimulation of 
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  Fig. 3.7    AMR recorded from a rat that has had daily elec-
trical stimulation of the facial nerve for 6 weeks (Reprint 
with permission from Sen and Møller  1987 )       
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the supraorbital nerve. In patients with HFS, 
however, the R 1  component of the blink refl ex 
can be electrically elicited by stimulation of the 
supraorbital nerve on the affected side (but not on 
the unaffected side), despite the suppressive 
effect of general anesthesia (Møller and Jannetta 
 1986 ). This means that the suppressive effect of 
the anesthesia on the blink refl ex was counter-
acted on the spasm side by the effect of the 
pathology of HFS and the blink refl ex can be 
elicited even when a patient with HFS is anesthe-
tized. When the offending vessel is moved off the 
facial nerve and the AMR disappears, it is no 
 longer possible to elicit the blink refl ex under 
anesthesia. 

 The R 1  component of the blink refl ex response 
on the spasm side has a latency that is slightly 
longer than what is the normal value of the 
latency, most likely because of the suppressive 
effect of anesthetic agents. The suppressive effect 
of the anesthesia was also evident from the fact 
that the R 2  component was not present. 

 Additionally, the F-response is stronger than 
normal in people with HFS (Hai and Pan  2007 ), 
supporting the hypothesis that the facial moto-
nucleus is hyperactive in HFS. The F-response is 
the response of a motonucleus in response to 
antidromic activity in its motor nerve. The 
F-response thus refl ects the excitability of the 
motonucleus. 

 As revealed by postmortem studies, close con-
tact between the intracranial portions of the tri-
geminal and the facial nerves occurs in more than 
50 % of asymptomatic individuals (Sunderland) 
(Sunderland  1948 ), but only very few have signs 
of diseases (HFS and TGN). This can only be 
explained by assuming that a second factor, in 
addition to the vascular contact, is necessary for 
creating AMR symptoms. Both vascular contact 
and this second factor must be present at the same 
time for AMR to occur. The nature of this second 
factor is unknown as is it anatomical location. 

 In some MVD operations, the AMR reap-
peared when the vessel was allowed to slip back 
onto the nerve (Fig. 13.2, Møller and Jannetta 
 1985 ). This is another critical piece of evidence 
supporting the indication that close contact 
between a blood vessel and the intracranial por-
tion of the facial nerve is crucial for generating 

the symptoms and signs of HFS. Furthermore, it 
demonstrates that MVD works by removing the 
actual cause of the disorder rather than simply 
causing local injury to the nerve. 

 Since HFS can be effectively treated by MVD 
of the intracranial portion of the facial nerve, the 
symptoms must be linked to the effect of a blood 
vessel being in close contact with the facial nerve. 
This means that the presence of a blood vessel on 
the facial motor nerve somehow changes the 
function of the cells in the facial motonucleus. 

 We have suggested that the changes in the 
function of the facial motonucleus are caused by 
plastic changes in the motonucleus and that the 
activation of neuroplasticity is caused the irrita-
tion of the facial nerve from the close contact 
with blood vessel (Møller  1997 ). Activation of 
neuroplasticity may cause increased effi cacy of 
synapses in the facial motonuclei including acti-
vating dormant synapses that connect cells in dif-
ferent parts of the nucleus (Møller  1997 ). This 
can explain the hyperactivity that causes the 
spasm and the synkinesis of the supraorbital 
nerve refl ex as well as the AMR. The hypothesis 
that neuroplasticity causes the functional abnor-
malities in the facial motonucleus also can 
explain the anatomical extension of the spasm 
from a few muscles around the eye to engaging 
all mimic muscles except the muscles of the fore-
head without the vascular contact with the facial 
nerve extends. 

 We suggested that the lateral spread of activity 
in the facial nerve system that causes the AMR 
and the abnormal blink refl ex is the result of cre-
ation of functional connections between alpha 
motoneurons in different parts of the facial moto-
nucleus (Møller  1987 ). These are normally dor-
mant but may be activated through plastic 
changes as a part of the pathology in HFS. The 
synapses that are normally dormant in adults may 
be active in infants and explain the mass facial 
movements often seen in infants. Very strong 
stimulation of the supraorbital nerve has been 
reported to cause similar spread of muscle activ-
ity (Kugelberg  1946 ). 

 The presence of the AMR and the synkinesis 
of the blink refl ex response are signs that differ-
ent motoneurons communicate with each other in 
an abnormal way in people with HFS. 
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 The irritation of the facial nerve from a blood 
vessel may be what activates neuroplasticity that 
causes these functional changes in the facial 
motonucleus (Møller  1997 ). HFS may thus be yet 
another example of maladaptive neuroplasticity 
that causes signs and symptoms of disease 
(Møller  2014 ; Engineer et al.  2013 ).  

3.5     Treatment of HFS 

 The symptoms of HFS (muscle spasm and synki-
nesis) can be successfully treated by MVD. MVD 
operations are traditionally performed using the 
retromastoid approach described by Jannetta 
( 1970 ) and later by Kondo et al. ( 1980 ). This 
allowed for good visibility of the cerebellopon-
tine angle region and provided access to the intra-
cranial portion of the facial nerve. Unfortunately, 
the procedure involved retraction of the cerebel-
lum, which involved certain risks. 

 The success rate of MVD operations for HFS 
as reported in studies of large populations is 
approximately 85 % freedom of symptoms for 
HFS (Barker et al.  1995 , #767). This is similar to 
the results of MVD operations for TGN (Barker 
et al.  1996 ). 

 Endoscopic techniques have recently been 
described for MVD operations. One study 
involved 80 patients showed a success rate of 
92.5 % (Badr-El-Dine et al.  2002 ). 

 406 patients treated by MVD using the tradi-
tional surgical techniques with the longest follow-
up of 12 years and 3 months; 374 were cured 
(92.12 % cure rate). These investigators reported a 
recurrence rate of 7.88 %. Complications were 
sensorineural hearing loss in 31 patients (23 tem-
porary, 8 permanent). 

 Introduction of intraoperative monitoring of 
AMR has made it possible to identify the vessel 
removal of which eliminated postoperative 
spasm. Before the introduction of monitoring of 
the AMR in operations for HFS, some patients 
were not relieved of their symptoms of HFS and 
had facial spasm after the operation. Such patients 
often were reoperated upon to achieve relieve of 
their facial spasm. 

 The value of monitoring of the AMR in pre-
dicting the outcome of MVD operations for HFS 

was documented in a study published 1987 
(Møller and Jannetta  1987 ). 

 For intraoperative monitoring in MVD opera-
tions for HFS, the AMR were recorded. The 
stimuli used to elicit the AMR were 100 micro-
second long rectangular impulses presented to 
the temporal branch of the facial nerve at a rate of 
5 per second. The response was recorded from 
the mentalis muscle. The strength was adjusted 
individually to get a stable response. 

 If lifting a vessel off the facial nerve root does 
not abolish the AMR, it can be concluded that 
this particular vessel was not involved in causing 
the symptoms of the spasm in the particular 
patient. Only when moving a vessel off the intra-
cranial portion of the facial nerve eliminated the 
AMR could it be concluded that the particular 
vessel was involved in the patient’s symptoms. 
However, the AMR must remain absent when the 
stimulus rate is increased to 50 impulses per sec-
ond. The operation should only be concluded 
when the AMR was absent after the stimulus rate 
had been raised to 50 pps. 

 In this study of 67 patients undergoing MVD 
for HFS, EMG activity was recorded from the 
mentalis muscle on the spasm side as AMR was 
elicited through electrical stimulation of the tem-
poral or the zygomatic branch of the facial nerve. 
Before a blood vessel was moved off of the facial 
nerve, all patients demonstrated recordable activ-
ity in the mentalis muscle following stimulation. 
The latency of the initial component of the 
response was approximately 10 msec. 

 In 58 of the 67 patients, the AMR was elimi-
nated completely after recovery from the opera-
tion. Of the remaining seven in which the AMR 
persisted at its original strength after the opera-
tion, only four experienced little or no improve-
ment in the 2–6 months after the operation. 
These four underwent reoperation. In two of the 
remaining three patients, the spasm was absent 
at the 3- and 7-month follow-up examination, 
respectively, and one had mild spasm. Eighty-
three percent of patients were thus completely 
cured by the fi rst operation and 94 % of the 
patients experienced signifi cant relief without a 
second operation. Monitoring of the AMR is 
now used routinely during operations to relieve 
hemifacial spasm. 
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 Recent studies have confi rmed the benefi t 
from monitoring the AMR in MVD operations 
for HFS (Fukuda et al.  2012 ). These authors 
recorded the AMR, and the facial motor evoked 
potential elicited by transcranial electrical stimu-
lation. They found that disappearance of AMR or 
a 50 % or more reduction in their amplitude and 
reduction in the amplitude of the facial motor 
evoked potential amplitude of the orbicularis 
oculi muscle after MVD were predictive of post-
operative relief of HFS. Of the 42 patients in 
whom the amplitude of the facial motor evoked 
potentials was reduced from the baseline, 40 
patients (95 %) had complete relief of the symp-
toms. AMRs disappeared in 20 of the 42 patients, 
and 19 (95 %) of these 20 patients experienced 
immediate relief of their symptoms after the 
MVD operation. Of the 20 patients in whom the 
AMRs persisted at the fi nal recordings, 14 (70 %) 
had symptoms of HFS immediately after the 
operation but improved over time and eventually 
subsided ( P  <0.001). 

 This study showed that both intraoperative 
recorded AMR and facial evoked motor poten-
tials are valuable in predicting the immediate out-
come of an MVD operation for classical HFS. If 
the abnormal muscle response persists at the end 
of the operation conversely, there is a high likeli-
hood of symptoms after the operation, but these 
symptoms may in some patients abate over time. 

 Surgical manipulations in connection with 
MVD of the facial nerve can cause injuries to the 
cochlear nerve, resulting in hearing loss and tin-
nitus. It is therefore also essential to monitor the 
cochlear nerve during the procedure. The useful-
ness of monitoring both auditory brainstem 
evoked responses (ABR) recorded from elec-
trodes placed on the scalp and compound action 
potentials recorded directly from the eighth cra-
nial nerve or from the cochlear nucleus has been 
evaluated in several studies (Møller and Jannetta 
 1987 ; Møller and Møller  1989 ; Sindou  2005 ) for 
monitoring the function of the cochlear nerve 
during MVD operations. 

 The risk of hearing loss was noticeably 
reduced after introduction of intraoperative mon-
itoring of the cochlear nerve. In a study of 140 
operations for HFS, only one patient lost hearing 

(became deaf) (Møller and Møller  1989 ), and one 
patient suffered noticeable hearing loss postop-
eratively but had recovered nearly normal hear-
ing by 4 months after the operation; 6.4 % had an 
average elevation of the hearing threshold in the 
speech frequency range (500–2000 Hz) of 11 dB 
when tested 4–5 days after the operation; eight of 
these had fl uid in their middle ears that most 
likely contributed to the hearing loss. Threshold 
elevations occurred at 4000 Hz in 13.6 % and at 
8000 Hz and 20.7 %. Speech discrimination 
scores decreased by 15 % or more in 5 % of the 
operated patients, and it increased in 4 patients 
by 15 % or more, in 2 patients by as much as 
52 %. What has been reported as “hearing loss” 
can vary between surgeons, some have reported 
only those who became deaf on one ear, or others 
have reported just noticeable change in the pure 
tone audiogram such as 20 dB decrease from pre-
operative value for two frequencies. 

 In 1983, Loeser and Chen summarized the 
complications in 450 MVD operations in 16 
patient series (Loeser and Chen  1983 ). They 
showed that 13 % of the patients in their series 
had “cochlear nerve dysfunction.” Studies by 
Wilkins ( 1993 ) showed in a series of MVD oper-
ations before introduction of intraoperative mon-
itoring 6.6 % “profound ipsilateral hearing loss 
of deafness” (Wilkins  1993 ). 

 A later study by McLaughlin et al ( 1999 ) 
reports the number of complications in 4400 
operations performed by a single surgeon over 
29 years. During this period, the procedure has 
undergone many modifi cations that have contrib-
uted to the observed decrease in complications. 
Introduction of intraoperative neurophysiological 
monitoring (IONM) of hearing in the early 1980s 
has contributed to the decline in occurrence of 
hearing loss. Of the 2420 MVD operations per-
formed for TGN, HFS, and GPA before 1990, 
cerebellar injury occurred in 0.87 %, hearing loss 
in 1.98 %, and cerebrospinal fl uid (CSF) leakage 
in 2.44 %. Of the 1995 operations performed 
since 1990, cerebellar injuries declined 0.45 %, 
hearing loss to 0.8 %, and CSF leakage to 1.85 %. 

 Partial sectioning of the extratemporal 
branches of the facial nerve (Dobie and Fisch 
 1986 ; Fisch and Esslen  1972 ), injections of 
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 phenol or alcohol in mimic muscles # 4205 and, 
more recently, injection of botulinum toxin 
(Botox) (Kraft and Lang  1988 ; Marion  1997 ; 
Vial and Vighetto  1997 ; Kollewe et al.  2010 ) into 
the affected muscles have had some success. 

 The benefi cial effect of Botox injections 
changes (abate) over time, and the injections 
have to be repeated with intervals of 3–6 months. 
After using this treatment for several years, the 
benefi cial effect decreases, and many patients 
will seek MVD operations. While some investi-
gators have found some effect of baclofen, in 
some cases in conjunction with imipramine, on 
HFS (Sandyk and Gillman  1987  2096), the 
patients in this study may have had a peculiar 
form of HFS since the symptoms tended only to 
be precipitated by emotional events.  

    Conclusion 

 Microvascular decompression operations are 
effective in treatment of HFS and 
TGN. Intraoperative neurophysiological stud-
ies of patients undergoing MVD operations 
for HFS has shown evidence that the anatomi-
cal location of the pathologies that cause the 
spasm and the synkinesis of facial mimic mus-
cles is the facial motor nucleus. These studies 
also showed evidence that vascular close con-
tact with the intracranial portion of the facial 
nerve is only one of at least two factors that 
must be present in order that the symptoms of 
HFS are created and maintained. 

 The symptoms and signs of disorders such 
as HFS are caused by functional changes in 
specifi c parts of the nervous system without 
any morphological changes that can be 
detected by the imaging methods that are pres-
ently available. Few functional tests are avail-
able, but EMG recordings are helpful in 
diagnosis of HFS. 

 The functional changes in the central ner-
vous system facilitate hyperexcitability and 
possibly rerouting of information; it is that 
hyperexcitability that causes the symptoms 
and signs. These functional changes are 
believed to be brought about by novel input to 
the central nervous system and perhaps slight 
injury to the respective cranial nerve activat-

ing neuroplasticity. Other factors in addition 
to the close contact between a cranial nerve 
and a blood vessel are most likely necessary to 
cause the symptoms of HFS. The fact that the 
incidence of these disorders increases with 
increasing age may be a result of a general 
decrease in inhibition in the central nervous 
system, caused by an age-related loss of the 
common inhibitory neurotransmitter sub-
stance (GABA) (Caspary et al.  1990 ).     
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      A Novel Hypothesis 
on the Mechanism of Hemifacial 
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    Abstract  

  Regardless neurovascular confl ict has been believed to be the cause of 
hemifacial spasm, the mechanism of the disorder remains unclear to date. 
Current theories, merely focusing on the facial nerve, failed to explain the 
clinical phenomenon of immediate relief following a successful microvas-
cular decompression (MVD) surgery. With experience of thousands 
MVDs and preliminary investigations, we have learnt that the offending 
artery may play a more important role rather than the effect of mechanical 
compression in the pathogenesis of the disease. Due to the mutual friction 
of nerve and artery with pulsation, the surfaces in contact are abraded. 
Neurotransmitters released from the sympathetic nervous endings in the 
adventitia may spillover from the artery wall and spread to the demyelin-
ated nerve fi bers in close contact. As these neurotransmitters bind with the 
transmembrane receptor proteins, ectopic action potentials are triggered 
from those nerve fi bers with lower excitability threshold caused by vascu-
lar compression. When those messy impulses expand to the neuromuscu-
lar junctions, involuntary contractions of facial muscles occur. In this 
chapter, this “sympathetic hypothesis” was evaluated with logical and 
theoretical evidences as well as our experimental data.  

  Keywords  

  Hemifacial spasm   •   Mechanism   •   Offending artery   •   Sympathetic nerves   • 
  Ectopic action potentials   •   Transmembrane receptor proteins   • 
  Neurotransmitters  

4.1         Introduction 

 Hemifacial spasm (HFS) is a common disorder 
of intracranial nerve hyperexcitability, which is 
caused by vascular compression of the seventh 
nerve root (Campbell and Keedy  1947 ; Gardner 
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 1953 ; Wartenberg  1950 ; Iwai et al.  2001 ; 
Marneffe et al.  2003 ; Miller and Miller  2012 ; 
Chung et al.  2001 ). Although the neurovascular 
confl ict theory has been verifi ed by successful 
microvascular decompression (MVD) surgery 
(Jannetta  1970 ,  1980 ,  1981 ; Jannetta et al.  1977 ), 
the underlying pathogenesis of HFS has been 
debated extensively for more than a century since 
Gowers fi rst described (Valls-Solé  2007 ; Gowers 
 1892 ). Until now, many scholars have contributed 
their researches on the mechanism of the disease, 
and there are two main hypotheses so far, which 
were referred as the peripheral and the central. 

4.1.1     The Peripheral Hypothesis 

 In 1962, Gardner ( 1962 ) postulated the symptom of 
HFS was an unstable and reversible pathophysio-
logic state caused by a mild compression of the 
nerve root which permitted transaxonal excitation 
while not interfering with axonal conduction. This 
local irritation of the nerve may facilitate the initia-
tion of impulses in active fi bers by impulses travel-
ing over adjacent fi bers or, in other words, ectopic 
excitation and ephaptic impulse transmission. 
Several experiments observed some histological 
changes at the site of compression, such as demye-
lination, vacuolization of the myelin sheath, and 
partial degeneration of axons (Nielsen  1984a ,  b ; 
Nielsen and Jannetta  1984 ; Sanders  1989 ). 
However, researches have not involved the detail 
concerning the ectopic excitability emersion from 
the facial nerve fi bers yet.  

4.1.2     The Central Hypothesis 

 With development of electrophysiology, a 
characteristic wave of HFS has been recorded 
(Moller and Jannetta  1987 ). It was called abnor-
mal muscle response (AMR). The wave could 
only be monitored in HFS patients by stimulat-
ing one branch of the facial nerve while record-
ing from the muscle innervated by the other 
branch within approximately 10 msec (Kuroki 

and Moller  1994 ; Moller and Jannetta  1986 ). If 
the peripheral hypothesis was correct, the latency 
for AMR should theoretically equal the latency 
of a stimulus delivered to the facial nerve branch 
and recorded at the site of vascular compression 
plus the latency of a direct facial root stimulation 
at the compressed site. However, it was found 
that the sum of these latencies consistently fall 
short of the actual latency (Moller and Jannetta 
 1984 ). This extra time was then assumed to be 
consumed in the facial motor nucleus. Whereas 
this central hypothesis did not explain how a vas-
cular compression results in central changes. 

 Whatever, the above hypotheses failed to 
explain the clinical phenomenon of immediate 
relief following a successful MVD operation. 
Nevertheless, it is hard to answer the question: 
why vascular compression of the facial nerve 
root results in neural hyperactivity (spasm) rather 
than hypoactivity (palsy)?   

4.2     A New Hypothesis 

 With experience of thousands MVDs (Zhong 
et al.  2012 ,  2014 ), we have learnt that the offend-
ing artery may play a more important role other 
than the effect of mechanical compression in the 
pathogenesis of the disease. Eventually, a novel 
hypothesis was then proposed. 

  When the facial root is compressed by an 
artery, the neurovascular interfaces could be 
abraded with pulsation. As the adventitia is worn 
out, neurotransmitters that released from sympa-
thetic endings in the offending artery wall may 
spillover and spread to the contact facial nerve. 
Meanwhile, the excitability threshold of the com-
pressed nerve drops down due to transmembrane 
proteins (iron channels and receptors) occurs in 
the damaged axons. With the neurotransmitter- 
receptor interaction, G-protein-coupled Na   +   
 channels are activated, which induces ectopic 
action potentials on the facial nerve fi bers. As 
these irregular impulses expand to the neuron- 
muscle junctions, involuntary contractions of 
facial muscles occur .  
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4.3     Evidences 

4.3.1     Logics 

 During the MVD processes (Nielsen  1984b ; Zhong 
et al.  2015 ; Xia et al.  2015 ; Ying et al.  2011 ,  2013 ; 
Zhou et al.  2012a ), it was observed that once the 
offending artery was removed away from the nerve, 
the AMR wave was diminished immediately and 
the symptom of spasm ceased postoperatively in 
most of the cases (Gowers  1892 ; Ying et al.  2011 , 
 2013 ; Zhou et al.  2012a ; Martin et al.  1980 ; Habibi 
et al.  2011 ; Zheng et al.  2012a ,  b ; Wang et al.  2014 ). 
This could not be explained by the peripheral or 
central hypotheses, for neither the histological 
changes at the confl ict sites nor the hyperexcitabil-
ity of facial motor neurons was able to repair at once 
after decompression (Zhong et al.  2010 ,  2011a ,  b , 
 2012 ; Kim et al.  2008 ; Kurokawa et al.  2004 ). 
Moreover, it was noticed that the episode of HFS is 
likely to occur when the patient is excited. Based on 
the fact that the symptom occurs with emotions and 
disappears with transposition of the offending 
artery, we guessed that the attack may relate to sym-
pathetic nerves and the offending artery seemed to 
be the hinge (Dou et al.  2015 ). Given that the neuro-
vascular confl ict has been widely accepted as the 
etiology of the disease, it does not make sense to put 
emphasis on the nerve and to ignore the artery for 
investigation of the pathogenesis.  

4.3.2     Animal Model 

 Møller’s classical HFS mode in SD rats was 
adapted (Kuroki and Moller  1994 ; Zhou et al. 
 2012b ). With a post-auricular skin, the main 
trunk of the facial nerve distal to stylomastoid 
foramen and the ipsilateral superfi cial temporal 
artery were exposed, which were then put in 
close contact. A 2/0 thread of chromic suture 
was squeezed in between them in order to induce 
lesions at the interfaces (Fig.  4.1 ). Two weeks 
later, the chromic suture was withdrawn and the 
artery and nerve were still kept in tighten  contact. 
Another 2 weeks later, the animal was ready for 

electrophysiology. Finally, a stable AMR wave 
was monitored in 60 % of the experimental ani-
mals (Fig.  4.2 ). The result implied that HFS 
could be developed from vascular compression 
of the facial nerve root, but this neurovascular 
contact may not always lead to HFS.

4.3.3         Pathology 

4.3.3.1     Attrition of the Neurovascular 
Interface Is the Precordium 
of HFS 

 The pathology demonstrated lesions of epineuria 
and/or adventitia at the neurovascular interfaces. 
However, only those with both lesions of the epi-
neuria and the adventitia were monitored a stable 
AMR wave. As a result, we concluded that the pre-
condition of HFS is the abrasion of neurovascular 
interfaces much than the vascular compression of 

  Fig. 4.1    A microscopic view of the HFS animal 
model. The SD rat was adopted in the animal model of 
hemifacial spasm. Under microscope, the superfi cial 
temporal artery ( A ) and extracranial facial nerve ( VII ) 
were dissected and put together in tight contact 
( circle ). A chromic thread ( C ) was squeezed in 
between the nerve and the artery in order to induce 
lesions. To evaluate the effect of offending artery, a 
segment of the offending artery was cut off ( double 
arrows ) at both sides of the nerve, which yet was still 
in close contact with the facial nerve       
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facial nerve root. This conclusion can explain why 
so many neurovascular contact cases were found 
in cadavers who had no history of HFS (Martin 
et al.  1980 ; Habibi et al.  2011 ).   

4.3.4     Effect of Offending Artery 

4.3.4.1     The Offending Artery May Play 
a Role More than Mechanical 
Compressions 

 HFS-mode rats were used to evaluate the effect 
of offending artery. After coagulation, a segment 
of the offending artery crossing the facial nerve 
was cut off at both sides of the nerve (Fig.  4.1 ). 
For the sham surgery group, the animal under-
went the same operation except for cutting of the 
offending artery. Thirty HFS rats with positive 
AMR were randomly grouped, 20 for treatment 
and 10 for sham operation. Postoperatively, the 
AMR disappeared in 14 from the offending artery 
excluded group, while in three from the sham 
surgery group ( p  <0.05) (Zhou et al.  2012a ). This 
experiment implied that the vascular connection 
rather than the vessel per se has some effect on 
the facial nerve root to trigger an attack of HFS.  

4.3.4.2     The Sympathetic Nerve 
in the Artery Wall Might 
Be Involved in Generation 
of HFS 

 Anatomically, arteries are coated by adventitia 
which contains sympathetic nerve endings as 
well as vasa vasorum. Normally, the sympa-
thetic endings release neurotransmitters that act 
on the nerve-muscle junctions to control con-
traction and dilation of the vascular smooth 
muscles (to regulate the vascular diameter). 
Accordingly, we made a denervation of the 
offending artery to assess the sympathetic 
effect in the HFS rats. With microscopy, the 
supper cervical ganglion was identifi ed, and the 
ganglionectomy was completed. Twenty-four 
HFS rats were used in this series, 16 for treat-
ment and eight for sham  surgery. Postoperatively, 
the AMR disappeared in 12 of the treatment 
group, while in two of the sham surgery group 
( p  <0.05) (Zhou et al.  2012b ). For the fact that 
sympathetic denervation of the artery resulted 
in AMR vanish, we presumed that the sympa-
thetic nerves may be involved for the pathogen-
esis of HFS. This explains why the attack often 
occurs when the patient is nervous.   

  Fig. 4.2    A stable AMR wave        
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4.3.5     Electrophysiology 

4.3.5.1     Biological Connection 
between the Artery 
and the Nerve 

 In order to investigate how the sympathetic endings 
act upon the damaged nerve and induce an impulse, 
we conducted a clinical study. During the MVD for 
patients with HFS, we monitored a typical AMR 
wave with a latency of 10.7 ± 0.5 ms (Zhong et al. 
 2012 ; Zheng et al.  2012a ,  b ; Ying et al.  2011 ). 
When we directly stimulated the facial nerve root, 
we recorded a waveform with a latency of 
7.3 ± 0.8 ms, which disappeared when the offend-
ing was moved away from the nerve (Zheng et al. 
 2012a ,  b ). Based on the latency difference, we 
deduced that something must have happened 
before an action potential emerged from the com-
pressed nerve, as a physical current spread in light 
velocity with little time consumed in conduction.  

4.3.5.2     An Irregular Impulse Could 
Be Induced 
by Neurotransmitters 

 As norepinephrine is the predominant neurotrans-
mitter released from the sympathetic endings in the 
adventitia, we dripped norepinephrine onto the neu-
rovascular confl ict site in the animal experiment. 
Twelve HFS rats following exclusion of the offend-
ing artery were randomized into two groups accord-
ing to drip with norepinephrine or normal saline. 
Postoperatively, the AMR reappeared in 4/6 ani-
mals of the norepinephrine group, while 0/6 in the 
normal saline group ( p  <0.05). The result demon-
strated that the sympathetic effect may be executed 
through neurotransmitters (Zhou et al.  2012b ).    

4.4     Analysis 

4.4.1     A Low Excitation Threshold 
in a Traumatic Nerve Fiber 

 Basically, functional proteins that synthesized 
intracellularly would accurately migrate to proper 
sites of the cell membrane (Wang et al.  2011 ). 

When the nerve fi bers are injured, this protein syn-
thesis and migration process could be out of con-
trol, and ectopic proteins may occur in the cell 
membranes. With sialylated extracellular domains 
of the injured neuron, negative charges are present 
surrounding the damaged neuron. This makes the 
resting transmembrane potential moves toward the 
polarization direction. As extracellular positive 
charges tend to neutralize these negative charges, 
the membrane potential is fl uctuating. This phe-
nomenon is called subthreshold membrane poten-
tial oscillation (SMPO) (Xing et al.  2001 ) 
(Fig.  4.3 ). It means the excitability threshold 
decreases in a traumatic nerve.

4.4.2        Ectopic Excitabilities 

 The amplitude and frequency of SMPO depends 
on voltage, which can be affected by a variety of 
factors, especially the opening and closing of the 
Na +  channel. When this potential fl uctuation 
reaches the threshold level, an action potential 
emerges (Xing et al.  2001 ,  2003 ; Xie et al.  2011 ). 
Recently, some transmembrane proteins have 
been found, such as α-adrenergic (Taylor and 
Ribeiro-da-Silva  2011 ), cholinergic (Moalem 
et al.  2005 ), and ATP (Coddou et al.  2011 ) recep-
tors. It was reported in a chronic dorsal root gan-
glion crush injury experiment, stimulation of 
ATP receptors could increase the excitability 
(Xiang et al.  2008 ). While in a peripheral nerve 
injury study, the excitability reduced with the α 2 - 
adrenergic receptor being blocked (Tulleuda 
et al.  2011 ). Our recent study showed that AMR 
could be recorded with a drip of norepinephrine 
(Zhou et al.  2012a ). This implied that the relevant 
ligand may exist on the demyelinated facial nerve 
fi bers. With a combination of norepinephrine and 
its receptor, the electrical voltage across the 
membrane decreases, and the membrane poten-
tial shifts from −90 mV toward 0 level, which 
allows the G-protein-coupled sodium channels 
(Na v 1.8) to open and induces occurrence of a 
propagable action potential (Xia et al.  2014 ) 
(Fig.  4.3 ).   
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4.5     Summary 

 Eventually, we regard the essence of HFS attack 
as ectopic excitabilities that generated from the 
nerve fi bers of facial root at the site where the 
artery compressed rather than from the central 
nucleus. While these irregular impulses propa-
gate to the never-muscle junction, involuntary 

contractions of facial muscles happen. The path-
ological basis of the disease is the lesions of both 
epineurium and adventitia at the nerve-artery 
interface caused by mutual abrasion with pulsa-
tion in the posterior fossa. Since it has been found 
that the resting transmembrane potential in an 
injured nerve fi ber may arise from transmem-
brane proteins (including receptors and chan-
nels), it make sense that neurotransmitters could 

  Fig. 4.3    An illustration of ectopic action potential 
emerged in a traumatic nerve. While the nerve 
fi bers are damaged, the process of protein 
synthesis and migration can be out of control and 
ectopic proteins may emerge in the cell 
membranes, which make the extracellular domains 
of the injured neuron sialylated. Because of 
negative charges carried by sialic acids, the resting 
transmembrane potential moves toward the 
polarization direction. With combination of 
norepinephrine and its receptor, the electrical 
voltage across the membrane decreases further, 
which allows the G-protein-coupled sodium 
channels to open and fi nally induces a propagable 
action potential       

  Fig. 4.4    An illustrative summary of the sympathetic 
hypothesis. Due to mutual friction with pulsation, the neu-
rovascular interfaces are abraded. When the adventitia is 
worn out, neurotransmitters that released from sympa-
thetic endings in the offending artery wall may spillover 
and transmit to the demyelinated facial nerve in close con-
tact. Meanwhile, the excitability threshold of the nerve 

drops due to transmembrane proteins (iron channels and 
receptors) occurs in the abraded axons. With 
neurotransmitter- receptor interaction, G-protein-coupled 
Na + channels are activated, which induces ectopic action 
potentials on the facial nerve fi bers. When those irregular 
impulses expand to the neuromuscular junctions, involun-
tary contractions of facial muscles occur       
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trigger an ectopic action potential on the 
 compressed facial nerve fi bers via receptor-
ligand interaction (Fig.  4.4 ). However, we still 
need evidences to prove the factor that norepi-
nephrine can spill over from an arterial wall in 
case of adventitia attrition.
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      Pathogenesis of Trigeminal 
Neuralgia                     

     Andrew     M.     Frederickson     ,     Michael     S.     Gold     , 
and     Raymond     F.     Sekula  ,   Jr.     

5.1            Introduction 

 Facial pain is a common and nonspecifi c symptom 
that is associated with known and unknown etiolo-
gies. Because the most effective therapeutic inter-
ventions address a disorder’s etiopathogenesis, it 
is important, when possible, to properly classify 
patients with different etiologies of facial pain. 
This is particularly true for trigeminal neuralgia 
(TN), because of the intensity of the pain associ-
ated with this disorder. Historically, the term TN 
has been used to refer to several different condi-
tions. Taken in its most literal and general form, 
trigeminal neuralgia denotes pain that occurs 
within the dermatomal distribution of the trigemi-

nal nerve. Many clinicians, however, reserve the 
term, TN, to signify a more specifi c disorder, 
which manifests as attacks of sudden, unilateral, 
and lancinating facial pain with characteristic trig-
gers (e.g., light touch, cold air). These attacks may 
result from vascular compression of the trigeminal 
nerve near its entry into the brainstem (Jannetta 
 1967 ; Gardner and Miklos  1959 ). Vascular com-
pression as the etiopathogenesis of TN, however, 
occurs in a minority of patients with facial pain. 
Furthermore, facial pain that does not fi t this 
description completely may also be associated 
with probable incidental vascular compression. 

 Despite the ambiguity about the causal rela-
tionship between vascular compression and 
facial pain, the separation of intermittent facial 
pain, associated with “typical TN,” and constant 
facial pain, associated with “atypical TN,” is 
important because the presence of intermittent 
facial pain implies that the pain is more likely to 
be associated with vascular compression. This 
association, in turn, portends a higher chance of 
response to microvascular decompression 
(MVD) (Barker et al.  1996 ; Tyler-Kabara et al. 
 2002 ; Li et al.  2004 ).  

5.2     Classifi cation 

 The updated criteria for headaches, published in 
2013 by the International Headache Society 
(IHS) ( 2013 ), consider primary headaches, sec-
ondary headaches, cranial neuralgias, central 
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causes of facial pain, and all other headaches. 
Within this classifi cation scheme, facial pain that 
is intermittent and shock-like, “recurring in par-
oxysmal attacks lasting from a fraction of a sec-
ond to 2 min…without persistent background 
facial pain…without apparent cause other than 
neurovascular compression,” is considered clas-
sical trigeminal neuralgia, purely paroxysmal 
type. Facial pain meeting the criteria for classic 
trigeminal neuralgia, “with persistent facial pain 
of moderate intensity in the affected area,” is 
 considered classic trigeminal neuralgia with con-
comitant persistent facial pain. Facial pain that 
occurs for more than 2 h each day for more than 
3 months is considered persistent idiopathic 
facial pain. Thus, while this system enables some 
distinction between TN patients with and without 
vascular compression, further classifi cation of 
idiopathic facial pain is needed.  

5.3     Vascular Compression 
as the Cause of TN 

 Scrupulous examination of the results of MVD to 
treat TN reveals why classifi cation of a patient’s 
clinical symptoms is germane to any discussion 
of TN’s etiopathogenesis. Because it relieves 
facial pain by eliminating vascular compression 
of the trigeminal nerve, MVD enables confi rma-
tion of the diagnosis of “vascular” TN. The 
results of several large case series by very experi-
enced surgical teams yielding different success 
rates for the MVD operation, however, under-
score the need for further refi nement of the crite-
ria used for classifying this disorder (Lee et al. 
 2014 ). Close examination of the inclusion and 
exclusion criteria reveal why this is so. In 2003 
patients who underwent MVD for “typical TN” 
and 672 patients who underwent MVD for “atyp-
ical TN,” the proportions of patients who were 
free of facial pain at last long-term follow-up 
(i.e., more than one half of patients were fol-
lowed for greater than 5 years) were 73.7 and 
34.7 % in the typical and atypical groups, respec-
tively. While the stark difference in outcomes 
between the two groups supports a causal link 

between typical TN and vascular compression 
and suggests other mechanisms must account for 
the majority of cases with constant facial pain, 
the association between clinical presentation and 
underlying mechanisms is far from perfect. 

 Another classifi cation criteria of facial pain 
is the Burchiel classifi cation system, wherein 
type 1 TN corresponds to pain that is constant 
less than 50 % of the time and type 2 TN cor-
responds to TN that is constant greater than 
50 % of the time. Following publication of the 
Burchiel classifi cation criteria (Burchiel  2003 ; 
Miller et al.  2009 ), however, Heros suggested 
in an editorial (Heros  2009 ) that type 2 TN 
ought to be subdivided into type 2a and type 
2b. Type 2a TN begins intermittently and, over 
time, transitions toward developing a constant 
component. Type 2b TN, alternatively, begins 
insidiously as a constant or aching pain (Sekula 
et al.  2011 ). This implies that type 1 and 2a are 
pathologically related, while type 2b may arise 
via an independent mechanism. One specula-
tive explanation for the rare responses to MVD 
in patients with type 2b TN includes iatrogenic 
injury to the trigeminal nerve during surgi-
cal manipulation resulting in a rhizotomy- like 
effect (Adams  1989 ). 

 The fi rst evidence that there may be a link 
between vascular compression and TN was pub-
lished by Dandy ( 1934 ), who observed an intra-
cranial portion of the trigeminal nerve impinged 
by a blood vessel. The fi rst evidence of a causal 
link between vascular compression and TN was 
provided by Gardner who performed, in 1959 
(Gardner and Miklos  1959 ), the fi rst vascular 
decompression resulting in symptomatic resolu-
tion of trigeminal neuralgia. This operation, how-
ever, was substantially developed and refi ned 
along with the use of the operating microscope 
by Jannetta. The results of MVD reported by 
Jannetta (and subsequently others) showed that 
treatment of the vascular compression resulted in 
resolution of a patient’s symptoms in some 
patients (Barker et al.  1996 ). 

 Further evidence of a causal link between 
vascular compression and TN comes from 
an analogous cranial nerve disorder, hemi-
facial spasm (HFS). The pathophysiology of 
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 hemifacial spasm, a syndrome of unilateral epi-
sodic twitching of the muscles around the eye 
and the lower face, is thought to be analogous 
to trigeminal neuralgia. Because the seventh 
cranial nerve is a motor nerve, however, intra-
operative electromyography is routinely per-
formed during MVD for HFS. This technique 
has been employed to show that immediate or 
delayed cessation of HFS’ signature “abnormal 
motor response” is often correlated with decom-
pression of offending blood vessels providing 
indirect evidence that MVD is unlikely to work 
merely by causing trauma to the nerve.  

5.4     Mechanisms Underlying 
Vascular Compression 
and TN 

 While it is generally assumed that mechanical 
stimulation of the trigeminal nerve by the imping-
ing blood vessel is ultimately responsible for the 
pain of TN, the close association between blood 
vessels and nerves throughout the body in addi-
tion to the relatively large mechanical forces 
regularly impinging on many peripheral nerves in 
the absence of pain suggests that mechanical 
stimulation alone cannot account for the pain of 
TN. Consequently, investigators have searched 
for additional underlying mechanisms. Most 
striking among these is the demyelination 
observed in the nerve at the site of compression. 

 Preclinical evidence in support of a link 
between demyelination and TN-like changes was 
obtained from Burchiel and colleagues who dem-
onstrated that following iatrogenic demylination 
of cat and  Macaca mulatta  monkey trigeminal 
nerve roots, trigeminal nerve roots from both ani-
mals produced extra action potentials in response 
to stimulation (Burchiel  1980 ). Suture placement 
resulted in focal nerve injury and demyelination. 
Electrophysiological recordings were then per-
formed at intervals of several weeks following 
suture implantation. The appearance of abnormal 
action potentials was correlated with the appear-
ance of focal demyelination, which took at least 1 
week to occur. Subsequent data from rodent 
models of peripheral nerve compression 

 confi rmed that any compression of a peripheral 
nerve of suffi cient intensity to occlude the local 
blood supply to the nerve was capable for pro-
ducing signs of neuropathic pain (Bennett and 
Xie  1988 ) and spontaneous activity in the com-
pressed nerve (Kajander et al.  1992 ). 

 Clinical evidence of demyelination associated 
with TN was originally reported by Hilton and col-
leagues. Staining followed by electron microscopy 
revealed degraded central myelin at the site of arte-
rial compression in a single patient (Hilton et al. 
 1994 ). This observation was subsequently repli-
cated by Rappaport et al. ( 1997 ) who published an 
analysis of biopsy samples taken from the site of 
compression in 12 patients with  trigeminal  neuralgia 
undergoing microvascular decompression. 
Interestingly, in 11 of 12 patients, both demyelin-
ation and axonopathy were noted by biopsy even 
though only 7 of the 12 patients had intraoperatively 
confi rmed arterial compression of the trigeminal 
nerve. Furthermore, the authors introduced the con-
cept of the “ignition hypothesis” which holds that 
damage to the root entry zone of the trigeminal 
nerve induces parts of the trigeminal ganglion to 
develop autorhythmicity (Devor et al.  2002 ). 

 Jannetta hypothesized that compression- induced 
demyelination allowed the spread of ephaptic 
impulse transmission at these sites. These ephaptic 
impulses, in turn, are perceived as pain (Jannetta 
 1967 ). In addition to sites of dymelination at the site 
of vascular compression, demyelinating plaques of 
the trigeminal system have instead been implicated 
as the causative lesion in TN. In an MR study of six 
patients with symptomatic trigeminal neuralgia, 
Gass et al. ( 1997 ) demonstrated the presence of 
demyelinating plaques in the trigeminal fi bers of all 
six patients, with the lesions ranging anywhere from 
pontine trigeminal nuclei to the junction of the cen-
tral and peripheral myelin, midway through the cis-
ternal segment of the trigeminal nerve. Furthermore, 
Cruccu et al. showed that patients with symptomatic 
TN were more likely to have a plaque within trigem-
inal afferents (i.e., mostly intrapontine) than patients 
with MS and trigeminal sensory dysfunction other 
than TN (Cruccu et al.  2009 ). 

 In addition to these imaging fi ndings, there 
exists both intraoperative (Lazar and Kirkpatrick 
 1979 ; Love et al.  1998 ) and postmortem (Rushton 
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and Olafson  1965 ) evidence for the presence of 
demyelinating lesions within the trigeminal affer-
ent fi bers. Lazar examined a biopsy specimen taken 
during a complete sensory rhizotomy performed 
on a patient with trigeminal neuralgia secondary 
to multiple sclerosis. Histological examination of 
the specimen demonstrated myelin degeneration 
consistent with an MS plaque occurring at the root 
entry zone of the trigeminal nerve. This fi nding 
was expanded upon by Love who examined six 
biopsy samples from patients with TN secondary 
to MS who  underwent a partial sensory rhizotomy. 
Samples were taken from the most proximal part 
of the trigeminal nerve near the entry of afferent 
fi bers into the pons. Histological examination 
showed numerous areas of directly abutting axons 
and a dearth of normal myelin. While all of these 
lesions were confi ned to the centrally myelinated 
portion of the trigeminal nerve, the area of demy-
elination extended proximally along the cisternal 
portion of the nerve to the transition between the 
distal and proximal portions of the trigeminal 
nerve (Love et al.  2001 ). Additionally, Olafson 
demonstrated, upon autopsy of deceased patient 
with right-sided symptomatic TN, a plaque “At 
the junction of the right fi fth nerve and the pons” 
and again in the brainstem near the forth ventricle 
(Olafson et al.  1966 ). 

 One fi nal line of evidence in support of the link 
between TN and demyelination comes from the 
observation that the incidence of TN is higher in 
patients with multiple sclerosis (MS) than in the gen-
eral population (O’Connor et al.  2008 ). Additionally, 
when compared to TN patients without MS, TN 
patients with MS are more likely both to develop 
facial pain at a younger age and to develop bilateral 
facial pain. These facts raise the possibility that it is 
demyelination per se, if not ultimately plaque forma-
tion, rather than the combination of demyelination 
and vascular compression that is necessary for the 
manifestation of TN, because in contrast to patients 
with classical TN, most patients with MS and TN 
are much less likely to have a compressive vessel 
and, therefore, much less likely to respond to micro-
vascular decompression (Resnick et al.  1996 ). 
Further evidence that the causal factor for the pain 
associated with TN is dymelination rather than 
demyelination with vascular compression comes 
from the observation that while MVD has a high 

cure rate with a low risk of sensory side effects in 
patients with type 1 or classical paroxysmal type TN 
or type 2a, the operation is largely ineffective in 
patients with other types of TN even when clear neu-
rovascular compression is present.  

5.5     Evidence against 
Demylination and/or 
Demyelinating Plaques 
as a Mechanism of TN 

 While evidence in support of a link between vas-
cular compression and demyelination/demyelinat-
ing plaques and TN is compelling, there are several 
lines of evidence suggesting that additional mech-
anisms are necessary for the manifestation of pain. 
Most prominent among these is the timing of the 
pain relief produced by MVD: the resolution of 
symptoms is almost instantaneous following 
MVD. In a landmark study, Bunge demonstrated 
that spontaneous central remyelination can occur 
in cats following spinal cord injury (Bunge et al. 
 1961 ). The authors, however, noted that the very 
fi rst evidence of new myelin sheaths did not appear 
until 19 days following injury. If removal of the 
offending blood vessel does promote remyelin-
ation, it would not be expected to produce a clini-
cal effect within seconds to hours. Additionally, as 
Adams suggests, demyelination is unlikely to 
account for the characteristic periods of remission 
and recurrence experienced by most patients with 
type 1 TN (Adams  1989 ). Myelin is simply too 
slow to regenerate in order to account for an epi-
sode of spontaneous remission. Additionally, it is 
unclear why myelin would spontaneously regener-
ate in the presence of unrelenting vascular 
compression. 

 Additional evidence in support of the sugges-
tion that neither MVD nor demyelination alone is 
suffi cient for the generation of pain comes from 
the relatively high incidence of asymptomatic 
vascular compression. Cadaveric observations 
have demonstrated vascular compression of the 
trigeminal nerve in 16–58 % of asymptomatic 
individuals, compared to 90–100 % of patients 
with TN (Haines et al.  1980 ; Hamlyn  1997a ;  b ). 
These postmortem data must, of course, be viewed 
with caution, given the potential for structural 
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changes that occur during the immediate post-
mortem period including loss of blood pressure 
and atrophy of the intracranial tissues that make 
identifi cation of compression more diffi cult. 
Nevertheless, this relatively high incidence of 
neurovascular compression in asymptomatic indi-
viduals is consistent with fi ndings in MRI studies. 
That is, recent technological and methodological 
advances have given rise to the ability to detect 
vascular compression of the cranial nerves radio-
graphically, with a high degree of sensitivity and 
specifi city (Sekula et al.  2014 ). During the dedi-
cated examination of 200 trigeminal nerves in 100 
unaffected individuals, vascular compression was 
observed in 87.5 % of the nerves studied. 
Moreover, 86 % of these compressive vessels 
were arteries and the compression occurred along 
the most proximal portion of the trigeminal nerve 
58 % of the time (Peker et al.  2009 ). 

 Similarly, despite the numerous reports of 
demyelinating lesions in the trigeminal fi bers of 
patients with symptomatic TN, similar lesions 
appear in many MS patients who do not have 
TN-like pain. Da Silva examined MRIs from 275 
patients with MS but without TN and found that 
2.9 % of these TN-free patients had demyelinat-
ing lesions at the area where the trigeminal affer-
ents enter the pons (da Silva et al.  2005 ). The 
existence of incidental demyelinating plaques 
along the trigeminal fi ber distribution in patients 
with MS but without TN was confi rmed by Mills 
et al. ( 2010 ). Using high resolution (3 T) MRI, 
Mills showed that 23 % of the 47 MS patients 
examined had a plaque between the trigeminal 
pontine nuclei and the cisternal portion of the 
nerve despite no symptoms of TN. This shows 
that the presence of demyelination alone is not 
suffi cient to produce TN in all individuals.  

5.6     Mechanisms That May Work 
in Concert with Vascular 
Compression 
and Demyelination 

 As suggested by the ICHD or Burchiel classifi ca-
tion of TN and the incomplete overlap between 
either vascular compression or demyelination, 
the spectrum of symptoms associated with TN 

and the immediacy of relief afforded by MVD 
suggest other mechanisms must contribute to the 
pain of TN. One such mechanism would be the 
redistribution of voltage-gated Na +  channels at 
points of demyelination. The distribution of ion 
channels in myelinated nerves is tightly regulated 
with voltage-gated Na +  channels clustered at 
nodes of Ranvier and K +  channels targeted to the 
paranodal regions (Buttermore et al.  2013 ). 
Demyelination results in a dramatic disruption in 
this organization, with Na +  channels becoming 
broadly distributed across the demyelinated 
region (Henry et al.  2006 ;  2009 ). The result may 
be a disruption in the balance between excitatory 
and inhibitory channels and the emergence of 
spontaneous activity. Such changes have been 
most clearly documented in preclinical models of 
traumatic nerve injury, where such a shift in the 
balance results in oscillations that can result in 
bursts of activity comparable to what one would 
anticipate in classical TN (Amir et al.  2002 ). Low 
threshold tetrodotoxin (TTX)-sensitive Na +  chan-
nels appear to play a particularly important role 
in the emergence of this spontaneous activity, a 
mechanism that may account for the effi cacy of 
the use-dependent Na +  channel blocker, carbam-
azepine, in the pharmacological treatment of TN 
(Amir et al.  2006 ). 

 Consistent with the suggestion that a redistri-
bution of voltage-gated Na +  channels may con-
tribute to the emergence of TN, not all portions of 
the trigeminal nerve are equally susceptible to 
neurovascular compression (Sindou et al.  2002 ; 
Peker et al.  2006 ). From his early experience 
with MVD, Jannetta described the importance of 
the trigeminal nerve’s “root entry zone” (REZ), 
which he believed extended to the porous trigem-
inus (McLaughlin et al.  1999 ). The existence of 
this so-called transition zone has been demon-
strated empirically, and its dimensions have been 
quantifi ed by Peker et al. ( 2006 ). Upon staining 
histological sections of 100 trigeminal nerves 
with Luxol fast blue in order to detect 
oligodendrocyte- derived (i.e., central) myelin, 
the authors showed that the end of the transition 
zone never extended beyond the halfway point 
between the nerve’s exit point from the pons and 
Meckel’s cave. A report by Sindou, however, 
documented the location of compression identi-
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fi ed intraoperatively during MVD, showing that 
compression occurred along the most distal por-
tion of the trigeminal nerve (i.e., near the porous 
trigeminus) only 9.8 % of the time. 

 The correlation between decompression of the 
trigeminal nerve’s proximal segment and a pain- 
free outcome following MVD implies differen-
tial susceptibility of the central and peripheral 
myelin to vascular insult. While the exact nature 
of this variable susceptibility remains unchar-
acterized, there are a number of known differ-
ences between central and peripheral myelin, 
which may explain why compression of the cen-
tral myelin is more likely to be associated with 
TN. The ratio of cerebroside and sulfatide lipids 
to sphingomyelin is signifi cantly lower in the 
peripherally derived myelin than in the centrally 
derived myelin. Potentially more importantly, 
however, is the evidence in support of the unique 
distribution of channels along a peripheral nerve. 
Sites of transition, such as that associated with 
the “T-junction” of the bifurcated peripheral 
axon may be associated with particularly high 
densities of voltage- gated Na +  channels to ensure 
action potential propagation through this zone, 
as well as the presence of channels with unique 
biophysical properties (Amir et al.  2006 ). Both 
of these factors may make this zone particularly 
sensitive to the demyelinating effect of vascular 
compression. 

 An additional mechanism that may account 
for the emergence of ectopic activity at the site of 
vascular compression is the ectopic expression of 
chemo- (Chen et al.  1996 ; Shinder et al.  1999 ), 
thermo- (Kirillova et al.  2011 ), and, potentially 
most importantly, mechanotransducers at the site 
of compression (Kirillova et al.  2011 ). In an ele-
gant preclinical study, Janig and colleagues dem-
onstrated that following nerve injury, transducers 
are inserted in the membrane of axons. The result 
is the emergence of sensitivity of chemicals, 
changes in temperature (heat and cold), and 
mechanical stimuli (Kirillova et al.  2011 ; 
Grossmann et al.  2009 ). The presence of mecha-
notransducers would enable the trigeminal nerve 
to become responsive to the changes in blood 
pressure in the compressing nerve and, conse-
quently, serve as a trigger for a painful attack. 

 A third mechanism for the bursts of pain asso-
ciated with TN was proposed by Devor, based on 
the somatotopic organization of the trigeminal 
ganglion (Devor et al.  2002 ). In contrast to spinal 
ganglia, there is a loose somatotopic organization 
of the trigeminal ganglia such that the cell bodies 
of neurons giving rise to innervation of particular 
cranial structures are likely to reside in close 
approximation (Chai et al.  2014 ; Oyagi et al. 
 1989 ; Gregg and Dixon  1973 ). This fact, in com-
bination that sensory afferents are not only able 
to release transmitter within the ganglion but 
response to transmitter released within the gan-
glia (Matsuka et al.  2001 ; Neubert et al.  2000 ), 
could account for the observation that pain 
attacks may be triggered with innocuous stimula-
tion of overlaying tissue (Devor et al.  2002 ). In a 
neuron already hyperexcitable from the redistri-
bution of ion channels at sites of demyelination, 
the additional depolarization associated with the 
actions of transmitters released within the gan-
glia may be all that is needed to trigger an attack.  

    Conclusion 

 While vascular compression clearly plays a 
part in some patients’ trigeminal neuralgia, 
other mechanisms almost certainly contribute 
as well. The possibility that these other factors 
contribute to the manifestation of TN could 
account for the variability in both the clinical 
presentation of the disorder and the response to 
pharmacological interventions and MVD. On 
the one hand, classical TN would depend pri-
marily on the changes in the excitability of the 
peripheral nerve and aberrant expression of 
transducers, such that MVD eliminates a pri-
mary drive for the attack, and relief is obtained. 
Conversely, in patients with more widespread 
demyelination, the loss of membrane stability 
associated with ion channel distribution and 
the emergence of ectopic chemotransducers as 
a primary driver for aberrant afferent activity, 
patients may experience ongoing pain and lim-
ited responsiveness to MVD. A fi nal possibil-
ity is a loss of homeostatic balance as a result 
of a focal loss of non-nociceptive input to the 
CNS. Under this scenario, focal block or loss 
of propagation of action potentials in low 
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threshold afferents that normally inhibit input 
of nociceptive afferents would enable the 
 manifestation of ongoing pain that may also be 
unresponsive to MVD.     
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    Abstract  

  As an etiological treatment of trigeminal neuralgia, the microvascular 
decompression (MVD) surgery has been popularized around the world for 
more than half a century. However, as a functional operation in the cerebel-
lopontine angle, this process should be refi ned to enhance the cure rate and 
minimize the complication. After accomplishment of more than 6000 
MVDs, we’ve learned something concerning the operative technique: (1) 
the principle of MVD is to separate the neurovascular confl iction rather 
than isolation with prostheses; (2) identifi cation of the confl ict site is impor-
tant, which relies upon a good exposure; (3) a satisfactory working space 
can be established by an appropriate positioning and a close-to-the- sigmoid 
craniectomy as well as a caudorostral approach; (4) a sharp dissection of 
arachnoids leads to a maximal visualization of the entire intracranial course 
of the nerve root; (5) all the vessels contacting the trigeminal nerve root 
should be treated; and (6) the dura should be closed with watertight stitches 
at the end. In this chapter, every single step of the procedure was detailed.  

  Keywords  

  Microvascular decompression   •   Surgical technique   •   Trigeminal neuralgia  

     According to the classifi cation of  the 
International Headache Society , trigeminal 
neuralgia can be classifi ed as idiopathic (pri-
mary) and symptomatic (secondary) (Olesen 
and Steiner  2004 ). Whatever, the diseases are 

etiologically caused by cerebellovascular com-
pression of the trigeminal root, no matter 
directly or indirectly pushed by neoplasms or 
adhesions in the cerebellopontine angle 
(Shulev et al.  2011 ; Zhong et al.  2008 ; de 
Lange et al.  1986 ). Therefore, separation of the 
nerve from the offending vessel(s) seems to be 
an ideal treatment. Since microvascular decom-
pression (MVD) was fi rst introduced by Dandy 
and then popularized by Jannetta in the last 
century, it has been thought to be the most 
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 reasonable technique for treatment of trigemi-
nal neuralgia (Kellogg et al.  2010 ; Jannetta 
 2007 ; Haines et al.  1979 ; McLaughlin et al. 
 1999 ; Zhong et al.  2012 ). Nevertheless, this 
sort of surgical process is still with risk because 
of those delicate cerebellopontine structures, 
and some patients cannot totally relieve their 
symptoms postoperatively (Zhong et al.  2012 ; 
Sindou et al.  2002 ,  2007 ; Xia et al.  2014 ; 
Barker et al.  1996 ). As a result, the surgical 
techniques of MVD need to be further dis-
cussed (Devor et al.  2002 ; Hong et al.  2011 ; 
Zhong et al.  2014 ). 

6.1     Indications  

 Generally, MVD is indicated for all the patients 
suffering from drug-resistant trigeminal neu-
ralgia as long as their general conditions do not 
contraindicate general anesthesia. We would 
like to point out that old age is not an uncondi-
tional contraindication for MVD. Instead, it is 
relatively easier to operate on the aged for they 
have a wider subarachnoid space as a result of 
brain atrophy (Sekula et al.  2008 ,  2011 ). Only 
those with decompensated dysfunction of vital 
organs should be evaluated cautiously. Hence, 
we suggest performing the surgery in the early 
stage before the patient’s quality of life is 
awfully infl uenced. Especially, for those under-
nourished because of less eating to avoid an 
attack of severe pain induced by oral move-
ment, a prompt surgery is encouraged (Lemos 
et al.  2011 ; El-Ghandour  2010 ). In addition, 
MVD is indicated in patients with coexistent 
trigeminal neuralgia and hemifacial spasm 
(Zhong et al.  2011 ; Cook and Jannetta  1984 ), 
glossopharyngeal neuralgia, (Wang et al.  2014 ) 
or Bell palsy (Jiao et al.  2013 ).  

6.2     Anesthesia  

 General anesthesia is used for the process. 
Besides imperceptions and relaxations, decrease 
of intracranial pressure (ICP) should not be 
neglected. The dura should not be opened until a 
satisfactory ICP is ready. Otherwise, the brain tis-
sue might be squeezed out and lead to cerebellar 
contusions. Hyperventilation can be used tempo-
rarily to reduce brain volume and decrease ICP 
when necessary. Meanwhile, the brain pulsation 
should be well controlled as it may generate a ter-
rible cerebrospinal fl uid (CSF) tide. The micro-
scopic imagings of the trigeminal root and 
offending artery as well as petrosal veins will be 
transferred ceaselessly due to the changing optic 
refraction arose by CSF fl uctuation. Hence, it 
will be a challenge to dissect the trigeminal root 
in such an SCF rapid – not to mention the deep 
and narrow operation fi eld. As brain pulsation is 
generated by the heartbeat via the transmission of 
the arterial pulse, ventricular tachyarrhythmia 
should be avoided. Therefore, β-adrenergic 
blockers will be helpful. Basically, small doses of 
esmolol can be used repeatedly to control the 
perioperative tachycardia or hypertension.  

6.3     Positioning  

 We place the patient in a park bench position (3/4 
lateral prone decubitus). This position is superior 
to supine or full prone position because it obvi-
ates the need to turn the patient’s head into an 
uncomfortable position and therefore decreases 
the risk of postoperative neck pain, especially for 

MVD is appropriate for most of the patients 
with trigeminal neuralgia.

Intracranial pressure and brain pulsation 
should be well controlled.

A proper positioning contributes to a satis-
factory exposure.
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obese patients with generous supraclavicular fat 
pads. It is necessary to point out that the contra-
lateral shoulder should be close to the edge of the 
bed so that the surgeon can easily reach the surgi-
cal site. Meanwhile, the ipsilateral shoulder 
should be pulled away from the head by a shoul-
der belt so as to create a satisfactory working 
space, which facilitates the instruments getting in 
and out of the surgical fi eld. A fi xation frame is 
used to hold the patient’s head stable and make it 
possible to apply retractor system when neces-
sary. However, we no longer use retractors even 
in cases of secondary trigeminal neuralgia result-
ing from CPA masses since we have chosen an 
oblique position of the patients’ head. This 
inclined position with the patient’s head turning 
back 15° from the level surface facilitates the cer-
ebellum to fall away under its own gravity from 
the petrosal bone and obviates the need of retrac-
tors. Therefore, a good exposure is achieved by 
rational positioning of the patient’s head rather 
than retracting of cerebellum (Fig.  6.1 ) (Zhong 
et al.  2012 ,  2014 ).

6.4        Incision  

 Although transversal, arc, or reverse ‘U’ shape 
incisions have been reported (Cohen-Gadol 
 2011 ), we choose a vertical linear incision. It 
is laterally parallel to the hairline and crosses 
the inion-zygomatic line with 1/3 above and 
2/3 below. Nowadays, we have adopted a mas-
toid retractor to hold the incision and no scalp 
clip is needed. Owing to the limitation of the 
retractor’s open angle, an incision longer than 
7 cm is not really necessary. To save a good 
blood supply, undue coagulation should be 
avoided during the incision making and a 
quick retraction of the incision is recom-
mended. As the operator is sitting behind the 
patient, a more medial peeling will provide a 
good sight (Fig.  6.2 ).

An extra-large incision may not be good 
for exposure.

a b

  Fig. 6.1    Positioning. ( a ) The patient is placed in a 3/4 
lateral prone decubitus position with the ipsilateral shoul-
der being slanted forward (  a ) and pulled away from the 
head. The patient’s head is turned back 15° from the hori-
zontal plane (  b ). ( b ) The diagrammatic drawing exhibits 

the benefi t of the head-inclined position. It offers a bigger 
visualizable area ( B ) than a fl at position ( A ) does. Because 
of its own gravity, the cerebellum falls away from the 
petrosal bone and provides more working space ( D ) than 
a fl at position ( C ) does       
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6.5        Craniectomy  

 Basically, a craniectomy of <3 cm in diameter is 
enough for most cases. The edge of the sigmoidal 
sinus should be exposed to ensure an ideal surgical 
corridor. To avoid dural sinus injury, we prefer cra-
niectomy with pneumatic drill and Kerrison ron-
geur to craniotomy with milling cutters. Bone dust 
and chips were preserved for the later cranioplasty. 
The bone over the sigmoid sinus should be removed 
in small pieces. Bone wax is effective for homeo-
stasis at the edge of dural sinuses. To obtain a good 
working angle, the mastoid antrum could be opened 
if necessary, but it should be immediately waxed to 
prevent infection and CSF leak (Fig.  6.2 ).  

6.6     Durotomy  

 Before dural opening, a thorough irrigation is nec-
essary. It is not merely for bone scraps cleaning but 
mainly for double checks of bleeding. Even a little 

oozing of blood may fl ow in your surgical fi eld 
continuously, which may interfere with your 
vision and mood terribly. In spite of a variety of 
dural tailoring, we now prefer an arc- shaped cut-
ting with its chord paralleling to the lateral rim of 
the craniectomy. After the dural mater is sutured 
back with double knotting, the suture thread 
remains in place (without cutting off), which facil-
itates tightening when necessary during the proce-
dure. This pattern of dural opening leaves the 
majority of the dura on the cerebellum, which 
avails the protection of the cerebellar hemisphere 
during the process (Fig.  6.3 ). To avoid shrinkage 
of the dura due to the heat generated by the operat-
ing microscope’s lamp aimed at the surgical fi eld 
during the intradural portion of the operation, 
pieces of wet Gelfoams are placed over the dura.

6.7        Exposure  

 In our series of 6000 MVDs, the main reason of a 
failed surgery was that the exact offending 
vessel(s) were not recognized or the  neurovascular 
confl ict site was inaccessible intraoperatively. So 

  Fig. 6.2    Incision and craniectomy. A vertical 
linear incision is suggested, which parallels 
laterally to the hairline. The incision is held by a 
mastoid retractor without scalp clip. Owing to the 
limitation of the retractor’s open angle, an incision 
longer than 7 cm is not really necessary. As the 
operator is sitting behind the patient, a more 
medial peeling (*) will provide a good sight. A 
 circle  marks the location of craniectomy, which 
should be very close to the mastoid and lateral 
enough to the sigmoid sinus       

A satisfactory exposure is obtained by 
sharp microdissection as well as proper 
position and craniectomy rather than harsh 
retraction.A good durotomy provides a maximal sur-

gical corridor toward the confl ict site.

A much lateral craniectomy close to the 
sigmoid sinus is recommended.
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we believe a full exposure of the entire trigeminal 
nerve root course is the key to obtain a good 
result. Advancing toward the target starts with a 
Cottonoid placed over the cerebellum and drain-
ing CSF slowly. Usually, an unhurried suction 
drainage of CSF and an ample adhesiolysis are 
effective enough to achieve brain relaxation, and 

no mannitol or lumbar puncture is needed for 
most of the cases. We do not use retracting blades 
because a narrow suction tube allows more mobil-
ity and can actually afford more working space 
than a wider spatula does during the procedure at 
a moment when a specifi c area is dissected. As a 
matter of fact, with a good knowledge of the 
regional anatomy, one does not have to visualize 
the whole area of CPA while operating at a par-
ticular site (but those surrounding structures 
should always be in mind). Basically, a Fukushima 
teardrop suction tube, a pair of microscissors, a 
microdissector, and a pair of bipolar coagulation 
forceps are enough to complete all the intracranial 
manipulation. Instead of the  ordinary gun-shape 
forceps, a self-irrigating bipolar forceps can keep 
the Cottonoid over the cerebellum moist all the 
time and avoid cerebellar contusion. The action of 
clamping an artery should be avoided, which may 
cause vasospasm (Fig.  6.4 ).

6.8        Approach  

 The protection and management of petrosal veins 
poses the main challenges and risks during the 
process. In early cases, we approached the 

  Fig. 6.3    Durotomy. The dural membrane is cut in an arc 
shape with its chord paralleling to the lateral rim of the 
craniectomy. This pattern of dural opening leaves the 
majority of the dura on the cerebellum, which avails the 
protection of the cerebellar hemisphere during the pro-
cess. After the dural mater is sutured back with double 
knotting, the suture thread remains in place (without cut-
ting off), which facilitates tightening when necessary dur-
ing the procedure       

A caudorostral (via cerebellar fi ssures) 
approach is suggested.

  Fig. 6.4    Exposure. A satisfactory exposure can 
be achieved without using retracting blades. With 
a slow drainage of CSF and an ample adhesiolysis, 
a surgical corridor can be established. Actually, a 
narrow suction tube affords more working space 
than a wider spatula does at a moment when a 
specifi c area is dissected.  V  trigeminal nerve,  PV  
petrosal vein,  SCA  superior cerebellar artery,  T  
Tefl on waddings,  REZ  root entrance zone       
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 trigeminal nerve from the superolateral aspect of 
the cerebellum, and petrosal veins were often 
obstructing the access path. We used to sacrifi ce 
these veins to prevent unintentionally tearing at 
its entry to the superior petrosal sinus, which was 
tough to manage. In that case, compression with 
Gelfoam was the only way for homeostasis, 
while coagulation could only make things worse. 
However, when a Gelfoam was used to cover the 
bleeding point, working space became much nar-
rower and the following procedures could be very 
diffi cult. To detour off those petrosal veins, we 
now dissect the arachnoid membranes around the 
petrous and the superior cerebellopontine fi s-
sures. Basically, the REZ of the V nerve will be 
directly in your sight with the cerebellar fi ssures 
opened thoroughly (Fig.  6.5 ) (Zhu et al.  2014 ).

6.9        Decompression  

 The trigeminal nerve is then circumferentially 
inspected along its entire intracranial course from 
its REZ at the brainstem laterally to its entrance 
into the Meckel’s cave. The neurovascular rela-
tionship is carefully studied, and any vessel 
related to the V nerve is moved away, followed 
by placement of soft Tefl on wadding between 
them. Those venules adhered to or even go 
through the trigeminal nerve can be coagulated 
and cut. Due to structural difference, the central 
portion of trigeminal nerve is more vulnerable to 
compression. A study found that the average 
length of the central portion of the trigeminal 
nerve is 2.6 mm, while for facial nerve, it is only 
1.7 mm (De Ridder et al.  2002 ). Accordingly, the 
patients with trigeminal neuralgia have more 
chances of lateral confl iction than those with 
hemifacial spasm (Katusic et al.  1990 ; Auger and 
Whisnant  1990 ). Nevertheless, to achieve a high 
cure rate, a thorough exposure of the whole intra-
cranial nerve course is recommended. Comparing 
to hemifacial spasm, the neurovascular confl ic-
tion in trigeminal cases is more complicated 
(Sindou et al.  2002 ). A superior cerebellar artery 
along the shoulder of the root entry zone is com-
monly seen compressing the caudal side of the 
trigeminal nerve ventromedially. Mobilization of 
the arterial loop often discloses a site of discolor-
ation (or even an indent) along the nerve, which 
confi rms that the intended pathology is found and 
is predictive of a good outcome after surgery. The 
possibility of multiple offending vessels (arterial 
and/or venous loops) should be excluded with 
careful inspection.  

a

b

  Fig. 6.5    A caudorostral approach. ( a ) To yield petrosal 
veins ( PV ), we choose the via-cerebellar-fi ssure approach 
( 2 ) instead of the infratentorial superior-lateral cerebellar 
approach ( 1 ). ( b ) After dissection of the arachnoid mem-
branes around the posterior petrous and the superior cer-
ebellopontine fi ssures, usually the REZ of the trigeminal 
nerve ( V ) could be turned up in your sight directly. 
 VII- VIII  facial and vestibulocochlear nerves       

The Principle of Decompression: separa-
tion of the neurovascular confl ict rather 
than insertion of prosthesis between them

Identifi cation of the neurovascular confl ic-
tion: a full-way inspection of the nerve root 
increases the chance.
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 As a matter of fact, a skillful driving of a 
microdissector in assistance with a fi ne suction 
tube by the operator’s two hands is enough to 
complete the decompression process, including 
removal of the offending vessel(s) and place-
ment of Tefl on wadding piece by piece, and no 
other instruments controlled by a third hand 
are needed in such a small room. Moving the 
vessel with forceps is not recommended. The 
substance of decompression should be sepa-
ration of the neurovascular confl iction rather 
than insertion of prosthesis between the nerve 
and the vessel. Actually, the role of the Tefl on 
is to keep the offending vessel from rebound-
ing; therefore, it is unnecessary to be always 
put at confl ict site (Fig.  6.6 ). Furthermore, 
those offending arteries are supposed to be 
positioned anatomically. As the SCA or AICA 
is the most common culprit, they should be 
transposed rostrally or caudally though they 
may occur any way in the nerve root (Jannetta 
 2007 ). We advocate simple and safe techniques 
in MVD surgeries (Zhong  2012 ). As the ordi-
nary decompression process is usually not so 
complicated, we merely discuss some extreme 
cases here.

6.9.1       Ectatic Vertebrobasilar 
Artery Complex 

 It will be tough when the surgeon encounters an 
incompliant and ecstatic vertebrobasilar artery 
complex (VBA) during the MVD (Linskey 
et al.  1994 ; Mittal and Mittal  2011 ; Ma et al. 
 2013 ). In that case, the point of the surgery 
is to move the VBA proximally. Basically, 
a tortuous vertebral artery is usually found 
ventrally to the caudal cranial nerves in these 
cases. Through the interstices between the 
caudal nerves, the proximal segment of VBA 
is mobilized caudolaterally, and then small 
pieces of shredded Teflon are gradually placed 
between the VBA and the medulla oblongata to 
keep the artery free from the brainstem. With 
the arachnoid membrane around the nerves 
opened thoroughly, the cerebellum is gradu-
ally raised until the pontomedullary  sulcus is 

visualized. Then, ventrally to the facial nerve, 
more pieces of Teflon wadding are added 
between the VBA and the pons in order to 
further remove the VBA caudolaterally. By 
that time, the neurovascular confliction can be 
distinguished without difficulty – sometimes, 
the offending artery may have left from the tri-
geminal nerve root spontaneously (Yang et al. 
 2012 ). This lateroinferior cerebellar approach 
has the advantage of evading veins that may 
block the surgical corridor when the infraten-
torial approach was adapted (Fig.  6.7 ) (Sekula 
et al.  2011 ; Lemos et al.  2011 ).

a

b

  Fig. 6.6    The decompression process. The principle of 
decompression is separation of the neurovascular confl ict 
rather than insertion of prosthesis between them. The 
Tefl on may be placed anyway as long as it could keep the 
vessel from rebounding. ( a ) In this case, the superior cer-
ebellar artery ( SCA ) was identifi ed as the culprit, which 
contacted with trigeminal nerve ( V ) rostrally. ( b ) After the 
offending artery was separated from the nerve, a Tefl on 
wadding ( T ) was not placed at the original confl ict site (*). 
VIII the vestibulocochlear nerve, PV petrosal vein       
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6.9.2        Venous Compression 

 As a high recurrence rate has been reported, the 
venous compression is worth addressing here 
(Hong et al.  2011 ; Helbig et al.  2009 ; Kimura 
et al.  1999 ; Sato et al.  1979 ; Lee et al.  2000 ; Li 
et al.  2014 ; Matsushima et al.  2004 ). A thorough 

 understanding of the venous anatomy around the 
trigeminal nerve is crucial to identify the culprit 
veins accurately. The veins that commonly com-
press the trigeminal nerve are tributaries of the 
superior petrosal vein, namely, the transverse pon-
tine vein, the pontotrigeminal vein and the vein of 
cerebellopontine fi ssure, and the vein of  middle 

a b

c

d

  Fig. 6.7    Decompression of an ectatic vertebrobasilar 
artery. ( a ) The MRI delineated an ectatic vertebrobasilar 
artery that shifted to the ipsilateral side. ( b ) As the cerebel-
lum being raised, both the vertebral arteries ( VA ) were visu-
alized in the surgical fi eld and the trigeminal nerve ( V ) was 
covered by a tortuous VA. Before dissection of the trigemi-
nal root, the covering VA should be freed beginning from 
the proximal segment. In this photo, the proximal VA had 

been mobilized caudolaterally and held by Tefl on waddings. 
Without spatula, these waddings had been buried by the cer-
ebellar hemisphere while the section tuber moved rostrally, 
but only those Tefl on ( T ) in the level of acoustic nerve ( VIII ) 
were visible. ( c ) With the VA being moved caudally, a dent 
(*) was found in the caudal V nerve. ( d ) Tefl on waddings 
were inserted between the nerve and VA and the dorsal 
petrosal vein ( PV ) as well as a small artery       
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cerebellar peduncle (Choudhari  2007 ). The trans-
verse pontine vein is usually attached to the supe-
rior-medial or inferior surface of the trigeminal 
nerve just in front of the Meckel’s cave. When 
the culprit vein adheres fi rmly to the brain stem 
and cranial nerve, coagulating and cutting tech-
niques are preferred in the decompressing process. 
However, large veins ( Φ  > 2 mm) should avoid sac-
rifi cing unless they are surely not related to deep 
venous drainage of the brain stem (Zhong et al. 
 2008 ; Hong et al.  2011 ; Masuoka et al.  2009 ).  

6.9.3     Intraneural Vessels 

 In very rare instances, a vessel may cross through 
the trigeminal nerve (Helbig et al.  2009 ; Kimura 
et al.  1999 ; Tashiro et al.  1991 ). For those very 
small arteries (arterioles) or veins (venules), 
coagulation and cutoff could be used. For those 
that situate very laterally to the edge, some nerve 
fi bers of the trigeminal nerve root could be cut 
off to release the offending vessel. However, 
improper management of big middle intraneural 
vessels may lead to trigeminal nerve injury and 
result in uncomfortable neuropathy and numb-
ness (including corneal hypoesthesia). In that 
case, we suggest fully dissecting to mobilize the 
artery or vein, followed by wrapping with tiny 
Tefl on wadding (Zheng et al.  2012 ).   

6.10     Closure  

 At the end of the operation, the surgical fi eld 
should be well irrigated with 37 °C normal saline 
to vent air as well as to assure that there is no 
bleeding. Meanwhile, attention should be paid to 
make sure the implanted Tefl on is stable under 
the fl ow of CSF. Before dural closure, it is sug-
gested to place a piece of wet Gelfoam over the 
cerebellum, which prevents not only epidural 
hemorrhage from fl owing into the subdural space 

but also accidental injury to the brain tissue while 
suturing. In order to prevent CSF leakage, the 
dura should be closed tightly. The surgeon should 
begin the stitch process from the lowest level to 
prevent blood infl ow from outside. Sometimes, it 
is diffi cult to complete a watertight closure due to 
dura defect. In that case, a muscle patch can be 
used to repair the defect (Fig.  6.8 ). Then, the dura 
is sealed with glue and covered by an artifi cial 
dura plus bone chips to reconstruct the normal 
anatomy. Finally, the muscles, subcutaneous tis-
sues, and the scalp are sutured layer by layer, and 
no drainage is required.
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    Abstract  

  Microvascular decompression (MVD) has been accepted as the most 
effective treatment for hemifacial spasm (HFS). Many surgeons from 
 different countries and areas have concentrated on this procedure, aiming 
to increase the cure rate and lower the risks. In this chapter we introduced 
our viewpoints on MVD surgery, based on our experience from about 
1200 MVD surgeries each year. We discussed the whole course of man-
agement, from diagnosis to patient selection, from anesthesia to surgical 
procedure, and from preoperative evaluation to postoperative manage-
ment. We put our emphasis on the techniques of MVD, in which part we 
discussed the approaches, exploration range, and decompression method. 
We described some challenging situations, such as large sclerosed verte-
bral artery, degeneration of facial nerve, offending vessels between facial 
nerve and acoustic nerve, as well as offending vessels going through the 
fi bers of facial nerve. We also discussed some special cases, including 
persistent AMR waves, no vascular compression found, and dual side 
HFS. We developed a new criterion for ending an MVD surgery. We hope 
our experiences would be helpful for surgeons who are specialized in cra-
nial nerve surgeries.  

  Keywords  

  Microvascular decompression (MVD)   •   Hemifacial spasm (HFS)   • 
  Diagnosis   •   Surgical treatment   •   Complication  

7.1         Diagnosis and Differential 
Diagnosis of HFS 

 Hemifacial spasm (HFS) refers to recurrent 
paroxysmal, involuntary twitching of the facial 
muscles (orbicularis oculi muscle, expression 
of muscle, orbicularis oris) on one side or both. 
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It usually aggravates when the patient is 
 emotional or  nervous. Severe HFS even leads to 
diffi culties in eye opening, mouth askew, and 
twitching-like noise in the ear. HFS can be clas-
sifi ed into two groups: typical and atypical. 
Typical HFS means the symptom begins at the 
eyelid and spreads to the lower part of the face. 
Atypical HFS means the spasm starts at the 
lower part of the face and spreads upward to the 
eyelid and frontal muscle. Atypical HFS is rela-
tively rare, while most are typical. HFS occurs 
mostly in elder patients, with females more 
than males. However, the ages tend to be 
younger and younger. Although in most patients 
HFS occurs on one side, bilateral HFS is not 
rare. 

7.1.1     Diagnosis of HFS 

 The diagnosis of HFS relies mostly on its char-
acteristic manifestations. When the manifesta-
tions are not typical, examinations may help, 
including electrophysiological examinations, 
radiology, and carbamazepine trial treatment. 
Electrophysiologic examinations include elec-
tromyography (EMG) and abnormal muscle 
response (AMR) (also known as lateral spread 
response, LSR). EMG can show a high-fre-
quency spontaneous potential (the frequency can 
be as high as 150 Hz). AMR is a HFS-specifi c 
reaction. Positive AMR supports the diagno-
sis of HFS. Radiology includes CT and MRI, 
which can reveal possible intracranial mass 
lesions. 3D-TOF-MRA is helpful to show the 
vascular distributions around the facial nerve. 
HFS patients are generally responsive to carba-
mazepine therapy at the beginning of the disease 
(some few patients are not), so the trial can help 
diagnose.  

7.1.2     Differential Diagnosis of HFS 

 HFS needs to be differentiated from bilateral 
blepharospasm, major syndrome, masseter 
spasm, sequelae of facial paralysis, and other 
facial dystonia diseases. 

7.1.2.1     Bilateral Blepharospasm 
 Patients usually present with bilateral recurrent 
involuntary eye closing and tear reduction. At 
onset, symptoms often occur simultaneously on 
both sides. Patients may have diffi culty in open-
ing eyes with the progress of the disease, but 
symptoms are always limited to bilateral eyelids 
as time goes.  

7.1.2.2     Major Syndrome 
 Patients often present with bilateral recurrent 
involuntary eye closing at onset. But as time goes, 
involuntary muscle twitching occurs below the eye 
fi ssure, showing bilateral abnormal involuntary 
facial movements. As the condition deteriorates, 
muscle spasms gradually expand, even involving 
the neck and the muscles of the limbs and trunk.  

7.1.2.3     Masseter Spasm 
 Patients present with unilateral or bilateral masti-
catory muscle spasm. Varying degrees of man-
dibular occlusal disorders and teeth and mouth 
opening problems may occur. The motor branch 
of trigeminal nerve is likely the cause.  

7.1.2.4     Sequelae of Facial Paralysis 
 Patients present with paralysis of the ipsilateral 
facial muscle, ipsilateral mouth twitching, and 
synkinetic movement of the mouth and eyelid. It 
can be diagnosed according to the exact history 
of facial paralysis.    

7.2     Indications 
and Contraindications 
of MVD 

7.2.1     Indications of MVD 

 MVD is suggested for all HFS patients once 
diagnosed. As not all HFS patients are primary 
HFS, CT/MRI is essential to exclude secondary 
HFS. Diagnosis of primary HFS is the essential 
requirement for MVD. As the rate of progress of 
hemifacial spasm varies, and oral carbamazepine 
may be effective in most patients at early stage or 
with mild symptoms, MVD for primary HFS is 
indicated for the following conditions: (1) 
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Symptoms are severe and affect daily life and 
work, and the patient has a strong willingness for 
surgery. (2) The patient has tried medicine ther-
apy or botulinum toxin treatment, but the result is 
poor or invalid, or there are drug allergies or 
severe side effects. (3) Recurrence after an MVD 
surgery. (4) The fi rst MVD is invalid and it is 
believed that the decompression was inadequate. 
AMR remains positive. (5) Symptoms do not 
relieve or even deteriorate during follow-up.  

7.2.2     Contraindications of MVD 

 MVD requires general anesthesia, so if the patient 
cannot tolerate general anesthesia, MVD is con-
traindicated, such as suffering from serious blood 
disorders or signifi cant organ dysfunction (heart, 
lung, kidney, or liver). For vascular decompres-
sion surgery itself, there is no limit of age, but 
literatures suggest that in patients over 70 years 
old, complications of MVD is relatively high, and 
choosing MVD should be made with caution.   

7.3     Preoperative Evaluation 
and Preparation 

7.3.1     Evaluation of General 
Conditions 

 General physical condition assessment includes 
routine preoperative chest X-ray examination, 
ECG, blood coagulation, and liver and kidney 

function. In addition, the patient’s blood pres-
sure, blood sugar, and the potential risk of stroke 
should be assessed. Adjust blood pressure and 
blood sugar to normal range before surgery. 
Preoperative assessment of facial nerve function 
and hearing must also be done. For patients who 
have hearing impairments, the auditory pathways 
should be examined to exclude diseases of exter-
nal auditory canal, middle ear, and inner ear. 
ENT doctors should be consulted when neces-
sary. For patients who have loss of hearing on the 
contralateral side, preoperative assessment of 
hearing on the surgical side is even more 
important.  

7.3.2     Imaging Evaluation 

 All patients with HFS must receive radiographic 
assessment before MVD. The best choice is mag-
netic resonance imaging (MRI). For patients who 
cannot take magnetic resonance imaging, a head 
CT scan should be performed. The purpose of 
MRI is to exclude intracranial lesions, such as 
tumors, cavernous hemangioma, cerebral arterio-
venous malformation (AVM), posterior circula-
tion aneurysms, cysts, and skull deformities. 
MRI examination is also valuable to show the 
presence of vascular contact to the facial nerve. It 
can even show the vessel’s category, thickness, 
and extent of oppression to the facial nerve 
(Fig.  7.1 ). Especially, the three-dimensional time 
of fl ight magnetic resonance angiography 
(3D-TOF-MRA) has become a routine examina-
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  Fig. 7.1    MRI shows the vertebral artery shifts to the left side and compresses the facial nerve (The label “47th Vent.” 
should be “4th Vent.” in the schematic picture)       
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tion before MVD. 3D-TOF-MRA-based MRI 
imaging technology has been able to show the 
presence of all vascular contact to the facial nerve 
from 360° (picture). But it must be pointed out 
that the vessels MRI shows are not necessarily 
the real offending vessels. Meanwhile, a negative 
result of 3D-TOF-MRA does not necessarily 
mean that MVD surgery is contraindicated. 
However, the decision of performing MVD needs 
to be more careful. Therefore, it is necessary to 
check again whether the diagnosis of HFS is 
exact, and electrophysiological assessment 
should be referred when necessary.

7.3.3        Preoperative 
Electrophysiological 
Evaluation 

 Preoperative electrophysiological evaluation 
helps differential diagnosis of HFS and objective 
assessment of the level of facial nerve and 
vestibular- cochlear nerve function. It is strongly 
suggested when available. Electrophysiological 
assessment includes AMR (LSR), EMG, and 
brainstem acoustic evoked potential (BAEP). 
AMR is specifi c to HFS. Its usual latency is gen-
erally about 10 ms. It has supplementary value for 
the diagnosis of HFS. It has special signifi cance 
for patients who have recurrent HFS or prepare to 
receive reoperation after the fi rst MVD is invalid. 
AMR recording is achieved from the mentalis 
muscle by electrically stimulating the temporal 
branch of the facial nerve or from the orbicularis 
oculi muscles by stimulating the  marginal man-
dibular branch. Electrical stimulation consists of 
square-wave pulses. The duration is 0.2 ms, the 
frequency is 0.5–1.0 Hz, and the intensity level is 
5–20 mA. Preoperative positive AMR often 
prompts signifi cant value of AMR during the 
operation. Disappearance of AMR after decom-
pression indicates good results. Conversely, if 
preoperative AMR is negative, choosing MVD 
should be particularly cautious. In such case, the 
surgeon’s experience may be an important factor 
which determines the effi cacy of surgery. 

 Preoperative EMG examination is mainly 
used to evaluate the functional status of the facial 
nerve and help diagnosis. Concentric needle elec-
trode is generally inserted into the frontal muscle, 
orbicularis oculi, and orbicularis oris to record 
changes in motor units. In HFS patients a parox-
ysmal high-frequency spontaneous potential (up 
to 150 times per second maximum) can be 
recorded. 

 Preoperative BAEP refl ects the function of 
the whole acoustic pathway. I, III, and V are 
the main waves. A prolonged latency implies 
disturbance of neural conduction. Since each 
wave has its specifi c origin, it is valuable 
in localization diagnosis. When combined with 
pure tone audiometry, it can comprehensively 
evaluate the function of the vestibular-cochlear 
nerve.  

7.3.4     Preparation of Anesthesia 

 The anesthetist must know the patient’s respira-
tory and surgical history and the allergic history 
to anesthetic drugs. To prevent interfering with 
intraoperative electrophysiological monitoring, 
the anesthesia plan should be optimized, espe-
cially on the choice of muscle relaxants, the time 
of use, and amount used.   

7.4     Techniques of MVD 

7.4.1     Position 

 Select appropriate surgical position according to 
the surgeon’s preference. Usually select lateral 
position with head fi xed by frame. Head is up 
15–20° and fl exed. The chin is about two fi ngers 
from the sternum. The upper shoulder is pulled to 
the caudal end with a strap to keep the head 
hyperextended while avoiding excessive traction- 
induced brachial plexus injury. The mastoid root 
should be at the highest point. In case the head 
frame is not available, a ring pillow can be used 
to fi x the head.  
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7.4.2     Methods of Monitoring 

 Electrophysiological monitoring plays a very 
important role in the operations on cranial 
nerves. It not only makes the surgeries safer, 
but also makes the surgeries more effective. 
Electrophysiological monitoring mentioned here 
refers to monitoring of the brainstem and cranial 
nerves. Specifi c methods include SEP, BAEP, 
EMG, AMR, LSR, and ZLR. 

 Surgeries of different cranial nerve diseases 
have their specifi c methods of monitoring. For 
instance, in a MVD surgery for HFS, SEP, BAEP, 
and EMG of the facial nerve and abduction nerve, 
AMR and ZLR should be applied simultane-
ously, while for TN, SEP, BAEP, and EMG of 
oculomotor nerve and trochlear nerve, BTEP of 
the trigeminal nerve should be conducted. 
Brachial plexus may be injured by excessive trac-
tion on the operated side, so it is routinely moni-
tored during all MVD surgeries. We would like to 
point out that the value of monitoring requires 
that the monitoring physician closely observe 
and identify various types of waves and keep in 
close coordination with the surgeon. Usually it is 
considered a sign of nerve injury when the ampli-
tude decreased more than 20 % or more than 
1 ms in latency. Otherwise, changes within this 
range can fully recover in most cases. The con-
sultation and cooperation of the monitoring phy-
sician and the surgeon is important.  

7.4.3     Anesthesia 

 Intravenous anesthesia with endotracheal intuba-
tion is the most commonly used method. Except 
for the induction phase of anesthesia, muscle 
relaxant drugs are restricted so as not to interfere 
with neurophysiological monitoring. During the 
surgery, the amount of infusion should be strictly 
controlled, and the carbon dioxide partial pres-
sure should be around 26 mmHg. When the cere-
brospinal fl uid fl uctuates signifi cantly and affects 
surgical manipulation, ß-blockers may help. 
Usually Exelon 20–40 mg is given intravenously. 

At the same time observe changes in heart rate 
and blood pressure.  

7.4.4     Incision 

 There are no stringent requirements for the scalp 
incision in MVD surgeries for HFS. For aesthetic 
purpose, oblique incision in the hairline or trans-
verse incision behind the ear is usually used. The 
incision is 4–6 cm long, with the middle point at 
1 cm below the mastoid root. With a burr,  rongeur, 
or milling drill, a craniectomy of about 2.5 cm in 
diameter is made. When making the craniectomy, 
the mastoid air cell should be closely sealed to 
prevent fl uid and blood from fl owing in which 
affects hearing. It is unnecessary to expose trans-
verse sinus or its junction with sigmoid sinus, but 
the bone window must be low enough, and the 
sigmoid sinus must be visualized from the outer 
edge of the bone window. There are many ways 
to cut the dura, including semicircular, triangular, 
cross, T-shaped, etc. The purpose is to facilitate 
the surgical procedure and reduce stretch of the 
brain tissue. We recommend a V-shape incision 
with the base adjacent to the sigmoid sinus 
(Fig.  7.2 ). This incision not only exposes the area 
between the auditory nerve and vagus nerve, but 
also facilitates exposing the zone 1–4 of the facial 
nerve from the caudal end to the rostral end. In 
this way, traction of the nerve is minimized. At 
the end of surgery, dural closure is convenient, 
and the incidence of cerebrospinal fl uid leakage 
is low.

7.4.5        Approaches 

 There are two approaches of MVD for HFS: the 
lateral cerebellum approach and the lateral retro- 
cerebellum approach. In the lateral cerebellum 
approach, after opening the dura, the cerebellar 
hemispheres are pulled inward directly to expose 
the facial and acoustic nerve. The arachnoid is 
dissected further to reveal zone 2 and the sur-
rounding blood vessels, and then decompres-
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sion is executed (Fig.  7.3 ). The advantage of this 
 surgical approach is to expose the facial-auditory 
nerve directly so as to expose zone 2 and the 
surrounding blood vessels. When the offend-
ing vessels are located in zone 2, this approach 
can shorten the operation time. However, this 

approach also has obvious shortcomings. It 
often requires excessive traction of the cer-
ebellar hemisphere. Because the arachnoid has 
not been dissected, this stretch may injure the 
 vestibular-cochlear nerve, glossopharyngeal 
nerve, and vagus nerve. It can also lead to cer-
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  Fig. 7.3    Intraoperative images of lateral cerebellum approach ( a ,  c ) before implanting tefl on; ( b ,  d ) after implanting 
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ebellar contusion. In case there are petrous veins 
on the dorsal side of the vagus nerve, it may lead 
to venous bleeding and even petrous vein tear. 
In addition, although this approach can expose 
zone 2, it is diffi cult to expose zone 1, 3, and 4. 
In case the offending vessels are located between 
the facial nerve and the acoustic nerve, vascular 
decompression will be very diffi cult. So this sur-
gical approach is now rarely used.

   Currently we recommend lateral retro- 
cerebellum approach (Zhong et al.  2010 ,  2014 ; 
Zhu et al.  2012a ; Liang et al.  2012 ; Li et al.  2010 , 
 2013a ) (Fig.  7.4 ). The key of this approach is 
that, after dura opening, the cerebellum is pulled 
forward and medially, so as to expose the arach-
noid at the bottom of the cerebello-medullar fi s-
sure. The arachnoid is fi rst opened with a pointed 
blade, which allows slow release of cerebrospinal 
fl uid. Then separate the arachnoid from the cau-
dal end to the rostral end with spring scissors 
until the vagus nerve, glossopharyngeal nerve, 
and vestibular-cochlear nerve are completely 
released. In some patients there are petrous vein 
going on the dorsal side of vagal nerve. We sug-
gest that this vein cannot be coagulated or cut. 
We recommend preserving this vein by carefully 
separating the adhesions surrounding the petrous 
vein. In case the AICA or PICA goes on the dor-

sal side of the vagal nerve, use the same method 
to preserve the arteries.

   In some patients, the fl occulus cerebelli is 
abnormally hypertrophied. In such case, it is very 
diffi cult to expose the whole facial nerve only by 
dissection of the arachnoid. Excessive traction of 
the fl occulus cerebelli is not recommended. 
Instead, we suggest resection of the fl occulus cer-
ebelli. Then, we can easily expose the facial 
nerve and the offending vessels, and perform 
MVD safely.  

7.4.6     Exploration Range 

 The success of MVD for HFS relies on identify-
ing all the offending vessels and full decompres-
sion. Therefore, we need to know common 
offending vessels and their distribution. Our 
experiences show that the offending vessel can be 
a big artery like the vertebral artery or small ves-
sels like the perforating arteries. It can be a com-
mon artery, or vein, or mixed compression 
consisting of arteries and veins. In fact, multiple 
vascular compressions are very common. 

 Common offending vessels include AICA, 
PICA, vertebral artery, and perforating artery 
(Zhu et al.  2012b ; Feng et al.  2011 ; Zheng et al. 
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 2011 ; Dou et al.  2014 ). It has been reported that 
in more than 50 % of patients, bilateral vertebral 
arteries shift to the affected side (Wang et al. 
 2014 ; Zhong et al.  2011a ). The contact point of 
compression varies among different patients. It is 
reported that the contact point can be distributed 
in the full length of the facial nerve, from the 
pontine-medullar sulcus to the inner ear meatus. 
That is to say, there may be offending vessels on 
any part of the facial nerve. 

 In order to guide surgical manipulation and 
avoid omissions of offending vessels, we suggest 
that the facial nerve be divided into 4 zones (Li 
et al.  2013b ; Zhong et al.  2011b ) (Fig.  7.5 ). Zone 
1, also known as REZ, is where the nerve emerges 
to the brainstem surface from the parenchyma 
and goes through the pontomedullary sulcus; 
zone 2 is where the root attaches to the surface of 
the pons; zone 3, the shortest segment among the 
four zones, is where the nerve gradually transits 
to the subarachnoidal segment; and zone 4, the 
longest segment, is where the nerve fi brins sepa-
rate from the brainstem and extend to the internal 
meatus.

   It is reported that the location of the offending 
vessels are as follows: 15 % in zone 1, 36 % in 
zone 2, 37 % in zone 3, and 12 % in zone 4 (Li 
et al.  2013b ; Zhong et al.  2011b ). We have simi-
lar fi ndings in our clinical practice. Therefore, 
zone 4 must be inspected thoroughly during 
MVD for HFS. By this way we are able to fi nd all 
vessels that are in contact with the facial nerve 
and then separate and properly fi x them and 

ensure that all existing and potential vascular 
compression are entirely treated.  

7.4.7     Decompression Method 

 Because vascular compression is the main cause 
of HFS, anatomical contact of blood vessels with 
facial nerve is a necessary condition for the 
occurrence of hemifacial spasm. Therefore, the 
core mission of MVD is to separate the offending 
vessels from the facial nerve and then properly 
remove and fi x the vessels to avoid recurrence. 
Various decompression methods can be selected 
according to the thickness, elasticity, tortuosity, 
and length of the offending vessels. 

 There are three most commonly used decom-
pression methods: isolation, suspension, and bio-
logical glue adhesion. The so-called isolation is 
to separate the offending vessels from the facial 
nerve and then implant Tefl on cotton in between 
to ensure the vessels are no longer touching the 
facial nerve (Zhong et al.  2012 ,  2014 ). It is cur-
rently the most commonly used method. The 
advantage of this method includes simplicity of 
manipulation, high effectiveness and univeral 
applicability. However, its biggest drawback is 
that implanted Tefl on cotton may adhere to the 
vessels and facial nerve, which is the leading 
cause of recurrence (Kureshi and Wilkins  1998 ; 
Payner and Tew  1996 ). 

 The so-called suspension is to separate the 
offending vessels from the facial nerve and then 
use muscle, fascia, or artifi cial straps to wrap 
around the offending vessels and fi x them to the 
sidewall of the posterior fossa or tentorium 
(Swiątnicki et al.  2014 ; Khoo et al.  2012 ). In this 
type of method, Tefl on cotton is not required. 
Therefore, the biggest advantage of this type of 
method is that it is suitable for long and tortuous 
offending vessels, and perineural adhesions do 
not occur, which makes reoperation relatively 
easy. But this method has its drawbacks, which is 
that the surgical procedure is very diffi cult and 
the surgical risk is signifi cantly increased. Most 
clinicians are reluctant to use this method. 

 Similarly, biological glue adhesion method is 
to separate the offending vessels from the facial 

  Fig. 7.5    Zone 1-4 of facial nerve       
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nerve and stick the vessels to the sidewall of the 
posterior fossa or tentorium with biological glue 
(Kurokawa et al.  2004 ; Ichikawa et al.  2011 ). 
There is no Tefl on cotton implanted between the 
facial nerve and the vessels. Biological glue adhe-
sion method is mainly used for long and tortuous 
vessels, as well as complementary measures for 
thick vessels. The advantage of this method is 
similar to suspension, but the drawback is that 
reoperation will be very diffi cult due to glue-
induced adhesion. In addition, in some patients, 
the glue may be unstable and lead to recurrence, 
and the glue itself can cause cranial nerve inju-
ries. In fact, similar to a suspension, glue adhe-
sion method is rarely used in clinical practice. 

 Although MVD may be simple in typical 
cases, it can be extremely diffi cult in complicated 
cases, such as compression of large vessels, facial 
nerve degeneration, offending vessels in between 
the facial nerve and acoustic nerve, offending 
vessels going through the fi bers of facial nerve, 
persistent AMR waves, as well as no vascular 
compression found. We would like to brief the 
principles according to our clinical experience. 

7.4.7.1     Large Sclerosed Vertebral Artery 
 In case the vertebral artery directly or indirectly 
acts as an offending vessel, the posterior fossa is 
usually small and the cerebellar-medullary cis-
tern is narrow, which makes either separation or 
displacement of vertebral artery very diffi cult. If 
Tefl on cotton is forcedly inserted in between the 
vertebral artery and the facial nerve, it will only 
increase compression and does not help to 
achieve satisfactory results. In this case, it is dif-
fi cult to decompress the facial nerve even if using 
the method of suspension or biological glue 
adhesion (Suzuki et al.  1990 ; Mikami et al. 
 2013 ). For such cases, we suggest to open the 
lower part of the cerebellar-medullary cistern, 
pull the vertebral artery caudally, and then 
implant Tefl on cotton in between the vertebral 
artery and the medulla from the caudal side to the 
rostral side. By this way, we can remove the ver-
tebral artery from the surface of the facial nerve, 
which creates conditions for implanting Tefl on 
cotton in between the vertebral artery and the 
facial nerve (Wang et al.  2014 ; Zhong et al. 
 2011a ) (Fig.  7.6 ).
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7.4.7.2        Degeneration of Facial Nerve 
 In some patients, severe compression may cause 
obvious pressure traces on facial nerves (Fig.  7.7 ). 
Other signs include thinning, pigmentation, and 
nerve fi ber degeneration. It may be easy to sepa-
rate the offending vessels from the facial nerve. 
However, if Tefl on is simply inserted in between 
the facial nerve and the vessels, it will probably 
produce severe adhesion, which is a common 
cause of recurrence. In addition, it will also affect 
the functional recovery of facial nerve. For this 
case, we suggest to place some gelatin sponge 
between the Tefl on cotton and facial nerve. It 
may well solve the above problems.

7.4.7.3        Offending Vessels 
between Facial Nerve  
and Acoustic Nerve  

 In about 8 % of HFS patients, AICA between 
facial nerve and acoustic nerve acts as offending 
vessels of HFS. In such case, neither is the AICA 
possible to remove, nor is there enough space for 

decompression. MVD is therefore very diffi cult. 
Currently, we suggest to use “sandwich” decom-
pression (Fig.  7.8 ). First, separate AICA safely 
from the facial nerve and vestibular nerve on 
each side. Then, implant the right amount of 
Tefl on in between AICA and facial nerve, as well 
as AICA and vestibular nerve. Finally, implant 
the right amount of gelatin sponge in between 
Tefl on and both nerves. By this method, we can-
not only achieve effective separation, but also 
avoid adhesion between Tefl on cotton and nerves.

7.4.7.4        Offending Vessels Going 
through the Fibers of the Facial 
Nerve (Fig.  7.9 ) 

    It is rare that offending vessels go through the 
fi bers of facial nerve. In such cases, decompres-
sion is very diffi cult, mainly due to confl icts of 
protecting facial nerve from injury and full 
decompression. We also suggest “sandwich” 
decompression method. Since the gap between 
the two bundles of the facial nerve fi bers is much 
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smaller than the gap between the facial nerve and 
vestibular nerve, separation and decompression 
should be done carefully. First, you need to shift 
the offending vessels to one side and then expand 
the gap by blunt dissection. It is best to implant a 
small amount of Tefl on and gelatin sponge to 
complete the procedure.  

7.4.7.5     Persistent AMR Waves 
 AMR wave is specifi c to typical hemifacial spasm. 
Positive AMR often prompted the  existence 
of offending vessels, and AMR disappearance 

 indicates suffi cient decompression. However, the 
biggest drawback of AMR monitoring is that it 
is not stable enough and easily affected by many 
factors, which in turn undermines its value. 

 In some patients, AMR waves persist no mat-
ter what steps are taken. In such cases, it is diffi -
cult for the surgeon to decide whether to end the 
surgery or continue the investigation. We believe 
that if the monitoring electrodes are in correct 
position, persistent AMR usually implies the real 
offending vessels have not been found or the 
decompression is insuffi cient. Therefore, we 
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 suggest a multiple monitoring method consisting 
of AMR, ZLR, and EMG. By this way, the 
 surgeon can often fi nd small vessels which were 
missed. After separation and decompression, 
AMR will disappear and the patient may get 
good results. In a words, we don’t suggest to end 
an MVD surgery when AMR wave persists (Ying 
et al.  2011 ; Yang et al.  2014 ; Zheng et al.  2012 ).  

7.4.7.6     No Vascular 
Compression Found  

 If no obvious vascular compression is found, the 
surgeon should fi rst review the diagnosis of HFS 
and then comprehensively judge from the results 
of preoperative MRTA and intraoperative electro-
physiological monitoring. The fi rst possibility is 
that in the process of arachnoid dissection, the 
original offending vessels are removed from the 
facial nerve; a second possibility is that the thick-
ened arachnoid itself is the cause of HFS. A third 
possibility is that the offending vessels are small 
perforating arteries, which require using ZLR 
monitoring to identify and judge. It should be 
noted that in these cases, the surgeon must not 
rashly judge that vascular compression does not 
exist. Instead, the surgeon should judge these 
various possibilities and take appropriate mea-
sures to ensure the effectiveness of operation.  

7.4.7.7     Dual Side HFS 
 We suggest operating on the severer side fi rst and 
then, according to the degree of relief and the 
patient’s general conditions, operating on the 
other side at proper time. It is not recommended 
to perform bilateral MVD surgeries at one time. 
However, the time interval between the two oper-
ations is not particularly defi ned.   

7.4.8     Assessment of MVD Progress 

 Accurately assessing the progress of MVD is the 
key to ensure full decompression and complete 
remission of symptoms and reduce unneces-
sary manipulation and surgical complications. 
According to the principles of evidence-based 

medicine, there are three classes of evidence for 
determining the endpoint of MVD surgery: full-
length evidence, vessel evidence, and electro-
physiological evidence (Sun et al.  2014 ). 

 Full-length evidence means the full length of 
the facial nerve (zone 1–4) has been examined 
under microscope and confi rmed to be clear of 
offending vessels. Full-length evidence is the 
basic requirement for MVD (Zhong et al.  2014 ). 
Vessel evidence means all the vessels that have 
anatomical contact with facial nerve have been 
suffi ciently dealt with (removed and decom-
pressed). All offending vessels and potential 
offending vessels must be removed and decom-
pressed to ensure no recurrence (Zhu et al. 
 2012a ). Electrophysiological evidence means 
AMR and ZLR, which exist before decompres-
sion, have completely disappeared. MVD can be 
ended only after AMR and ZLR completely dis-
appeared (Liang et al.  2012 ). 

 These principles must be adhered to in all 
MVD for HFS patients. When full-length evi-
dence, vessel evidence, and electrophysiological 
evidence all prompt suffi cient decompression, 
satisfactory clinical results are expected. But 
surgeons may sometimes fi nd that while full-
length evidence and vessel evidence both 
suggest suffi cient decompression, electrophysi-
ological evidence does not. AMR waves persis-
tently exist. In such situation, do not doubt the 
reliability of AMR, but double check the reli-
ability of full- length evidence and vessel evi-
dence, because the probability of AMR false 
positive is very low.  

7.4.9     Closure 

 Use warm saline to rinse the surgical fi eld thor-
oughly to make sure there is no bleeding before 
closure. The dura should be sutured tightly. Inject 
warm saline repeatedly to exhaust gases before 
closing the dura. Use artifi cial dura and biologi-
cal glue when necessary. Use the original bone 
fl ap, artifi cial skull, or metal plate to repair skull 
defects. Close the wound layer by layer.  
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7.4.10     Evaluation of Outcome 

 The results of evaluation are closely related to 
time of follow-up because there are delay remis-
sions and recurrences. So time must be indicated 
when evaluating the outcome. 

 The outcome is defi ned as four grades (Zhong 
et al.  2010 ,  2014 ; Li et al.  2010 ). (1) Excellent 
means symptoms of HFS totally disappear, and 
the patients are subjectively very satisfi ed with 
no auxiliary drug needed. (2) Good means symp-
toms disappear, but will occasionally reappear 
when the patient is agitated or under stress or 
making certain facial movements. The patients 
are subjectively satisfi ed with no auxiliary drug 
needed. The above two grades are “effective.” (3) 
Fair, or partial remission, means symptoms are 
partly relieved, but still frequent. The patients are 
not satisfi ed and need auxiliary drugs. (4) Poor, 
or invalid, means symptoms remain unchanged 
or even become worse. For patients with invalid 
results or partial remission, we suggest repeating 
AMR examination. If AMR is positive, a repeat 
surgery at early stage is recommended. Otherwise, 
we suggest follow-up, supplementary drugs, or 
Botox treatment.  

7.4.11     Postoperative Management 

 Postoperatively, it is required to observe vital 
signs, consciousness, facial paralysis, hoarse-
ness, cough, and vomiting. Head CT is routinely 
carried out within 24 h. In case of postoperative 
intracranial hypotension, put the patient in 
supine and head low-foot high position. When 
nausea and vomiting occurs, rotate the head to 
one side to avoid aspiration, and give symptom-
atic treatment. If the patient has postoperative 
facial paralysis, the cornea and oral care should 
be paid attention to. We suggest giving 
 hormones, neurotrophic drugs, and microcircu-
lation drugs, providing functional exercise, 
and keeping the patient warm. In case of drink-
ing and swallowing dysfunction, aspiration 
 pneumonitis should be avoided. If there is cere-

brospinal fl uid leak, the patient should take 
supine position with head up 30 °. Auristilla, 
blockage or fl ushing of the nasal and ear canal is 
strictly forbidden. Find out the cause and take 
proper measures.  

7.4.12     Prevention of Complications 

 Common complications of MVD include cranial 
nerve dysfunction, cerebellum and brain stem 
injury, cerebrospinal fl uid leakage, and intracra-
nial hypotension syndrome. 

7.4.12.1     Cranial Nerve Dysfunction 
 Cranial nerve dysfunction mainly includes facial 
paralysis, tinnitus, and hearing loss. In a minor-
ity of patients, there can be facial numbness, 
hoarseness, choking, and diplopia. Cranial nerve 
dysfunction is divided into two classes, acute 
and delayed. Acute dysfunction means it occurs 
within 3 days postoperatively, while delayed 
dysfunction means it occurs 3 days after surgery. 
Most delayed cranial nerve dysfunction occurred 
within 30 days after surgery. For example, more 
than 90 % of delayed facial paralysis occurs in 1 
month after surgery. It may be related to opera-
tive procedure or postoperative virus infection. 
Therefore, we suggest that patients should keep 
warm within a month to reduce the risk of 
delayed facial paralysis. Once it occurs, use hor-
mone therapy, antiviral drugs, and complimen-
tary neurotrophic drugs (Lee et al.  2015 ; 
Ying et al.  2014 ). 

 Note that the following measures can effec-
tively reduce the incidence of cranial nerve dys-
function. Avoid coagulating perforating vessels 
on the surface of cranial nerves or surrounding 
cranial nerves; avoid over-stretching cranial 
nerves; minimize direct stimulation of the cranial 
nerves to avoid feeding vessels spasm; fully dis-
sect arachnoid around cranial nerves; routinely 
perform intraoperative electrophysiological mon-
itoring; and use vasodilator drugs, hormones, and 
neurotrophic drugs from the day of surgery 
(Zhong et al.  2012 ,  2014 ).  
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7.4.12.2     Injuries of the Cerebellum 
and Brainstem 

 MVD for hemifacial spasm has 0.1 % mortality, 
which is mainly due to injuries of cerebellum and 
brain stem, including infarct and hemorrhage 
(Sandel and Eide  2013 ). The key to avoid injuries 
is to reduce time and strength of stretch. Use 
mannitol 30 min before surgery starts to reduce 
intracranial pressure. Use hyperventilation. Make 
the bone window close to the sigmoid sinus. 
Avoid using brain plate. Slowly drain CSF from 
the cerebellopontine cistern before exploring 
CPA. Avoid coagulation of vessels on the surface 
of the cerebellum and brainstem. 

 Postoperatively, 24 h continuous monitoring 
of blood pressure, pulse, respiration, and blood 
oxygen saturation is conducted using multipa-
rameter ECG monitor. Observe consciousness 
and pupillary changes closely. In the following 
situations, infarction, swelling, or bleeding in the 
cerebellum or brainstem should be considered: 
sudden increase of blood pressure accompanied 
by pulse slowing down and unconsciousness, 
slow and deep breathing or even arrest, decreased 
oxygen saturation, dilated pupils, and light refl ex 
diminished or disappearing. An emergent head 
CT scan should be performed. According to the 
result, measures include suboccipital decompres-
sion craniectomy or ventricular drainage.  

7.4.12.3     CSF Leakage 
 CSF leakage occurs mainly because the mastoid 
air cells are not tightly sealed or the dura is not 
tightly sutured during closure (Miller and Miller 
 2012 ; Hyun et al.  2010 ). Therefore, the key to 
prevent cerebrospinal fl uid leakage is to 
 standardize surgical manipulations, including 
using bone wax to seal mastoid air cells and 
suturing the dura tightly. The dura may be 
repaired using muscle fascia when it cannot be 
tightly sutured. Meanwhile, use biological glue 
to paste a piece of artifi cial dura to the dura mater. 
Suture the incision in four layers, the muscles, 
fascia, subcutaneous tissue, and the skin, and 
avoid leaving dead space in between. 

 In case of cerebrospinal fl uid rhinorrhea, ask 
the patient to keep supine without using pillow, 
keep the nose clean, and not to dig or block nose. 

Observe body temperature changes, and use 
 antibiotics to prevent infection. Prevent constipa-
tion, coughing, and hard-stool-induced increased 
intracranial pressure. Use dehydrating agent or 
lumbar drainage to reduce intracranial pressure 
when necessary. A repair surgery is indicated for 
persistent leakage and multiple recurrent leakage.  

7.4.12.4     Intracranial Hypotension 
Syndrome 

 Intracranial hypotension syndrome may be due to 
long time exposure of the surgical fi eld, loss of 
large amounts of cerebrospinal fl uid, reduced 
postoperative cerebrospinal fl uid secretion, as 
well as inadequate infusion. Common symptoms 
include headache, dizziness, nausea, and non-jet- 
like vomiting, accompanied by low blood pres-
sure and increased pulse rate. The symptoms can 
be alleviated by lowering the head position. 
Injecting saline to exhaust air before dura closure 
is important to prevent intracranial hypotension.       
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      Microvascular Decompression 
Surgery for Disabling Positional 
Vertigo and Tinnitus                     

     Aage     R.     Møller    

    Abstract  

  Disabling positional vertigo (DPV) and some forms of tinnitus can be treated 
successfully with microvascular decompression (MVD) of the root of the 
auditory-vestibular nerve. These two diseases have many different forms and 
the operation is more complex than MVD for trigeminal neuralgia or hemifa-
cial spasm. Success of DPV depends on correct selection of candidates for 
the treatments. In a study of 41 patients operated upon for severe DPV, 73.2 % 
were totally free of DPV symptoms or experienced signifi cant improvements 
that allowed them to return to nearly normal life, 4.9 % had minor relief of 
symptoms, and 22 % had no noticeable improvement. Other studies have 
shown that treatment with medications of the benzodiazepine family such as 
Valium is effective in some individuals who have DPV symptoms. 
  In a study of 72 patients who underwent MVD operations for severe 
tinnitus, 18.1 % had total relief from tinnitus, 22.2 % had marked improve-
ment, 11.1 % slight improvement, 45.8 % no improvement, and 2.8 % 
experienced a worsening of symptoms. 
  The success of MVD operations as treatment of severe tinnitus was inversely 
related to the time the patients had had their tinnitus. Those who experienced 
total relief or marked improvement had had their tinnitus for an average of 2.9 
and 2.7 years, respectively; those who showed slight or no improvement had 
prior experienced with tinnitus for 5.2 and 7.9 years, respectively. 
  There was a strong gender effect; of the 32 women in the study, 54.8 % 
experienced total relief or marked improvement, while of the 40 men, only 
29.3 % had favorable outcome. 
  Studies have shown that administration of benzodiazepines such as 
alprazolam can have benefi cial effect on some forms of tinnitus.  
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8.1         Introduction 

 Treatment of hemifacial spasm (HFS) using 
microvascular decompression (MVD) surgery 
was discussed in Chaps.   3    ,   7    , and   14    . In this 
chapter we will discuss two other diseases that 
can be treated in a similar way, namely, some 
forms of tinnitus and a vestibular disorder known 
as disabling positional vertigo (DPV) (Jannetta 
et al.  1984 ) (Møller  1987 ). 

 There are considerable differences between 
the diagnosis and treatment of diseases that are 
associated with the vestibulocochlear nerve 
(DPV and tinnitus). The selection of people who 
may benefi t from MVD operations is more com-
plex for patients with tinnitus and patients with 
DPV than what it is for people with HFS, trigem-
inal neuralgia (TGN), or glossopharyngeal neu-
ralgia (GPN).  

8.2     Disabling Positional Vertigo 

 Disabling positional vertigo (DPV) is a rare form 
of a balance disorder that is characterized by con-
stant positional vertigo and nausea (Møller et al. 
 1993b ; Jannetta et al.  1984 ). The symptoms of 
DPV are constant and people with DPV experi-
ence a state of nausea to a disabling degree. As 
symptoms become more intense with changes in 
head position, people with DPV are most comfort-
able lying in bed. In addition to abnormal vestibu-
lar test results, people with DPV also exhibit signs 
of functional changes in the cochlear nerve result-
ing in subtle but distinct changes in their auditory 
brain stem responses (ABR). There is a prolonged 
interval between peaks I and III (IPL I–III) and 
peak II is also abnormal (Møller et al.  1993b ). 

 MVD operations of the vestibular nerve are in 
use for treating DPV. Other treatments are medi-
cations with benzodiazepines such as diazepam 
(Valium) (Møller  1997 ). The results of MVD 

operations for DPV are similar to those of HFS 
and TGN (Møller et al.  1993b ). The operation is 
more diffi cult because of the risk of injuring the 
cochlear nerve. 

 Studies by De Ridder et al. ( 2002 ) produced 
evidence that vascular compression syndromes 
may arise from vascular contact along the entire 
CNS segment of the cranial nerves and not only 
at the root entry zones (Obersteiner-Redlich 
zone). De Ridder and Møller ( 2010 ) described 
the results of studies that showed the correlation 
between the length of the centrally myelinated 
(oligodendrocyte) portion of the vestibular nerve 
and the incidence of the microvascular compres-
sion syndrome. Furthermore, decompression of 
the CNS segment of the vestibular nerve is effec-
tive in eliminating DPV symptoms without 
decompression of the root entry zone. De Ridder 
and colleagues interpreted this to corroborate the 
hypothesis that close contact with a blood vessel 
anywhere along the entire length of the central 
portion of the vestibular nerve could be associ-
ated with symptoms.  

8.3     Tinnitus 

 Tinnitus is hearing meaningless sounds that are 
not caused by a physical sound reaching the ear. 
In addition to hearing annoying sounds, many 
people with tinnitus also experience suffering or 
distress that often is independent of the phantom 
sound of tinnitus. Severe chronic tinnitus has 
many similarities to what has been described for 
chronic neuropathic pain (Møller  2014b ). 

 Many different treatments have been studied 
but few have reached routine clinical use. The rea-
son for the inconsistent success in treatment of 
people with tinnitus is mainly of lack of under-
standing of the abnormal functions that generate 
the phantom sounds of tinnitus and their connec-
tion to distress and suffering. It was a major 
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 progress in understanding of the pathophysiology 
of tinnitus when it was discovered that chronic tin-
nitus is rarely caused by pathologies of the ear but 
rather often pathologies of the nervous system. 

 MVD operations directed to the cochlear- 
vestibular nerve are one form of treatment that is 
in use. However, tinnitus takes a plethora of 
forms (Møller  2010a ) and only a few people with 
a certain form of tinnitus benefi t from MVD 
operations on the cochlear nerve. The form of tin-
nitus that can be alleviated by MVD of the 
cochlear nerve is associated with ABR changes 
similar to those that occur in people with DPV 
(De Ridder et al.  2007 ; Møller et al.  1993a ). The 
success rate of MVD operations for tinnitus is 
considerably lower than those of HFS and TGN.  

8.4     Pathophysiology of DPV 

 The pathophysiology of DPV is unknown. The 
fact that the symptoms of DPV can be relieved by 
MVD suggests that there may be similarities 
between the pathology of DPV and those of the 
other disorders that can be cured effectively by 
MVD (HFS, TGN, and GPN). This means that it 
is likely that the anatomical location of the 
pathology is the brain and not the vestibular 
organ (inner ear). 

 It also seems likely that activation of neuro-
plasticity is involved in the creation of the symp-
toms of DPV similar to what is the case for, for 
example, chronic neuropathic pain and tinnitus 
(Møller  2014a ). 

 The fact that head movements trigger the 
symptoms indicates that they are evoked by sig-
nals from the vestibular organ in the ear. As such 
signals normally do not reach consciousness, it 
can be inferred that, in people with DPV, the sig-
nals from the balance organ are abnormally 
routed to reach regions of the brain that they do 
not typically reach. The feeling of vertigo and 
nausea indicates involvement of structures in the 
autonomic nervous system and possibly the 
insula. Such rerouting can occur because of 
unmasking of dormant synapses that connect 
axons from the vestibular nuclei to different 
regions of the brain (Møller  2014a ). 

 Dormant synapses may become unmasked by 
activation of neuroplasticity. Synapses that do not 
conduct because of insuffi cient input may also 
become activated if the excitatory input is 
increased or if inhibition is decreased. This 
means that the rerouting of information that 
causes the symptoms of DPV may be caused by 
hyperactivity at some level of the ascending ves-
tibular pathways. This hypothesis is supported by 
evidence that the symptoms of DPV can be less-
ened by administration of drugs of the benzodi-
azepine family, which are known to be GABA A  
receptor agonists and thereby enhancers of 
inhibition.  

8.5     Pathophysiology of Tinnitus 
That Can Be Treated 
Successfully with MVD 

 Little is known about the pathophysiology of those 
forms of tinnitus where the symptoms can be 
relieved by MVD of the cochlear nerve. In general, 
studies of patients who are undergoing MVD opera-
tions for tinnitus have shown that evoked potentials 
that are generated by the cochlear nerve, the nuclei, 
and the fi ber tracts of the ascending auditory path-
way of the brain stem in people with incapacitating 
tinnitus are not signifi cantly different from those 
that can be recorded from individuals with the same 
degree of hearing loss but no tinnitus (Møller et al. 
 1992a ). This suggests that severe tinnitus might be 
the result of abnormalities in more rostral brain 
structures. The abnormalities that occur in people 
with tinnitus may not be limited to structures that 
are normally associated with auditory functions, but 
many other structures may be involved (Schlee 
et al.  2009 ,  2010 ; Vanneste and De Ridder  2012 ). 

 That injury to the peripheral auditory system 
can result in hyperactive changes in more central 
auditory structures was demonstrated by Gerken 
et al. ( 1991 ). They found that overexposure to 
sound (noise impairment) affects the function of 
central structures in the ascending auditory path-
ways. Earlier, Syka and colleagues showed that 
noise-induced hearing loss was associated with 
abnormalities in the function of central auditory 
structures (Syka and Popelar  1982 ). The fact that 
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some people with tinnitus experience hyperacu-
sis has been taken to indicate that the physiologi-
cal abnormality is located at higher brain levels 
and that perhaps the prefrontal cortex is involved 
(Hazell  1990 ). 

 Rerouting of auditory information through 
such activation of neural plasticity may activate 
an ascending auditory pathway that uses the 
dorsal- medial thalamic auditory nucleus. This 
hypothesis is supported by the fi nding that the 
nonclassical ascending pathways in adults with 
tinnitus may be active (Møller et al.  1992b ). 
Other studies have shown indications that sound 
activated the nonclassical pathways in children 
but normally not in adults (Møller and Rollins 
 2002 ). This route has subcortical connections to 
limbic structures (Eggermont  2007 ; Møller 
 2010b ,  2014a ) and may explain why affective 
signs and symptoms such as phonophobia and 
depression often accompany severe tinnitus. 
Other studies have shown evidence of increased 
activation of limbic structures in people with tin-
nitus (Lockwood et al.  1998 ). 

 Many forms of tinnitus have similarities with 
central neuropathic pain (Møller  2010b ,  c ).  

8.6     Selection of Candidates 
for MVD for DPV 

 The process for selection of candidates for MVD 
of CNVII, CNV, CNIX, and CNVIII depends 
almost entirely on the patient’s history and 
assessment of the patients’ symptoms. While 
HFS, TGN, and GPN have distinct diagnostic 
characteristics, the symptoms of DPV are similar 
to those of several other vestibular disorders, 
which may not respond to MVD. It is an addi-
tional challenge to determine which side of the 
patient is affected by the DPV. Due to these vari-
ables, the process to select candidates for MVD 
operations needs to be more rigorous for poten-
tial DPV cases than for other MVD procedures. 
Not all people with the symptoms of DPV are 
candidates for MVD operations. 

 In addition to a review of the patients’ histo-
ries, two different objective methods have been 
described for selecting patients with DPV and 
tinnitus for MVD operations. One makes use of 

electrophysiological methods (ABR) (Møller 
et al.  1993b ) and the other makes use of imaging 
methods (Brackmann et al.  2001 ; De Ridder et al. 
 2004 ). The fact that vascular contact may occur 
asymptomatically (Sunderland  1948 ), however, 
indicates that imaging studies are less important 
in the diagnosis of the disorders that can be 
treated successfully with DPV. Other tests may 
be negative; one study reported that 43 % of 
patients with severe DPV had normal electronys-
tagmography (ENG) (Møller et al.  1993b ). 

 It has been reported that approximately 80 % 
of patients with DPV were successfully treated 
with a small dosage of Valium® (Møller  1997 ).  

8.7     Selection of Candidates 
for MVD for Tinnitus 

 In contrast to other diseases that can be success-
fully treated by MVD operations such as HFS 
and TGN, tinnitus represents a large group of dis-
orders with diverse and poorly defi ned patho-
physiology. Only people with certain forms of 
unilateral tinnitus will benefi t from MVD opera-
tions (Møller et al.  1993a ; Vasama et al.  1998 ). 

 Imaging studies such as MRI are of limited 
value because vascular contact frequently occurs 
without producing any symptoms (Sunderland 
 1948 ). 

 The functional effect of close contact between 
a blood vessel and at the root of the auditory- 
vestibular nerve may be refl ected by subtle but 
typical abnormalities of the ABR. Abnormalities 
in the form of prolonged interpeak latency (IPL) 
of peaks I–III and absence of peak II are the most 
important in the diagnosis of people who may 
benefi t from MVD for tinnitus. Especially impor-
tant is the difference between IPL I–III on the 
side with tinnitus and the other side. 

 More recently De Ridder et al. ( 2007 ) and De 
Ridder and Møller ( 2010 ) have described more 
specifi c and refi ned selection criteria for MVD 
operations for tinnitus regarding abnormalities in 
the ABR. 

 Even with careful selection of patients for 
MVD, operations for tinnitus have much lower 
success rate than MVD for HFS and TGN (Møller 
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et al.  1993a ; De Ridder and Møller  2010 ). That 
must be considered when advising patients about 
MVD operations for tinnitus.  

8.8     MVD Operations for DPV 
and for Tinnitus 

 The surgical techniques for MVD operations for 
DPV and tinnitus (Jannetta et al.  1984 ) are simi-
lar to those used for treating other MVD disor-
ders such as HFS, TGN, and GPN (Møller  1998 ). 

 However, operations on the auditory- vestibular 
nerve require substantial experience by the sur-
geon, and such operations carry higher risk of 
hearing loss than MVD operations of other cranial 
nerves. It is therefore critical to use intraoperative 
neurophysiological monitoring (IONM) of neural 
conduction in the cochlear nerve during MVD 
operations of the cochlear- vestibular nerve (Møller 
 2011 ), preferably by direct recording from the 
cochlear nucleus (Møller et al.  1994 ). In the hands 
of experienced surgeons, other risks such as brain 
stem strokes are small but do exist.  

8.9     Results of MVD for DPV 

 With proper selection of patients, the cure rate for 
MVD operations of selected patients with DPV is 
approximately 73 % (Møller et al.  1993b ; 
Brackmann et al.  2001 ), only slightly lower than 
that of HFS and TGN operations where the cure rate 
is approximately 85 % (Barker et al.  1995 ,  1996 ). 

 In one study 41 DPV patients belonging to a 
group of 200 consecutive patients with vestibular 
problems were followed for 2½ to 3½ years after 
their MVD operation (Møller and Møller  1990 ). 
These patients all had signifi cant vascular contact 
with the vestibular nerve at the time of the opera-
tion. Before the operation, only 4 had ever been 
employed and the other 37 had been unable to work 
because of their DPV. Approximately half were 
housebound or had to use a wheelchair for all activi-
ties including housework. By the follow- up, 30 out 
of 41 (73 %) were either totally free of DPV symp-
toms or had made signifi cant improvement that 
allowed them to return to full-time work or perform 
meaningful activities. 

 Two of the patients reported minor relief and 9 
had no noticeable improvement after the opera-
tion. Nonetheless, for 73 % of the patients, the 
operation was a tremendous success. 

 The patients in this study were operated 
upon using the techniques described by Jannetta 
et al. ( 1984 ), and the patients were selected 
according to the criteria described by MB 
Møller et al. ( 1993b ).  

8.10     Results of MVD for Tinnitus 

 The rate of favorable outcome (great improvement 
or complete elimination of tinnitus) for MVD of the 
intracranial portion of the cochlear nerve in patients 
with severe chronic tinnitus has been reported to be 
between 44 and 50 % (Okamura et al.  2000 ; Ko and 
Park  1997 ) (Møller et al.  1993b ). 

 In a study of 72 patients who underwent MVD 
of the cochlear nerve, 29 (40.3 %) had marked 
improvement or complete elimination of their 
tinnitus (Møller et al.  1993b ). These patients 
complained of incapacitating tinnitus and were 
operated upon using an MVD technique similar 
to that described by Jannetta for treating DPV 
(Jannetta et al.  1984 ) but modifi ed for MVD of 
the intracranial portion of the cochlear nerve. Of 
the 72 patients, 13 (18.1 %) had total relief from 
tinnitus, 16 (22.2 %) had marked improvement, 8 
(11.1 %) slight improvement, 33 (45.8 %) no 
improvement, but 2 (2.8 %) experienced a wors-
ening of symptoms (Møller et al.  1993b ). 

 The patients in this study were selected 
according to the criteria described by Møller 
et al. ( 1993b ) using the patients’ history and 
auditory test results (ABR, acoustic middle ear 
refl ex, and the patients’ audiograms). 

 The success of the operations was inversely 
related to the time the patients had endured their tin-
nitus. The most favorable results were obtained in 
patients who had had their tinnitus only for a short 
period. Those who experienced total relief or marked 
improvement had had their tinnitus for an average of 
2.9 and 2.7 years, respectively. Those who showed 
slight or no improvement had prior experience with 
tinnitus for 5.2 and 7.9 years, respectively. 

 There was also a gender effect. Of the 32 
women in the study, 54.8 % experienced total 
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relief or marked improvement. Of the 40 men, 
only 29.3 % had that favorable outcome. 

 This study thus showed that the outcome of 
MVD operations for patients who have had tinnitus 
for more than 4 years was less favorable than it was 
for patients who have had tinnitus for a shorter time 
(Møller et al.  1993b ). It is also interesting that there 
is a noticeable difference in the success rate of 
MVD for tinnitus in men and women. The reason 
for this difference is unknown, but it is an example 
of differences between the effi cacy of MVD opera-
tions for tinnitus and for other diseases that can be 
cured by MVD operations. 

 Estrogen may play a role in creating this dif-
ference in the success rate for MVD operations in 
men and women. It has been shown that estrogen 
interacts with the GABA A  receptor (N-Wihlbäck 
et al.  2006 ; Pinaud and Tremere  2012 ). 

 More recently De Ridder et al. ( 2007 ) and De 
Ridder and Møller ( 2010 ) have shown indica-
tions that MVD operations to treat tinnitus also 
could improve hearing thresholds.  

    Conclusion 

 It is more diffi cult to select DPV or tinnitus 
patients for MVD operations. Fewer people 
with DPV or tinnitus experience benefi t from 
MVD operations than do HFS or TGN patients. 
Even with the best possible selection of patients 
for MVD, the success rate of MVD is slightly 
lower for DPV than it is for HFS and TGN. For 
tinnitus, the success rate is much lower. MVD 
operations of the cochlear-vestibular nerve for 
treatment of HFS and TGN are more techni-
cally demanding than those of the facial or tri-
geminal nerve, and the risks of complications 
in the form of hearing loss and tinnitus (or 
worsened tinnitus) are greater.     
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      Microvascular Decompression 
Surgery for Glossopharyngeal 
Neuralgia                     

     Anthony     M.     Kaufmann       and     Behzad     Sabit    

    Abstract  

  Glossopharyngeal neuralgia is characterized by paroxysmal attacks of 
severe pain involving the sensory distributions of the glossopharyngeal 
and vagus nerves. A rare manifestation is hemodynamic disturbance or 
syncope related to excessive vagal outfl ow. Analogous to trigeminal neu-
ralgia, classical glossopharyngeal neuralgia is caused by pulsatile vascular 
compression upon the ninth and tenth cranial nerve rootlets as they emerge 
from the medulla, and microvascular decompression surgery is potentially 
curative. The surgery is particularly challenging due to the narrow opera-
tive corridor, complex neurovascular relationships, and relatively small 
caseload experience. Optimal surgical outcomes are, however, achieved 
with careful patient selection, thorough understanding of the microsurgi-
cal anatomy, and adherence to the well-established operative techniques.  

  Keywords  

  Glossopharyngeal neuralgia   •   Vagoglossopharyngeal neuralgia   
•   Microvascular decompression   •   Root entry zone   •   Anatomy   •   Surgery  

9.1         Introduction 

 Glossopharyngeal neuralgia is a rare pain condi-
tion analogous to trigeminal neuralgia in regard 
to both clinical manifestations and therapeutic 
alternatives. It typically consists of brief attacks 
of severe, sharp pain involving the sensory distri-
butions of the glossopharyngeal and vagus nerves 
(Nakahara et al.  2013 , Tarlov  1942 , and Teixeira 
et al.  2008 ). The condition was fi rst described by 
Weisenberg in 1910, in a patient with a cerebello-
pontine angle tumor (Weisenberg  1910 ), and the 
term glossopharyngeal neuralgia was coined by 
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Harris in 1921 (Harris  1921 ). White and Sweet 
suggested the condition may be more appropri-
ately called vagoglossopharyngeal neuralgia, 
acknowledging the common involvement of both 
the vagus and glossopharyngeal nerves (White 
and Sweet  1969 ). As in trigeminal neuralgia, 
classical glossopharyngeal neuralgia is caused 
by pulsatile neurovascular compression on the 
cranial nerve root entry zone, and microvascular 
decompression surgery is potentially curative. 
The operative technique, however, is more chal-
lenging due to anatomical considerations and the 
relatively limited surgical experience with this 
condition.  

9.2     Clinical Considerations 

 Glossopharyngeal neuralgia is rare with an inci-
dence estimated at 0.2–0.7/100,000/year (Katusic 
et al.  1991 ; Koopman   2009 ; Manzoni and Torelli 
 2005 ). The pain is characterized by paroxysmal 
brief attacks, similar in character to trigeminal 
neuralgia (Cephalalgia  2013 ; Dandy  1927 ; Evans 
et al.  2006 ; Rozen  2004 ; Rushton et al.  1981 ). 
These come on suddenly and are described as 
sharp, stabbing, shooting, or likened to electric 
shock or pin prick. Attacks last seconds to 2 min 
and are localized to the posterior tongue, tonsil, 
throat, and sometimes the deep ear or beneath the 
angle of the jaw. They may occur spontaneously 
or be triggered by mechanical stimulations such 
as swallowing, coughing, yawning, or touching 
the back of the throat. Attacks may occur repeat-
edly in clusters, especially later in the disease 
course. There are often periods of remission, 
although a general progression over time is 
expected for most sufferers. Analogous to tri-
geminal neuralgia, glossopharyngeal neuralgia 
also occurs mainly in adults with a slight predi-
lection for females and those over 50 years old 
and is almost always unilateral. Clinical exami-
nation is normal between pain attacks, although 
trigger points may be demonstrated in the oro-
pharynx during exacerbations. The diagnosis is 
also supported by temporary relief from pain 
attacks with topical application of anesthetic to 
the posterior oropharynx. Anticonvulsants are 

not as consistently effective for glossopharyngeal 
neuralgia as for trigeminal neuralgia, and there-
fore response to such medical treatment cannot 
be considered a diagnostic test. 

 Glossopharyngeal neuralgia may rarely coex-
ist with trigeminal neuralgia (Adams  1957 ). 
Differentiating between the conditions may be 
problematic if the predominant pain occurs in the 
shared sensory regions of the ear, tongue, and 
angle of the jaw (Kobata et al.  1998 ; Tubbs et al. 
 2011 ; Yoshioka et al.  1985 ). Glossopharyngeal 
neuralgia pain may also be associated with some 
symptoms referable to the trigeminal distribu-
tion, perhaps on the physiologic basis of shared 
input to the spinal nucleus of the trigeminal nerve 
(Rushton et al.  1981 ). Rare manifestations are 
episodes of bradycardia, hypotension, asystole, 
or syncope that occur in conjunction with the par-
oxysmal pain attacks or separately and are likely 
caused by excessive vagal outfl ow (Acosta and 
Clark  1970 ; Barbash et al.  1986 ; Esaki et al. 
 2007 ; Ferrante et al.  1995 ; Kong et al.  1964 ; 
Reddy et al.  1987 ; St John  1982 ; Thomson  1954 ; 
Wallin et al.  1984 ). Such cardiac syncope was 
found in only four of the 217 glossopharyngeal 
neuralgia cases reported in the Mayo Clinic series 
between 1922 and 1977 (Rushton et al.  1981 ). 

 Classical glossopharyngeal neuralgia is typi-
cally caused by neurovascular compression on 
the cranial nerve root entry zone. The area of 
transition from a central oligodendrocyte-derived 
myelin to peripheral Schwann cell-derived myelin, 
the Obersteiner-Redlich zone, occurs within 
1–2 mm of the brainstem surface (Obersteiner 
and Redlich  1894 ). This most proximal portion 
of the nerve is particularly sensitive to pulsatile 
vascular compression where an elongated arterial 
loop is prone to become tightly lodged against 
the nerve rootlets emerging from the brainstem. 
High-resolution diagnostic imaging is useful to 
demonstrate such culprit neurovascular compres-
sion (Gaul et al.  2011 ). Glossopharyngeal neural-
gia may also arise secondary to other pathologies 
including extracranial malignant tumors, trauma 
or infection involving the pharynx and larynx, an 
elongated styloid process, trauma, multiple scle-
rosis, or mass lesions in the posterior fossa. Such 
symptomatic glossopharyngeal neuralgia often 
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 manifests with an element of constant, aching 
pain and associated defi cits related to involve-
ment of the cranial nerves in addition to the more 
typical lancinating pain attacks.  

9.3     Management Considerations 

 The mainstay of initial treatment for glossopha-
ryngeal neuralgia is anticonvulsant medication 
(De Simone et al.  2008 ; Evans et al.  2006 ; Garcia- 
Callejo et al.  1999 ; Kitchener  2006 ; Koopman 
et al.  2010 ; Luef and Poewe  2004 ; Ringel and 
Roy  1987 ; Rozen  2004 ; Titlic et al.  2006 ). 
Baclofen and antidepressants such as amitripty-
line may also be helpful (Ringel and Roy  1987 ), 
while common analgesics are generally ineffec-
tive. Recurring pain may, however, progress to 
become excruciating and refractory to medical 
therapies. Surgical interventions should then be 
considered, as well as for those manifesting with 
cardiovascular symptoms. 

 The fi rst surgical treatments for glossopha-
ryngeal neuralgia were extracranial ablation pro-
cedures. These were associated with signifi cant 
morbidity and proved relatively ineffective in 
achieving long-term relief (Adson  1924 ; Bruyn 
 1983 ; Doyle  1923 ; Mairs and Stewart  1990 ; 
Sicard and Robineau  1920 ; Wilson and McAIpine 
 1946 ). Supraganglionic sectioning of the glos-
sopharyngeal nerve performed by an intracra-
nial approach proved a more effective treatment 
option (Ceylan et al.  1997 ; Dandy  1927 ; Fraioli 
et al.  1989 ; Peet  1935 ; Taha et al.  1994 ; Rushton 
et al.  1981 ; Uihlein et al.  1955 ). Even higher rates 
of long-term pain control are achieved when a 
portion of vagal nerve rootlets are additionally 
sectioned (Bohm and Strang  1962 ; Love  1944 ). 
The combined sacrifi ce of glossopharyngeal and 
upper vagal rootlets usually results in relatively 
benign complaints of irritative cough, foreign 
body sensation in the throat, and transient hoarse-
ness or dysphagia (Chawla and Falconer  1967 ; 
Giorgi and Broggi  1984 ; King  1987 ; Rushton 
et al.  1981 ). There is, however, an associated risk 
of more serious complications such as lost gag 
refl ex, dysphagia, and vocal cord paralysis (Rey- 
Dios and Cohen-Gadol  2013 ). 

 Percutaneous radiofrequency rhizotomy 
directed at the jugular foramen was developed as 
an alternative approach to intracranial nerve sec-
tioning, particularly for patients with symptom-
atic glossopharyngeal neuralgia due to 
malignancy (Arbit and Krol  1991 ; Barrow  1993 ; 
Esaki et al.  2007 ; Giorgi and Broggi  1984 ; Isamat 
et al.  1981 ; Lazorthes and Verdie  1974 ; Salar 
et al.  1983 ; Tew  1988 ). Other ablative procedures 
include peripheral glycerol injections (Strajcic 
 1989 ; Yue and Zhang  2013 ; Yue and Zhang  2014 ) 
and trigeminal tractotomy (Crue et al.  1972 ; 
Kanpolat et al.  1998 ; Kunc  1965 ). Stereotactic 
radiosurgery targeting the glossopharyngeal 
meatus at the jugular foramen has most recently 
been reported to provide good rates of early suc-
cess, although lacks long-term follow-up 
(Martinez-Alvarez et al.  2014 ; Pollock and Boes 
 2011 ; Stanic et al.  2012 ; Stieber et al.  2005 ; 
Yomo et al.  2009 ). 

 Jannetta pioneered microvascular decompres-
sion surgery for the treatment of glossopharyn-
geal neuralgia (Laha and Jannetta  1977 ), 
following his earlier successes with trigeminal 
neuralgia (Jannetta  1967 ) and hemifacial spasm 
(Jannetta et al.  1977 ). Subsequent series have fur-
ther demonstrated the safety and effi cacy of this 
nondestructive procedure (Ferroli et al.  2009 ; 
Gaul et al.  2011 ; Kawashima et al.  2010 ; Kondo 
 1998 ; Matsushima et al.  2000 ; Michelucci et al. 
 1986 ; Olds et al.  1995 ; Patel et al.  2002 ; Resnick 
et al.  1995 ; Sampson et al.  2004 ; Sindou et al. 
 1991 ; Sindou and Mertens  1993 ; Wakiya et al. 
 1989 ). A comparison of recent reports has dem-
onstrated the rates of long-term pain relief equal 
or exceed those achieved with rhizotomy proce-
dures, with a three- to fourfold reduction in the 
risk of causing permanent cranial nerve defi cits 
(Rey-Dios and Cohen-Gadol  2013 ).  

9.4     Anatomical Considerations 

 There are notable challenges in performing 
microvascular decompression for glossopharyn-
geal neuralgia. The operative space is narrow, the 
neural elements are particularly delicate, the neu-
rovascular relationships are complex, and the 
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volume of surgical experience is limited. These 
considerations help to emphasize the importance 
of a thorough understanding of the microsurgical 
anatomy (Fig.  9.1 ).

9.4.1       Cranial Nerves 

 The glossopharyngeal nerve is predominately a 
sensory nerve, but also carries secretomotor 
fi bers. The functional components include (1) 
general somatic afferents from small areas of the 
postauricular skin and posterior fossa meninges 
terminating in the spinal tract and spinal nucleus 
of the trigeminal nerve; (2) general visceral affer-
ents of touch, pain, and temperature sensation 
from the mucous membranes of the posterior 
third of the tongue, tonsil, posterior wall of the 
upper pharynx, and eustachian tube; (3) special 
visceral afferents from the carotid sinus and body 

as well as taste from the posterior third of the 
tongue (the visceral afferents terminate in the 
solitary tract nucleus); (4) general visceral effer-
ents arising from the inferior salivary nucleus 
provide parasympathetic input to the otic gan-
glion and parotid gland; and (5) special visceral 
efferents arising from the nucleus ambiguus 
innervate the stylopharyngeus muscle (Carpenter 
 1985 ). 

 Rootlets of the glossopharyngeal nerve arising 
and terminating at the intramedullary nuclei 
emerge from the brainstem at the upper third of 
the postolivary sulcus of the medulla and con-
verge into one or two bundles. These arise imme-
diately inferior to the root exit point of the facial 
nerve that emerges from the pontomedullary sul-
cus. The proximal glossopharyngeal nerve is 
closely associated with the fl occulus and choroid 
plexus that protrudes from the foramen of 
Luschka. It then traverses the subarachnoid 

  Fig. 9.1    A panoramic representation of anatomical rela-
tionships seen through a left retrosigmoid approach. The 
medulla is associated with vertebral and posterior-inferior 
cerebellar arteries, while the anterior-inferior cerebellar 
artery courses over the pons and in relation to the vestibu-
locochlear ( VIII ) and facial nerves ( VII ). The hypoglossal 
nerve ( XII ) arises from the anteriolateral medulla and 

courses over the posterior-inferior cerebellar artery origin. 
The glossopharyngeal ( IX ), vagal ( X ), and accessory ( XI ) 
nerves pass over the jugular tubercle and enter the jugular 
foramen. The fl occulus ( Fl ) and choroid plexus (not 
shown) overlie the lateral portion of the pontomedullary 
sulcus.  Circles:  Surgical views gained by variations of 
approach trajectory and retraction       
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space, crosses over the jugular tubercle, and 
enters at the jugular foramen. The glossopharyn-
geal nerve may traverse the subarachnoid space 
adjacent to the vagus nerve fi bers or be separated 
by several millimeters. At the jugular foramen, 
the glossopharyngeal nerve enters a dural meatus, 
separated from the more inferiorly situated vagal 
meatus by a dural septum that measures between 
0.5 and 4.9 mm in width (Katsuta et al.  1997 ). 
Other components of the jugular foramen are not 
visible from the retrosigmoid approach, but 
include the inferior petrosal sinus situated super-
omedially and the sigmoid sinus situated inferior 
laterally from the neural elements. Injury to the 
glossopharyngeal nerve alone causes minimal 
defi cits of reduced oropharyngeal sensation and 
diminished gag refl ex. 

 The vagus nerve is closely related to the glos-
sopharyngeal nerve sharing common nuclei and 
also containing a variety of both afferent and 
efferent fi ber types. The functional components 
include (1) general somatic afferents from the 
cutaneous areas, back of the ear, and external 
auditory meatus terminating in the spinal tract 
and spinal nucleus of the trigeminal nerve; (2) 
general visceral afferents from the pharynx, lar-
ynx, trachea, esophagus, and thoracoabdominal 
viscera terminating in the solitary tract nucleus; 
(3) special visceral afferents from taste buds in 
the region of the epiglottis terminating in the soli-
tary tract nucleus; (4) general visceral efferents 
from the dorsal vagal nucleus distributed to para-
sympathetic ganglia of the thoracic and abdomi-
nal viscera; and (5) special visceral efferents 
arising from the nucleus ambiguus that innervate 
the striated muscles of the pharynx and larynx. 

 The 8–10 vagal rootlets emerge from the post-
olivary sulcus, in a straight vertical line that is in 
continuity with the glossopharyngeal rootlets 
above and accessory nerve rootlets below. These 
enter the vagal meatus of the jugular foramen 
together with the accessory nerve. Dysfunction 
of the vagus nerve unilaterally will lead to uvular 
deviation to the normal side, hoarseness, dyspha-
gia, and dyspnea related to a paralysis of the ipsi-
lateral soft palate, pharynx, and larynx. An 
ipsilateral loss of cough refl ex is related to anes-
thesia of the pharynx and larynx, while loss of 

visceral motor fi bers of the vagus nerve will 
decrease the carotid sinus refl ex. 

 The accessory nerve has two distinct parts. 
The cranial portion is a special visceral efferent 
arising from the nucleus ambiguus and inner-
vates intrinsic muscles of the pharynx and larynx. 
These fi bers emerge from the postolivary sulcus 
of the medulla, join the vagus nerve rootlets 
entering the jugular foramen, and continue as an 
“accessory” to the vagus nerve. The spinal por-
tion of the accessory nerve is a general somatic 
efferent that arises from a column of anterior 
horn cells of the cervical spinal cord and inner-
vate the sternocleidomastoid and upper portion 
of the trapezius muscles. The fi bers emerge from 
the lateral aspect of the upper cervical cord seg-
ments and come together as a common trunk pos-
terior to the dentate ligament. The nerve enters 
the posterior fossa through the foramen magnum 
and continues superiorly along the dural surface 
to the jugular foramen. Unilateral dysfunction of 
the accessory nerve produces weakness in turn-
ing the head against resistance and sagging of the 
shoulder with downward and outward rotation of 
the scapula. 

 The hypoglossal nerve is a general somatic 
efferent that provides motor innervation to the 
tongue. Fibers arise from the hypoglossal nucleus 
beneath the fl oor of the fourth ventricle and 
emerge as a series of rootlets from a groove 
between the lower two-thirds of the olive and 
medullary pyramid, the ventrolateral medullary 
sulcus. These fi bers arise in the same vertical line 
as the ventral spinal roots. The rootlets course 
anterolaterally through the subarachnoid space 
and enter the hypoglossal canal. Dysfunction of 
the hypoglossal nerve produces a lower motor 
neuron paralysis of the ipsilateral tongue. 

 There is a close anatomical relationship 
between the lower cranial nerves arising from the 
medulla and the vestibulocochlear and facial 
nerves that arise from the pontomedullary sulcus. 
The vestibulocochlear nerve is most laterally sit-
uated and tethered to the anterior cerebellum and 
fl occulus with fi ne arachnoid. Retraction of the 
cerebellum may therefore exert mechanical stress 
on the vestibulocochlear nerve that is particularly 
sensitive to even minor degrees of manipulation 
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and stretching (Sekiya et al.  1986 ). Its axons are 
invested with the central oligodendrocyte-derived 
myelin throughout the cisternal course. 
Furthermore, the cochlear nerve separates into 
multiple tiny fi laments that traverse the  lamina 
cribrosa  at the fundus of the internal auditory 
canal, where they may be torn with minor degrees 
of traction (Sekiya and Moller  1987 ; Sekiya and 
Moller  1988 ). 

 The facial nerve root exit point also emerges 
from the pontomedullary sulcus, immediately 
medial to the vestibulocochlear nerve and directly 
superior to the glossopharyngeal nerve. It then 
courses superiorly, adherent to the bulging pon-
tine surface before detaching from the pons and 
continuing across the prepontine cistern toward 
the internal auditory meatus. Its Obersteiner- 
Redlich zone is situated 1–2 mm distal to the root 
detachment point, such that the entire attached 
segment has myelin derived from oligodendro-
cytes. This long root exit zone of the facial nerve, 
from root exit point to the transition zone, is an 
important consideration during microvascular 
decompression for hemifacial spasm (Campos- 
Benitez and Kaufmann  2008 ; Kaufmann and 
Wilkinson  2005 ) but also highlights the relative 
sensitivity of the nerve to mechanical injury dur-
ing surgery for glossopharyngeal neuralgia.  

9.4.2     Arteries 

 The arteries of the posterior fossa have usual 
anatomical relationships with the cranial nerves, 
although there exist many variations and asym-
metries. The length of these vessels, also, may 
vary considerably and predispose to vascular 
loops impinging on the cranial nerve roots as 
culprit neurovascular compression (Rhoton 
 2003 ). A thorough examination of the preopera-
tive diagnostic imaging should allow the neuro-
surgeon to anticipate the course of these vessels 
(Fig.  9.2 ).

   The distal cervical portion of the vertebral 
artery penetrates the dura lateral to the cervico-
medullary junction and continues superiorly and 
anteromedially before merging with its contralat-
eral mate at the level of the pontomedullary sul-
cus, becoming the basilar artery. The vertebral 
artery typically courses medial to the hypoglossal 
nerve and vertebrobasilar junction is between the 
abducens nerves. Branches of the vertebral artery 
include the anterior and posterior spinal arteries, 
meningeal arteries, medullary perforating arter-
ies, and the posterior-inferior cerebellar artery 
origin. 

 The posterior-inferior cerebellar artery arises 
from the posterior lateral surface of the vertebral 

  Fig. 9.2    Magnetic resonance imaging of a patient with 
left-sided glossopharyngeal neuralgia.  Left panel:  An 
axial CISS imaging sequence through the medulla. The 
glossopharyngeal nerve ( vertical arrow ) courses from the 
postolivary sulcus, across the jugular tubercle, and enters 

the jugular foramen. Culprit neurovascular compression is 
seen at the root entry zone ( horizontal arrow ).  Right 
panel:  A magnetic resonance angiography reconstruction 
with the elongated culprit posterior-inferior cerebellar 
artery loop ( asterisk )       
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artery and usually courses laterally around the 
inferior end of the olive. This anterior medullary 
segment is inferior to most of the hypoglossal 
nerve rootlets but sometimes may go above or 
between them. The lateral segment then courses 
posteriorly between rootlets of the cranial nerves 
emerging from the postolivary sulcus or rarely 
rostral to the glossopharyngeal nerve. The vessel 
then continues posteriorly and inferiorly in the 
tonsillomedullary fi ssure, forms a caudal loop, 
and then ascends along the medial surface of the 
tonsil. It then forms a cranial loop before dividing 
over the inferior cerebellar surface. 

 The course of the posterior-inferior cerebellar 
artery varies considerably, as the length of each 
segment is commonly greater than required. 
Similarly, the vertebral arteries are often also 
asymmetrical and elongated. A common fi nding 
is a lateral and superior displacement of the ver-
tebral artery with the posterior-inferior cerebel-
lar artery origin situated well superior to the 
olive. In this confi guration, fi bers of the hypo-
glossal nerves may be stretched superiorly and 
cross the vertebral artery at the posterior-inferior 
cerebellar artery origin before looping inferiorly 
again toward the hypoglossal foramen. Elongated 
loops of the posterior-inferior cerebellar artery 
are the typical culprit in glossopharyngeal neu-
ralgia, usually impinging on the medial aspect of 
the root entry zone but occasionally on the lat-
eral side. 

 The anterior-inferior cerebellar artery is a rare 
cause of culprit neurovascular compression in 
glossopharyngeal neuralgia. The vessel arises 
from the basilar artery, usually between its infe-
rior and middle thirds. The vessel loops around 
the inferior pons and through the cerebellopon-
tine angle in close association with the facial and 
vestibulocochlear nerves. A loop toward the 
internal auditory meatus gives rise to the internal 
auditory artery. The distal vessel bifurcates with 
a superior and inferior division supplying the 
anterior cerebellum. An anterior-inferior cere-
bellar artery loop may rarely come into contact 
with the glossopharyngeal nerve root and its root 
entry zone, particularly when associated with an 
aberrant or hypoplastic posterior-inferior cere-
bellar artery. 

 The brainstem perforating arteries require 
special attention during microvascular decom-
pression surgery. Both direct and circumfl ex ves-
sels arise from the vertebral artery, anterior spinal 
artery, fi rst three segments of the posterior- 
inferior cerebellar artery, as well as anterior- 
inferior cerebellar artery. In the setting of an 
elongated parent vessel, the perforating arteries 
will also be elongated between their origin and 
perforating point on the brainstem surface.   

9.5     Surgical Technique 

9.5.1     Opening 

 The patient is positioned lateral decubitus with 
the knees slightly bent and positioned such that 
the lumbar region is perpendicular to the fl oor. 
Rigid cranial fi xation is employed with the head 
drawn posteriorly, while the chin is fl exed, pre-
serving a space of two fi ngerbreadths between 
the chin and thyroid cartilage. Additional adjust-
ments include a 10–15° drop of the vertex and 
contralateral rotation to bring the retrosigmoid 
bone toward a horizontal plane. 

 The incision is planned to provide maximal 
access to the most anterior-inferior aspect of the 
retrosigmoid space, at the junction of the poste-
rior fossa fl oor and sigmoid sinus. Landmarks 
include the mastoid tip that extends a couple of 
millimeters caudal to the posterior fossa fl oor, 
and the posterior edge of the mastoid process par-
allels the underlying sigmoid sinus. A straight 
line drawn between the lateral canthus, root of 
zygoma, and inion approximates the inferior 
edge of the distal transverse sinus behind the ear. 
A linear incision is marked 1 cm behind the mas-
toid process, superiorly to just above the trans-
verse sinus line and inferiorly across from the 
mastoid tip (Fig.  9.3 ).

   The incision is carried down through succes-
sive layers and a single self-retaining retractor 
placed to maintain the exposure. The occipital 
artery coursing between the splenius capitis and 
underlying longus capitis muscles may cross the 
fi eld. Superiorly, the suboccipital muscle origin 
at the nuchal line is elevated in the subperiosteal 
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plane. Inferiorly, the exposure should extend to 
the inferior edge of the occipital squamous bone. 
The posterior aspect of the mastoid process and 
digastric groove is cleared. An emissary vein 
usually coursing anterolaterally through the mas-
toid foramen toward the mid-sigmoid sinus is 
controlled with wax. 

 A low retrosigmoid craniectomy measuring 
up to 3 × 2 cm is fashioned with a high-speed 
pneumatic burr and 3–5-mm angulated rongeurs, 
exposing the posterior edge of the sigmoid sinus 
along its length. The occipital squamous bone is 
removed inferiorly until the fl oor is seen end-on 
(Fig.  9.4 ). Maximizing the anterolateral and infe-
rior extent of this exposure provides direct access 
to the deep arachnoid cisterns and a clear surgical 
trajectory to the lower cranial nerve roots and 
medulla (Ferroli et al.  2009 ; Gaul et al.  2011 ; 
Olds et al.  1995 ; Patel et al.  2002 ; Resnick et al. 
 1995 ; Sindou and Mertens  1993 ). Some surgeons 
have advocated for additional anterior-inferior 
exposure through a transcondylar approach 
(Hitotsumatsu et al.  2003 ; Kawashima et al. 
 2010 ; Matsushima et al.  2000 ; Sampson et al. 

 2004 ), although we have used this only in cases 
with more complex pathologies such as aneu-
rysms and cranial base tumors.

   An L-shaped dural opening is refl ected anteri-
orly overtop a saline-soaked Gelfoam. The infe-
rior dural edge is retracted with a stitch or can be 
incised inferiorly if required to visualize the pos-
terior fossa fl oor. Cerebrospinal fl uid may spon-
taneously drain from the subdural space, or 
gentle compression of the cerebellum may facili-
tate its release, resulting in relaxation of the cer-
ebellum. If the cerebellum remains full, the 
microscope is brought into use, and the cerebel-
lum is elevated from the posterior fossa fl oor to 
access and open the deep arachnoid cisterns 
(Fig.  9.5 ). Access to cerebrospinal fl uid can also 
be achieved by intraoperative lumbar puncture 
performed by the anesthesiologist using a 
25-gauge spinal needle, while the surgeon 
remains attentive to the operative fi eld. This is 
rarely required but helpful particularly for repeat 
microvascular decompression surgeries if early 
access to CSF is impaired by scarring of dura to 
the cerebellum.

  Fig. 9.3    Left retromastoid craniectomy.  Left panel:  The 
course of the transverse and sigmoid sinuses ( blue ) is 
determined form surface landmarks (see text). A linear 
skin incision ( orange ) provides the required exposure for 
a bony opening that extends to the sigmoid sinus laterally 

and posterior fossa fl oor inferiorly.  Right panel : Soft tis-
sue is held with a self-retaining retractor and bony open-
ing completed. The planned dural fl ap ( dotted line ) 
provides maximal anterior and inferior access       
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9.5.2        Approach 

 The anterior-inferior aspect of the cerebellum is 
elevated a couple of millimeters, and retraction is 
applied by suction and bayonet overtop a 
1/2 × 3-inch cottonoid and latex sheet “slider” 
(Fig.  9.6 ). Bridging veins are identifi ed as retrac-
tion is advanced. These can be released for the cer-
ebellum with arachnoid dissection and preserved 
or divided after coagulation. The cervical portion 
of the accessory nerve courses on the dura from 
the foramen magnum toward the jugular foramen 
and should be identifi ed to mechanical or thermal 
injury, particularly if coagulating a bridging vein.

   The arachnoid exposed inferior to the jugular 
foramen provides the most direct access to the 
deep cistern, and when opened the cerebrospinal 
fl uid release will further “defl ate” the cerebellum. 
Further sharp dissection opens the arachnoid 

between the lower cranial nerves and cerebellum 
and is continued superiorly across the cerebello-
pontine angle. Separation of the cerebellum from 
the vestibulocochlear nerve can be achieved with 
careful dissection of fi ne arachnoid tethering 
these structures. This will facilitate brainstem 
exposure with minimal cerebellar retraction. 
Finally, exposure of the facial, glossopharyngeal, 
and upper vagal root exit/entry zones is achieved 
with elevation of the fl occulus and closely associ-
ated choroid plexus (Fig.  9.7 ).

   Throughout surgery, the degree of retraction 
should always be minimized as much as possible 
in order to avoid cerebellar compression and cra-
nial nerve traction injuries. Each repositioning of 
retraction is gauged by observation of any resul-
tant distortion or traction on neurovascular ele-
ments as well as intraoperative monitoring 
feedback, as further discussed below. Focused 

  Fig. 9.4    Three-dimensional computerized 
tomographic reconstructions demonstrating a right 
retromastoid craniectomy, with cranioplasty 
closure ( asterisk ). The bony opening extends to 
the sigmoid sinus laterally and posterior fossa 
fl oor inferiorly       
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retraction is directed to provide clear exposure of 
one anatomical region at a time, rather than an all 
encompassing single panoramic view. On rare 
occasions we have utilized an angulated mirror to 
view behind the cranial nerves, as can be achieved 
also with an angulated endoscope (Ferroli et al. 
 2009 ). More commonly, all neural and vascular 
elements can be visualized by varying the micro-
scope trajectory and adjusting retraction (Fig.  9.1 ).  

9.5.3     Decompression 

 The most common culprit vessel in glossopha-
ryngeal neuralgia is the posterior-inferior cere-

bellar artery, with the apex of a loop impinging 
against the glossopharyngeal and vagal nerve 
root entry zone. Displacement of the proximal 
nerve rootlets or indention of the medulla is often 
apparent, although even gentle pulsating com-
pression is a suffi cient cause. Conversely, vessels 
in simple contact with the cisternal portion of the 
nerve roots are incidental. The vertebral artery, 
anterior-inferior cerebellar artery, or a large vein 
may also contribute to neurovascular compres-
sion or rarely may be the sole culprit. 

 The technical objective of microvascular 
decompression surgery is to reorient the axis of 
the offending artery loop away from the target 
root entry zone, rather than simply cushioning 

  Fig. 9.5    Approach through a left retromastoid craniec-
tomy.  Top left:  Mastoid bone edges have been sealed with 
wax and the sigmoid sinus edge is visible laterally.  Top 
right:  The dura has been opened in a curved fashion with 
an anterior fl ap refl ected over moistened Gelfoam; a 
retraction stitch placed inferiorly.  Bottom left:  The cere-

bellum is gently depressed with a folded “slider,” fash-
ioned with a sheet of latex beneath a 1/2 × 3-inch cottonoid. 
 Bottom right:  The slider has been unfolded and advanced 
beneath the cerebellum parallel to the posterior fossa 
fl oor. This corridor will provide access to the deep arach-
noid cistern       
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the neurovascular confl ict. Beginning proximally 
and distally, away from the point of maximum 
compression, the vessel is lifted off the brain-
stem. Working toward the apex of the loop in a 
stepwise fashion, the entire vessel is shifted dis-
tally along the nerves, alleviating compression on 
the root entry zone. Care is taken to avoid tension 
on perforating vessels, and all arachnoid tethers 
are sharply divided. Implanted material is used to 
maintain the vessel in its new orientation, posi-
tioned between the vessels and brainstem, with-
out pressure on the root entry zone or proximal 
rootlets. The tail of larger implants may also 
extend over the cerebellum to be further lever-
aged when retraction is eased (Fig.  9.8 ). When 
the offending artery forms a long loop, it is often 
possible to entirely transpose the vessel to a new 
position relative to the lower cranial nerves 
(Fig.  9.9 ). There is potential to kink particularly 
long vessel loops during transposition, and this 
can be recognized by visual inspection and 
checked with a Doppler fl ow probe. Rarely cul-
prit veins may be encountered and considered for 
coagulation, although mechanical or thermal 
injury to brainstem rootlets and perforating ves-
sels must be avoided.

    We use shredded Tefl on felt as an inert implant 
material. A variety of sizes are prepared at the 
beginning of each surgery. Forceps or hemostat is 
used to tease fi bers from the felt that are then 

rolled between moistened fi ngers into the cigar 
shapes measuring approximately 1 × 3 to 
6 × 15 mm (Fig.  9.6 ). Non-shredded Tefl on felt 
pieces are not used, as these may densely scar 
against the dura and neurovascular structures, 
rarely inciting infl ammatory reactions (Bobek 
and Sagher  1999 ; Chen et al.  2000 ; Premsagar 
et al.  1997 ). A variety of sling techniques have 
also been described to maintain a mobilized ves-
sel in new position away from the target root 
entry zone (Bejjani and Sekhar  1997 ; Fukushima 
 1982 ; Kondo  1998 ; Kyoshima et al.  1999 ; 
Rawlinson and Coakham  1988 ; Sampson et al. 
 2004 ; Shigeno et al.  2002 ). On occasion, we have 
also utilized a sling technique utilizing a fenes-
trated aneurysm clip applied around the artery 
and then securing this with suture to the petro-
clival dura (Attabib and Kaufmann  2007 ). 

 Special care is required to avoid tension on the 
perforators, either during vessel mobilization or 
implant placement. These fi ne vessels will often 
have been elongated together with the parent 
 vessel and thereby provide some latitude in ves-
sel mobilization or transposition. Alternatively, 
short perforating vessels will occasionally limit a 
desired extent of decompression. The manipu-
lated vessels are also prone to mechanically 
induced vasospasm that can be mitigated with 
topical papaverine applied on a soaked Gelfoam 
sponge or shredded Tefl on implant. 

  Fig. 9.6    Microsurgical materials.  Left panel:  A “slider” 
fashioned from a sheet of latex beneath a 1/2 × 3-inch cot-
tonoid protects the brain. Various sizes of shredded Tefl on 
felt implants are prepared (see text).  Left panel:  

Microsurgical instruments include a tapered 3 mm self- 
retaining retractor blade, 5F smooth tipped suction, 
microdissectors and fi ne forceps, as well as microscissors 
and bipolar (not shown)       
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  Fig. 9.7    Paired operative photographs and illustrations 
of microvascular decompression for left-sided glossopha-
ryngeal neuralgia.  Top left:  Arachnoid has been opened 
over the lower cranial nerves entering the jugular fora-
men. A bridging vein is seen to cross over the cervical 
portion of accessory nerve, and the choroid plexus over-
lies the superior vagal and glossopharyngeal nerve roots. 
 Top middle:  The posterior-inferior cerebellar artery lateral 
segment courses tightly against the medulla, between the 
lower vagal rootlets and associated with a bridging vein. 
 Top right:  Superiorly in the surgical fi eld, the arachnoid 
covers the cerebellum and fl occulus. This will be widely 
opened and the fl occulus further separated from the ves-
tibulocochlear and glossopharyngeal nerves.  Lower left:  
The fl occulus is retracted superiorly to expose the glos-
sopharyngeal and vagal rootlets emerging from the 
medulla. Immediately superior to this, the attached seg-

ment of the facial nerve emerges from the pontomedullary 
sulcus. A loop of the proximal posterior-inferior cerebel-
lar artery is seen to impinge and distort the vagal and glos-
sopharyngeal nerve root entry zone.  Bottom middle:  
Mobilization is initiated away from the point of maximum 
compression, in this case elevating the lateral segment of 
the distal posterior-inferior cerebellum artery anteriorly 
off the medulla and maintaining this new position with a 
shredded Tefl on felt implant placed between the nerve 
rootlets. This results in a shift of the more proximal culprit 
vascular loop distally along the lower cranial nerve root-
lets, alleviating compression at the root entry zone. 
 Bottom right:  The culprit vascular loop is further mobi-
lized distally toward the jugular tubercle and additional 
shredded Tefl on felt implants placed beneath this vessel to 
maintain its new position       
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 The importance of hemostasis cannot be over-
emphasized, both for optimal microsurgical visu-
alization and complication avoidance. Extradural 
hemostasis will prevent “run in” that may lead to 
distraction and obscure fi ne anatomical details. 
Bridging veins must also be thoroughly secured 
with bipolar coagulation before dividing. 
Protection of the brain surface is achieved with 
the “slider,” gentle retraction, as well as avoiding 
unnecessarily large craniectomies and dural 
openings. If intradural bleeding is encountered, 
suctioning and directed irrigation should pre-
cisely locate the source and control attained with 
low-power bipolar coagulation. Heavy packing 
and indiscriminant coagulation are to be avoided 
in order to prevent collateral damage and poten-

tially initiate additional bleeding. The optimal 
means to ensure hemostasis are, of course, gentle 
technique and avoidance of tissue and vessel 
injury.  

9.5.4     Closing 

 A watertight closure can usually be achieved 
with primary suturing if the dura has remained 
moist throughout the surgery. The edges of the 
bone are sealed with a layer of wax, taking care 
not to “stuff” any exposed mastoid air cells. We 
routinely reconstruct the small craniectomy 
defect with a cranioplasty of methylmethacry-
late, without the need for any rigid fi xation. The 

  Fig. 9.8    A series of illustrations from four microvascular 
decompression surgeries for glossopharyngeal neuralgia 
showing culprit vessel position before and after mobiliza-
tion away from the root entry zone.  Top left:  An elongated 
loop of the culprit posterior-inferior cerebellar artery 
compresses and distorts the glossopharyngeal and vagal 
root entry zone. This vessel is mobilized anteriorly from 
the brainstem and distally along the nerve roots, with 
shredded Tefl on felt implants (speckled) maintaining the 
new vessel position. Complete pain relief was achieved. 
 Top right:  A prominent anterior-inferior cerebellar artery 
courses in close proximity to the glossopharyngeal root 
entry zone, as seen after elevation of the fl occulus and 
choroid plexus. This vessel is mobilized further superiorly 
and shredded Tefl on felt implants positioned. A small vein 
tracking around the vagal root entry zone is coagulated 
and divided, while the hypoplastic posterior-inferior cer-
ebellar artery appears coincidental. This patient had non-
classical symptoms of glossopharyngeal neuralgia that 
did not improve after surgery.  Bottom left:  The posterior- 

inferior cerebellar artery courses between vagal nerve 
rootlets, causing a distortion at the root entry zone. 
Mobilization is limited by a small direct perforating 
branch. This patient did not improve after surgery and 
underwent subsequent sectioning of the glossopharyngeal 
nerve root and upper vagal rootlets at a second operation 
with complete pain relief but moderate laryngeal and pha-
ryngeal weakness as a consequent to the ablative proce-
dure.  Bottom right:  This patient had undergone a prior 
surgery elsewhere with sponge implants placed between 
the elongated vertebral artery and underlying medulla 
(clear ovals). At reoperation, the posterior-inferior cere-
bellar artery was seen to deeply impinge into the medulla, 
immediately lateral to the vagal root entry zone. This ves-
sel loop was mobilized away from the brainstem and 
placed over the anterior cerebellum, with additional 
shredded Tefl on felt implants placed to elevate the verte-
bral artery more distally along the nerve root and maintain 
separation of vessels from the vagal and glossopharyngeal 
root entry zone. Complete pain relief was achieved       
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soft tissues are closed in multiple layers and anti-
bacterial ointment is applied in lieu of a 
bandage.   

9.6     Intraoperative 
Neurophysiological 
Monitoring 

 The monitoring of brainstem auditory-evoked 
potentials has been associated with complication 
avoidance in microvascular decompression sur-
gery (Brock et al.  2004 ; Kaufmann and Wilkinson 
 2005 ; Lovely  1998 ; McLaughlin et al.  1999 ; 
Moller and Jannetta  1984 ; Moller and Moller 
 1989 ; Polo et al.  2004 ; Sato et al.  2009 ; Wilkinson 
et al.  2003 ). Attention to minimizing and correct-
ing intraoperative latency shifts will not only 
help prevent cochlear nerve damage and hearing 
loss but also reduce the risk of other mechanical- 
or retractor-related injuries. Increased waveform 

latencies can often be corrected by releasing 
arachnoid tethers between the vestibulocochlear 
nerve and cerebellum or adjusting of retraction to 
reduce stretch or compression on the nerve. The 
degree and duration of latency shifts should be 
minimized as much as possible as delays beyond 
1.5–2.0 milliseconds are associated with an 
increased risk of permanent hearing loss, espe-
cially when waveform amplitude diminishes 
(Moller and Moller  1989 ). Conversely, the loss of 
brainstem auditory-evoked potentials is not a 
defi nite evidence of a permanent hearing loss, 
and therefore measures to preserve and protect 
the vestibulocochlear nerve should be continued 
throughout the surgery (Wahlig et al.  1999 ). 

 The electromyography monitored during sur-
gery is a helpful means to gauge the response of 
muscle groups innervated by the facial and lower 
cranial nerves. Inadvertent nerve contact by 
instruments or implants may generate a short 
burst of high-frequency responses (>50 Hz). 

  Fig. 9.9    A series of illustrations from four microvascular 
decompression surgeries for glossopharyngeal neuralgia 
showing culprit vessel position before and after transposi-
tion away from the root entry zone.  Top left:  The elon-
gated posterior-inferior cerebellar artery arising from the 
laterally displaced vertebral artery is impinging on the 
medial aspect of the glossopharyngeal and upper vagal 
root entry zone, with displacement of the proximal nerve 
roots. The vessel is transposed anteriorly and laterally 
between the tenth nerve rootlets with shredded Tefl on felt 
(speckled) elevating the vessel from the medulla.  Top 
right:  Similar neurovascular compression with indenta-
tion of the medulla at the root entry zone. The culprit loop 
is transposed inferiorly, as accommodated by long perfo-

rating vessels (not shown). Shredded Tefl on felt is used to 
maintain the distal vessel and vertebral artery off the 
brainstem.  Bottom left:  The posterior-inferior cerebellar 
artery arises from an elongated vertebral artery at the pon-
tomedullary sulcus, and a long loop impinges on a lateral 
aspect glossopharyngeal and vagal root entry zone. The 
vascular loop is mobilized medial to the lower cranial 
nerves.  Lower right:  A loop of the posterior-inferior cer-
ebellar artery, posterior segment, impinges upon the lat-
eral aspect of the vagal root entry zone. This culprit loop 
is mobilized off the medulla and transposed to reposition 
over the anterior cerebellum, elevated from the posterio-
lateral medulla. Complete pain relief was achieved in all 
of these patients       
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These responses are rarely neurotonic in nature, 
but should still be avoided using careful micro-
surgical technique. Conversely, prolonged high- 
pitched, high-frequency responses of up to 
200 Hz are sometimes referred to as “mosquito 
buzzes” or “injury potentials” and probably indi-
cate a compromise of nerve membrane integrity. 
This is a classic early warning of potential injury 
and should prompt measures to avoid further 
nerve irritation. 

 The glossopharyngeal nerve motor recordings 
can be obtained from needle electrodes inserted 
into the ipsilateral soft palate. The vagus nerve is 
monitored with either percutaneous insertion of 
needles into the cricothyroid membrane or a 
commercially available laryngeal surface elec-
trode. Our preference is the latter, which easily 
attaches to the endotracheal tube prior to intuba-
tion. The correct placement of the recording elec-
trode can be confi rmed by intraoperative 
stimulation of the corresponding nerves intracra-
nially. We also obtain recordings from facial and 
accessory nerve-innervated muscles. Most 
recently, facial motor-evoked potentials have 
proven valuable in microvascular decompression 
for hemifacial spasm (Wilkinson and Kaufmann 
 2005 ) (Kaufmann chapter) and now are routinely 
used in all our microvascular decompression 
surgeries.  

9.7     Postoperative Course 

 Patients are observed in a neurosurgical step- 
down unit following microvascular decompres-
sion surgery, maintaining close attention to any 
alteration of vital signs or neurological examina-
tion. Approximately half of the patients are 
ambulatory and eating well on the fi rst postopera-
tive day and discharged from the hospital. Other 
patients have moderate headaches and nausea 
that typically subsides over a couple of days, 
such that the overall average length of stay is 2 
days. As soon as postoperative fatigue and inter-
mittent headaches resolve, usually over 2–8 
weeks, patients may resume full levels of activity. 
At the time of hospital discharge, patients should 
be advised of potential delayed complications 

such as cerebrospinal fl uid leak or wound infec-
tion. Meningitis is a rare complication, but more 
often aseptic rather than bacterial. Most patients 
experience immediate pain relief following sur-
gery, and therefore microvascular decompression 
for glossopharyngeal neuralgia is useful under 
emergency conditions for medical refractory and 
severe pain fl are-ups. Preoperatively prescribed 
anticonvulsants are generally tapered over 2 
weeks to minimize any potential drug withdrawal 
effects.  

9.8     Outcomes 

 Jannetta pioneered microvascular decompression 
surgery, and results from his center have included 
the original report of three patients undergoing 
this surgery for glossopharyngeal neuralgia 
(Laha and Jannetta  1977 ), then a series of the fi rst 
40 patients since 1971 with long-term follow-up 
(Resnick et al.  1995 ), and most recently a retro-
spective database review of the 217 patients 
treated from 1973 to 2000 (Patel et al.  2002 ). 
Although the latter report provided limited long- 
term follow-up results, it did clearly demonstrate 
that surgical outcomes and safety improved over 
time. This positive learning curve was driven by 
the volume of experience as well as advances in 
microsurgical anatomy knowledge and operative 
techniques including intraoperative monitoring 
(McLaughlin et al.  1999 ). 

 The recent series of microvascular decom-
pression for glossopharyngeal neuralgia pub-
lished in the current millennium have further 
exemplifi ed these advances, with high rates of 
symptom relief and complication avoidance. In 
the largest of these series, neurovascular com-
pression was evident and alleviated with com-
plete pain relief in 46 of 47 patients (Sampson 
et al.  2004 ). Similar overall success was reported 
in the other series, with results of long-term pain 
relief of medications ranging from 89 to 95% 
(Ferroli et al.  2009 ; Gaul et al.  2011 ; Kawashima 
et al.  2010 ). Transient postoperative dysfunction 
of the vagus nerve was common, manifesting 
with hoarseness and/or dysphagia in 10–33 %. 
Most, however, recovered, and only mild 
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 permanent vagal nerve defi cits were reported in 
six of the combined 110 patients from these four 
series. Other complications included one mild 
permanent facial paresis, one CSF leak treated 
with three days of external lumbar drainage, one 
pulmonary embolism, and two cases of self-lim-
ited aseptic meningitis. There were no complica-
tions of deafness, death, or other major morbidity. 
Neurovascular fi ndings in these series demon-
strated the most common fi nding of a culprit 
posterior-inferior cerebellar artery loop (85 %), 
either alone (70 %) or in combination with other 
vessels (15 %). The vertebral artery and anterior- 
inferior cerebellar artery were the sole culprit in 
7 and 3 %, respectively, or together in 1 %. 
Isolated venous compression was found in only 
4 % and associated with failure to achieve pain 
relief. 

 As an alternative to microvascular decompres-
sion for glossopharyngeal neuralgia, some sur-
geons have instead recommended sectioning the 
glossopharyngeal nerve root or sectioning the 
glossopharyngeal nerve root together with some 
upper vagal nerve rootlets, either alone (Kandan 
et al.  2010 ; Xiong et al.  2012 ) or in combination 
with microvascular decompression (Brzustowicz 
 1955 ; Ceylan et al.  1997 ; Fraioli et al.  1989 ; 
Kondo  1998 ; Rushton et al.  1981 ; Taha and Tew 
 1995 ; Uihlein et al.  1955 ). These rhizotomy pro-
cedures performed through a retrosigmoid crani-
ectomy do not require root entry zone exposure 
and vessel mobilization. Compared to microvas-
cular decompression alone, the ablative proce-
dures have similar potential to achieve permanent 
pain relief, particularly when upper vagal rootlets 
are sacrifi ced. There is, however, at least a three-
fold increase in permanent vagal nerve defi cits 
caused by rhizotomy procedures compared to 
microvascular decompression surgery (Rey-Dios 
and Cohen-Gadol  2013 ). While the extent of 
vagal sectioning is directly related to long-term 
pain relief, it is similarly related to the risk and 
severity of resultant pharyngeal and laryngeal 
weakness. There is, also, no clear demarcation of 
how many of the upper vagal rootlets to divide to 
reach an optimal outcome. 

 A special consideration involves those pre-
senting with glossopharyngeal neuralgia and 

associated cardiac symptoms or syncope. A com-
prehensive review of such cases included 68 
patients plus another fi ve added by the authors 
(Ferrante et al.  1995 ). A variety of treatments 
were summarized including anticonvulsants, car-
diac pacemakers, rhizotomies, and microvascular 
decompression surgery of the glossopharyngeal 
and vagal nerves. Microvascular decompression 
surgery was the most effective and preferred 
treatment when arterial cross-compression on the 
glossopharyngeal and vagal nerves was evident. 
Alternatively, a Dandy procedure was advised if 
neurovascular compression was not present, as 
others have also suggested (Esaki et al.  2007 ; 
Ozenci et al.  2003 ). Our own practice is to per-
form microvascular decompression alone for 
patients with classical glossopharyngeal neural-
gia or glossopharyngeal neuralgia with cardiac 
syncope and resort to rhizotomy of the glosso-
pharyngeal nerve and upper vagal rootlets if 
repeat surgery is required.  

9.9     Summary 

 Classical glossopharyngeal neuralgia is caused 
by pulsatile neurovascular compression of the 
glossopharyngeal and vagus rootlets emerging 
from the medulla. Surgical treatment is indicated 
when pain attacks become severe and medically 
refractory or whenever there are associated car-
diac symptoms or syncope. The surgical options 
include a variety of ablative procedures or micro-
vascular decompression. The latter has the poten-
tial advantage of minimizing surgically induced 
morbidity while achieving permanent pain relief. 
The surgery is challenging and very few neuro-
surgeons will gain a sizable volume of experi-
ence with this procedure. The impressive 
outcomes of published series can, however, be 
reached with a thorough understanding of the 
microsurgical anatomy and adherence to well- 
tested operative techniques.     
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    Abstract  

  Experimental and clinical arguments to estimate that vascular compres-
sion of ventrolateral medulla at level of IX–Xth root entry/exit zone (REZ) 
seem convincing enough to consider vascular decompression as a possible 
measure for the treatment of apparently essential HT, likely to be of neu-
rogenic origin. 

 The main problem remains patient selection, even when high-resolu-
tion MRI exploration shows images revealing megadolicho-artery(ies) 
likely to contribute to the pathology. Are these images of elongated arter-
ies the cause or the consequence of the elevated blood pressure? Beyond 
such uncertainty, it could however be justifi ed to consider decompressive 
surgery in the few selected patients in whom, in spite of a well-conducted 
medical treatment, blood pressure remains high, unstable, and thus life 
threatening.  
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10.1         Introduction 

 Hypertension (HT) is a worldwide major prob-
lem that causes 7.1 million premature deaths and 
represents 4.5 % of the disease burden, namely, 
64 million disability-adjusted life years (DALYs) 
according to the WHO International Society of 
Hypertension Writing Group ( 2003 ). Primary, in 
other words essential, HT is applied to the 95 % of 
cases in whom no specifi c etiology can be identifi ed. 
Because not all essential HT cases can be controlled 
by medications, search for identifying eventual 
causative factors, among those, neurogenic dys-
function, is most justifi ed. Among various factors 
responsible for neurogenic dysfunction, one cause 
may be vascular compression by an ectactic meg-
adolicho-artery located at the  rostro-ventro-lateral 
(RVL) aspect of the medulla, especially on the left 
side, as postulated by Jannetta and his group in the 
late 1970s (Jannetta et al.  1985a ; Segal et al.  1982 ). 

 Since then, only few studies, either clinical or 
experimental (Sindou and Brinzeu  2015 ), were 
reported in the literature, despite such a neuro-
genic mechanism might potentially concern a 
large number of patients. As a matter of fact, 
there are robust anatomical/physiological evi-
dences that compression of the IX–Xth root 
entry/exit zone (REZ) and adjacent RVL medulla 
can be at the origin of systemic HT (Morise et al. 
 2000 ; Smith et al.  2004 ). Related publications are 
reviewed in a recently published article (Sindou 
 2015 ). 

 Our contribution in the fi eld was an assessment 
of the effects obtained on blood pressure (BP) by 
microsurgical vascular decompression (MVD) of 
the IX–Xth REZ and adjacent VL medulla (in addi-
tion to MVD of the facial REZ) in a group of patients 
operated on for their HFS and who presented with an 
associated apparent essential HT. Long-term effects 
of the MVD on those patients’ HT was promising 
(Sindou and Brinzeu  2015 ).  

10.2     Background 

10.2.1     First Surgical Attempts on HT 

 The fi rst clinical report on vascular compression 
as an etiology of essential HT was by Jannetta 
and Gendell in ( 1979 ). They observed a high 

rate of neurovascular compression of the VL 
medulla on the left side in their patients affected 
with trigeminal neuralgia or hemifacial spasm 
when there was an associated hypertension, 
compared to the patients who did not have 
HT. Since then, only two surgical studies were 
published: one, retrospective, by Jannetta et al. 
( 1985b ) and one, prospective, by Geiger et al. 
( 1998 ). In Jannetta et al. series, of the 53 patients 
with essential HT, 51 had vascular compression 
at the left VL medulla. Among the 36 patients 
who benefi ted from a decompression considered 
“adequate,” 32 (i.e., 89 %) had subsequent blood 
pressure normalization (see Table  10.1  for val-
ues). In Geiger et al. series, of the ten patients 
followed from 5 to 66 months, eight (80 %) 
were improved, three of them requiring no fur-
ther antihypertensive medications. Improvement 
in blood pressure occurred more often in the 
patients who underwent surgery on the left side 
(Geiger et al.  1998 ; Jannetta et al.  1985b ; Levy 
et al.  1998 ; Naraghi and Fahlbusch  1999 ). The 
predominant left-sided lateralization of blood 
pressure control is concordant with the preva-
lence of the left IX–Xth nerve complex in con-
veying the afferences originating from the 
baroreceptors of the (left-sided) cardiac atrium. 
Meantime, experiments in baboons were per-
formed by the group of Jannetta to induce arte-
rial hypertension by mimicking neurovascular 
pulsating compression in the VL medulla; 
authors used a pulsatile infl ated balloon device. 
Hemodynamic changes were observed after pul-
satile compression performed on left side, but 
not on the right side (Sindou  2015 ).  

10.2.2     MRI Studies on HT 

 Because all patients affected with essential HT 
not-medically controlled cannot be candidates 
for surgical operation, a large number of studies 

    Table 10.1    WHO grading system for HTN   

 Grading  Systolic BP values  Diastolic BP values 

 Normal  ≤140  ≥90 
 Grade 1  140–159  90–99 
 Grade 2  160–179  100–109 
 Grade 3  ≥180  ≥110 
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were launched to evaluate the validity of MRI 
exploration to fi nd out the eventual role of a vas-
cular compression at brainstem in the genesis of 
the HT. Literature on MRI fi ndings is reviewed 
elsewhere (Sindou  2015 ). Briefl y, most publica-
tions report a higher rate of images of vascular 
contact/compression (vc/c) at the VL medulla in 
the group of patients with essential HT, com-
pared to the group of patients with normal blood 
pressure. In a majority of those publications, rate 
of left-sided vc/c was higher than right-sided 
vc/c. However, signifi cance was absent in the 
prospective studies ( p  = 0.178) vs  p  = 0.001 for 
retrospective studies. 

 A major limitation for MRI screening is the 
diffi culty to discriminate whether a detected 
elongated arterial loop in relation with the VL 
medulla and the adjacent IXth–Xth REZ is the 
cause or the consequence of the raised blood 
pressure. Studies comparing image fi ndings 
between patients with apparent primary HT and 
patients with secondary HT showed that in the 
group of patients with secondary HT, rate of 
NVC at brainstem was less than in the group of 
patients with primary – i.e., essential – 
HT. However those studies did not reach statisti-
cal signifi cance.  

10.2.3     Value of MRI Studies 
for Depicting Neurovascular 
Compressions 

 High-resolution sequences – 3DT2 MRI, 3D 
TOF MRA, and 3D T1 with gadolinium, in asso-
ciation – allow to detect the presence or absence 
of a vascular compression with high sensitivity 
and specifi city, 96.7 % and 100 %, respectively 
(Leal et al.  2010 ). 

 To reach high level of reliability association 
of the three high-resolution sequences is impor-
tant because of their complementarity (Leal et al. 
 2011 ).  3D T2 high-resolution  sequence obtains 
fi ne images of the root allowing to defi ne its 
trajectory, caliber, and focal indentations. The 
cerebrospinal fl uid has a hyperintense signal, 
while the other structures of the cerebellopon-
tine angle have a hypointense signal, achieving 
a cisternography- like exploration. The limitation 
of this sequence is the absence of differentiation 

of signals between vessels and nerves.  3D TOF 
MRA , if performed with a presaturation fi lter, 
visualizes only high-fl ow vessels, which are prin-
cipally the arteries.  3D T1 sequence with gadolin-
ium  is able to depict all vascular structures – that 
is, both arteries and veins – because they are both 
enhanced by contrast medium. The combination 
of the latter two sequences is indispensable to 
differentiate veins from  arteries. Figures  10.1 , 
 10.2 , and  10.3  show examples of MRI studies of 
patients with vascular confl ict at the level of the 
IX–Xth REZ and ventrolateral medulla in whom 
microvascular decompression improved their 
hypertension.

10.3           Surgical Technique 

 Installation and approach are approximately 
same as for HFS and VGPN MVD (Barker et al. 
 1995 ; Jianqing and Sindou  2015 ). The patient is 
placed in the contralateral decubitus position, the 
neck contralateral fl exed to approach lower cra-
nial nerves and VL medulla inferolaterally 
(Fig.  10.4 ).

   A retromastoid craniectomy is performed pos-
teriorly to the tip of the mastoid process with a 
semilunar shape of 2 cm in length and 1.5 cm in 
width, just posterior to the sigmoid sinus. The 
burr hole must not be turned too laterally onto the 
sigmoid sinus as this could endanger the external 
wall of the sinus, which is often reduced to a thin 
endothelial layer adhesive to the bone (Fig.  10.5 ). 
The use of a Doppler microprobe may help in 
detecting the posterior border of the sigmoid 
sinus. The dura is opened by making a small fl ap 
retracted along the sigmoid sinus. Then a self- 
retaining retractor, of the Yasargil type, mounted 
with a very thin blade of Sugita – Fukushima 
type – is placed on the inferolateral aspect of the 
cerebellum down to the cerebellomedullary fi s-
sure, to maintain the fi ssure opened (Sindou et al. 
 1992 ). The arachnoid is incised from XIth up to 
VIIIth nerves, and then the X–IXth root entry/
exit zones are reached and the ventrolateral 
aspect of the medulla seen. The choroid plexus 
emerging from the lateral foramen of Luschka, 
which frequently covers the lower cranial nerves, 
is gently retracted to expose REZ and vessels at 
the brainstem (Fig.  10.6 ).
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    The compressive vessels most frequently 
found in the group of patients affected with HT 
were the posterior cerebellar artery (PICA) and 
the vertebrobasilar artery (VBA) and frequently 
the association of both as shown in Table  10.2 . 
Compression was almost always ventral to the 
Xth–IXth rootlets. This implies that maneuvers 
on the confl icting vessels be done passing 
between the rootlets at the several interspaces. 

During mobilization of the compressive arteries, 
care should be taken to respect the tiny perforat-
ing collaterals and not to generate mechanical 
vasospasm. Throughout vascular manipulations, 
irrigation with warm saline and application of a 
few droplets of papaverine in solution (1 in 
10 mL saline) are important measures to limit 
vasospastic reactions. Not too much of papaver-
ine should be used because of its very acid PH. 

a b

c

  Fig. 10.1    MRI in a patient harboring left vagoglossopha-
ryngeal neuralgia together with apparent essential arterial 
hypertension. ( a ) Coronal view of T2 high-resolution 
sequence showing compression of the ventrolateral aspect 
of medulla by vertebral artery (VA) on left side ( arrow ). 

Axial T2 ( b ) and T1 with gadolinium ( c ) showing VA and 
posterior inferior cerebellar artery confl icting, in addition 
to the brainstem, the root entry/exit zone of the IXth and 
Xth cranial nerves on left side       

a b

  Fig. 10.2    MRI with fusion of T2 and TOF-angio in a patient with apparent essential hypertension. Axial ( a ) and coro-
nal ( b ) views of the vertebral artery compressing the ventrolateral aspect of the medulla on the right side       
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 After the compressive arteries have been iden-
tifi ed and dislodged from their confl icting situa-
tion, often marked by engrooving the ventrolateral 
aspect of the medulla, the vessels have to be 
maintained apart in such a way not to return to 
the previous compressive location. 

 When an arterial loop has a suffi cient laxity, it 
can be kept apart by means of slings approximately 
3–4 cm in length and 2–3 mm in width, made of 
shredded fi bers of Tefl on felt. Slings are passed 
around the vessel to exert a pulling effect and are 
blocked to avoid recurrence of malposition. 

 When an arteriosclerotic/atheromatous 
megadolicho- artery (PICA or VBA or the 
 complex of VBA + PICA, as seen in Fig.  10.3 ) is 
in cause, its rigidity makes transposition diffi -
cult if not somewhat dangerous. Dissection 
should start at the brainstem from caudal to ros-
tral and the vessel maintained away by inserting 

a piece of semirigid prosthesis (Dacron or 
Tefl on) and/or a cushion of Tefl on fi bers in 
between REZ/brainstem and the artery. Care 
must be taken not to exert a (too strong) “neuro-
compressive” effect. 

 Closure should be tight to avoid CSF fi stula. 
For tightness, dural suturing may need additional 
patch of fascia lata and/or fatty tissue affi xed 
onto the mastoid cells if opened.  

10.4     Results 

 Few studies have directly addressed the clinical 
problem of HT as a consequence of a vascular 
confl ict at the level of the IX–X REZ or ventro-
lateral medulla. Overall results, while promising, 
are still far from conclusive; yet no randomized 
controlled trial has been published on the issue. 

a b

c d

  Fig. 10.3    MRI in a patient affl icted with left hemifacial 
spasm and apparent essential hypertension.  Upper row : 
axial T2 ( a ) and TOF-angio ( b ) sequences showing 
megadolicho- vertebral artery (VA) and posterior inferior 
cerebellar artery (PICA) compressing the REZ of the 

VIIth cranial nerve (CN) on the  left side. Lower row : axial 
T2 ( c ) and TOF-angio ( d ) sequences showing VA and 
PICA loops stretching and compressing the IXth and Xth 
CN on the left side       
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Studies published so far are case series, usually 
by one center and by a single surgeon. Table  10.4  
summarizes the published series:

    1.    First observations of an effect of MVD of the 
ventrolateral medulla were published by 
Jannetta in 1979 in a series of patients oper-
ated on for glossopharyngeal neuralgia 
(Jannetta and Gendell  1979 ). This was later 
followed by the largest series yet published, 
53 patients, benefi ting from MVD for various 
reasons (mostly trigeminal neuralgia and 
HSF) but also having hypertension at the time 
of decompression (Jannetta et al.  1985b ). Out 
of the 53, in 42, decompression of the ventro-
lateral medulla (exclusively on the left side) 
was performed. The compressing vessel was 

either the VBA or PICA or a combination of 
both in a vast majority (see Table  10.2 ). After 
a follow-up of at least 6 months (maximum 
FU 7 years), 31 patients had normalized their 
BP. In the normalized group, 13 patients had 
no treatment at all at latest FU, 12 had 
decreased their treatment, and 6 had kept the 
same treatment as preoperatively. 

 The same group went on to publish 
in 1998 a series of patients in whom the 
 indication for decompression was the refrac-
tory hypertension itself (Levy et al.  1998 ). 
In this retrospective series of 12 patients, all 
had only severe refractory HT with a major 
lability of BP values. All patients under-
went preoperative MRI; however, existence 
of a confl ict was determined at surgery. 

  Fig. 10.4    Access to the IX–Xth REZ and ventrolateral 
aspect of the medulla should be following an infrafl occu-
lar trajectory along the cerebellomedullary fi ssure. Main 
concern is to avoid hearing loss. The lesser the exposure 
of the cochleovestibular nerve complex, the better for 
preservation of hearing and vestibular function. The 
patient is placed in the contralateral decubitus position, 
the head in a three-pin holder, slightly fl exed and rotated 
15° toward the contralateral side. The neck is laterally 
fl exed toward the contralateral side to expose the 
retromastoid- retrocondylar region without the view 
obstructed by the shoulder taking care not to stretch the 

brachial plexus especially in patients with a gracile neck. 
The ipsilateral shoulder is tapped and pulled caudally and 
posteriorly. Landmarks of skin incision and craniectomy 
are drawn posteriorly to the tip of the mastoid process. 
Keyhole (retromastoid, retrosigmoid, infrafl occular) 
approach for accessing IXth and Xth cranial nerves (CN) 
and the ventrolateral aspect of medulla on the  right side . 
Landmarks of mastoid tip (M), transverse (T) and sigmoid 
(S) sinuses. Craniectomy for infrafl occular, access to IXth 
and Xth CN ( dotted ), and for comparison, craniectomy for 
infratentorial supracerebellar access to trigeminal CN 
( crosses )       
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Vessels were found to contact the REZ of the 
IXth–Xth pair or the ventrolateral medulla 
in all patients. In 11 the compressive vessel 
was PICA, whereas in the remaining one it 
was the VBA (see Table  10.2 ). Successful 
decompression was achieved in all patients. 
After a mean FU of 51.7 months, 8 patients 
had improved their BP with a mean drop of 
the systolic of 42.3 mmHg (20 mmHg was 
considered a minimum for declaring improve-
ment). One patient had worsening of his HT, 
and the others showed no change.

       2.    A number of papers, also directly addressing 
refractory HT due to vascular confl ict at the 
ventrolateral medulla, has been published by 
the team of Erlangen in Germany under the 
coordination of Pr. Fahlbusch. In the initial 
publication in The Lancet in 1998, eight 
patients had been prospectively studied (Geiger 
et al.  1998 ). Patients were included if MRI 
showed a confl ict at the level of the VL medulla 

or IXth–Xth REZ. In six the confl ict was caused 
by PICA on the left side, in one by PICA bilat-
erally, and in the last one by PICA and the 
VBA. At 3 months seven patients had improved 
their HT to the point of normalization with a 
decrease in treatment. Only fi ve patients were 
followed up to 1 year, and out of these, four had 
normal BP values. In none of the patients, it 
was possible to halt the antihypertensive treat-
ment. The series was followed for another 
36 months for a mean FU of 3.5 years (Frank 
et al.  2001 ). At the end of this period, three 
patients had normal BP with little or no medi-
cation, and two had the same status as preop-
eratively. In the remaining three, severe 
complications of uncontrolled HT occurred, 
with two deaths related to high BP values. 

 In a parallel publication, the same team 
attempted to provide mechanistic data by fol-
lowing the evolution of BP and sympathetic 
activity in parallel in 14 patients after MVD 

  Fig. 10.5    Schematic views of IXth and Xth 
cranial nerves and ventrolateral (VL) aspect of 
the medulla on the  right side. Upper view : 
superimposition of CT and MRI showing VL 
compression of brainstem by megadolicho- 
vertebrobasilar (VB) artery on the right side 
and retromastoid craniectomy to perform an 
inferolateral approach to the lower cranial 
nerves (CN).  Lower view : superimposition of 
the lower part of the cerebellopontine angle to 
a drawing of the patient’s head in the lateral 
decubitus position       
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for severe refractory HT. The series was pub-
lished in Stroke in 2009 (Frank et al.  2009 ). 
Mean FU was 26 months. At 1 year patients 
showed a signifi cant decrease in blood pres-
sure (monitored over 24 h) from 179 mmHg 
on average preoperatively to 139 mmHg. 
Furthermore sympathetic activity (monitored 
by peroneal microneurography) had a similar 
evolution. However, BP values returned to 
above normal at 2 years postoperatively (aver-
age 152) and the same held true for sympa-
thetic activity. This led the authors to believe 
that neurogenic HT was mediated through 
sympathetic hyperactivity and that although 
their results were limited further investiga-
tions were warranted.   

   3.    Other small series and case studies were pub-
lished by several authors with effects of HT 
being studied in patients undergoing MVD 
principally for other pathology (mostly HSF) 
(Morimoto et al.  1999 ; Van Ouwerkerk et al. 
 1989 ). These are detailed in Table  10.4 .   

a b

c d

  Fig. 10.6    Step-by-step technique for microvascular 
decompression of  IX th and  X th root entry/exit zone and 
ventrolateral (VL) aspect of the medulla on the right side. 
( a ) Inferolateral fl occular trajectory to  XI th and  X th– IX th 
cranial nerves, with REZ masked by choroid plexus ( ch. 
pl. ) REZ and VL medulla are compressed by a 

megadolicho- vertebrobasilar ( VB ) and posterior inferior 
cerebellar artery ( PICA ). ( b ) Access to the REZ after 
retraction of the choroid plexus. ( c ) Decompression after 
dissection of neural/vascular structures and translation of 
VB-PICA complex. ( d ) VB-PICA complex maintained 
apart after insertion of Tefl on material       

       Table 10.2    Patient demographics and anatomical 
fi ndings   

 HT with HSF 
[ n  = 48] 
  n  (%) 

 Sex  Female  22 (46) 
 Male  26 (54) 

 Age  35–82 years 
(60 years) 

 Side  Right side  18 (37.5) 
 Left side  30 (62.5) 

 Compressive 
vessel(s) 

 VBA  2 (4) 
 PICA  12 (25) 
 AICA  15 (31) 
 AICA + PICA  5 (10) 
 VBA + PICA  10 (21) 
 VBA + AICA  1 (2) 
 VBA + PICA + AICA  3 (6) 

 Implication 
(alone or in 
association) of 

 VBA  16 (33) 
 PICA  30 (63) 
 AICA  24 (50) 

 Presence of multiple confl icts  19 (40) 

   VBA  vertebrobasilar artery,  PICA  posterior inferior cere-
bellar artery,  AICA  anterior inferior cerebellar artery  
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   Table 10.3    Evolution of long-term effects after MVD for HT   

 Grading  Pre MVD on medication  n  (%)  Post MVD at latest FU  n  (%)   p  value 

 Normal  1 (2)  28 (58)  No treatment  14  <0.0001* 
 Reduced treatment  10 
 Same treatment  4 

 Grade 1  38 (79)  18 (38) 
 Grade 2  9 (19)  1 (2) 
 Grade 3  0 (0)  1 (2) 

 Average grade  1.19  0.48  <0.0001* 

    Table 10.4    Results of MVD for HTN in the literature   

 Investigator  Date 
 Number of 
patients 

 Offending 
vessel 

 Indication 
for MVD  Mean FU  Results 

 Jannetta 
et al. 

  1979   16 patients  N/A  IXth 
neuralgia 

 N/A  12 improved 

 Jannetta 
et al. 

  1985   53 patients 
(42 with actual 
decompression 
of the medulla) 

 23 PICA L 
 20 VBA L 
 8 VBA & 
PICA L 
 1 SCA L 
 1 AICA L 

 HSF, GN 
and TN 

 8 years – 6 
months 

 32 improved (20 mmHg 
decrease in BP) 

 van 
Ouwerkerk 
et al. 

  1989   7 patients  N/A  HFS  24 months  2 off medication 
 2 with half doses 
 3 no change 

 Levy et al.   1998   12 patients (an 
additional 7 
unpublished) 

 PICA L 
 VBA L 

 Only HT  51.7 months  8 improved (20 mmHg 
decrease in BP with a mean 
decrease of 42.3 mmHg) 
 2 no change 
 1 worsened (of the additional 
7–2 normalized their BP) 

 Geiger et al.   1998   8 patients  6 PICA L 
 1 PICA Bilat 
 1 PICA + VB 
L 

 Only HT  12 months  At 12 months 4 normalized 

 Morimoto 
et al. 

  1999   1 patient  VBA L  HFS  5 months  Decrease in BP from 152/110 
to 108/74 with elimination of 
2 out of 3 drugs 

 Frank et al.   2001   8 patients  (Same as 
Geiger) 

 Only HT  3.5 years  3 normalized 
 2 had little change 
 3 had severe long-term HT 
with 2 deaths 

 Frank et al.  2008  14 patients  Left side 
 Vessel not 
reported 

 Only HT  26 months  At 12 months average BP 
decreased from 162/98 to 
133/85 at 24 months average 
BP was 158/96 

 Sindou   2015   48 patients  See Table  10.2   HFS  7 years 
 (2–16 years) 

 At latest FU average systolic 
BP had decreased from 141 
to 132 
 BP had normalized in 28 
patients with 14 having no 
treatment after MVD 

   VBA  vertebrobasilar artery,  PICA  posterior inferior cerebellar artery,  AICA  anterior inferior cerebellar artery,  SCA  supe-
rior cerebellar artery,  HFS  hemifacial spasm,  TN  trigeminal neuralgia,  GN  glossopharyngeal neuralgia,  L  left-sided 
confl ict  
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   4.    The authors of this chapter have studied MVD 
effects on HT in a series of patients operated 
on for HFS (Sindou and Brinzeu  2015 ) and 
followed at least 2 years, up to 16 years with 
an average of 7 years after the surgery. Of 201 
patients referred for HFS, 48 (23.8 %) had 
associated HT considered essential. All had 
high-resolution MRI that visualized a NVC 
(see Table  10.2 ). HT was severe in all of the 
patients with one exception, as in 47 BP was 
still WHO grade I or II and in 18 still unstable 
in spite of a medical treatment conducted by 
specialists in HT. Decision was taken not to 
discontinue nor modify medications for MVD 
surgery for safety (and also methodological) 
reasons. All underwent MVD of the IX–Xth 
root exit/entry zone (REZ) and adjacent 
 ventrolateral medulla, in addition to VIIth 
REZ. Effects on HT, graded using the WHO 
classifi cation (see Table  10.1 ), were studied 
up to latest  follow- up, ranging from at least 
2 years up to 16 years, 7 years on average. 
Also, effects of MVD on blood pressure (BP) 
according to the side of vascular compression 
were evaluated.

   After MVD, at latest FU, BP returned to normal, 
i.e., below 140 mmHg of systolic, in 28 patients, 
of whom 14 (29.10 % of the whole series) with-
out the need for any antihypertensive treatment. 
The 14 others still necessitated some medica-
tion to have their BP below 140 mmHg 
( p  < 0.0001) (Table  10.3 ). At latest FU, BP 
remained unstable in only 8 out of the 18 
patients with instability prior to MVD ( p  < 0.02) 
(Fig.  10.7 ).

    Effects of MVD on BP along time were evaluated 
by comparing WHO grades at 1 year and at 
latest FU. The study shows a favorable delayed 
effect in a number of patients; in eight patients 
BP shifted to normal after the fi rst year of FU 
(Fig.  10.8 ).

   According to side, of the 30 patients with left- sided 
compression, 17 had BP normalized, 11 of 
whom without the need for any medical 
 treatment. Of the 18 patients with right-sided 
compression, 11 had BP normalized, 3 of whom 
without medication. Difference between sides 
was not globally signifi cant. However, when 
comparing groups of patients with BP normal-
ized without the need for treatment, patients with 

  Fig. 10.7    Evolution of the stable/unstable character of 
the hypertension (at diagnosis, before and after MVD) [in 
a personal series of 48 patients]. A signifi cant reduction in 
the number of patients having an unstable BP was noted 
after introduction of the medical treatment ( p  < 0.0001 

Bhapkar test for homogeneity). Similarly the number of 
patients with a stable blood pressure was signifi cantly 
higher after MVD ( p  = 0.0003 Bhapkar test for 
homogeneity)       
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left-sided compression had better outcome 
(38 %) than right sided (16.7 %) (Fig.  10.9 ).

   Complications of surgery in our 48 patients series 
were as follows: there was no mortality, perma-
nent neurological disturbances amounted to 2 % 
for swallowing and vocal cord paresis, 4 % for 
hearing loss, and 2 % for balance disturbances.

       5.    Critics of these publications have pointed out 
that the studies were uncontrolled and that 
patients might have been undertreated for their 
hypertension preoperatively. While this is prob-
ably true in some cases, it is also true that at 
least in our series, medical treatment was inde-
pendently managed by specialists in HT out-
side the surgical team and that a clear reduction 
in treatment could be shown. While no defi ni-
tive conclusion can yet be drawn, these results 
encourage to consider MVD in severe cases of 
refractory HT if a confl ict is discovered and 

most certainly encourage the build-up toward 
clinical randomized trials on the issue.    

10.5       Discussion 

 Neurogenic hypertension by vascular compres-
sion of the IX–Xth REZ and the ventrolateral 
medulla has solid scientifi c bases from previous 
animal studies. However, transposing experimen-
tal data into clinical practice may be hazardous, 
and a clear-cut role of a neurovascular confl ict in 
the genesis of hypertension is still to be demon-
strated. Several problems remain unsolved, but 
all revolve around one evidence: hypertension is 
notoriously multifactorial; therefore, singling out 
one key factor in one specialty studies is at least 
questionable. 
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  Fig. 10.8    Repartition of patients according to grades of 
WHO classifi cation for hypertension [in a personal series 
of 48 patients] with evolution of outcomes along time. 
From  left  to  right : 

 At diagnosis before introduction of antihypertensive 
drugs. 

 Before microvascular decompression ( MVD ) under 
medical treatment. 

 1 year after MVD. 
 At latest follow-up (FU) (inserted: respective percent-

ages for each grade). 
 A signifi cant difference was noted after the MVD pro-

cedure both at 1 year and at the latest FU ( χ  2  test for both 
 p  < 0.01)       
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 Firstly, if the problem is addressed from a 
pathogenetic point of view, as shown previ-
ously, MRI studies are not able to differentiate 
a subpopulation with hypertension in whom an 
image of vascular confl ict can be ascertained as 
the real cause. It remains a matter of debate 
whether a confl ict on the ventrolateral medulla 
is the cause or the consequence of the hyperten-
sion. One cannot therefore rely solely on imag-
ing studies to identify patients in whom the 
hypertension is neurogenic and amenable to 
surgery. 

 Secondly, benefi t of decompression has yet 
to be demonstrated. Clinical studies are few and 
far between. Furthermore most of them make 
observations in series of patients operated on for 
other pathology. Moreover, these observations 
often lack the rigor of controlled clinical trials. 
Main weak points are related to the diagnosis of 
refractory hypertension as well as the way fol-
low-up was ensured. Thus, it would be diffi cult 
to recommend straight forward microvascular 
decompression to a patient for solely the treat-
ment of hypertension, albeit severe, and even 
facing clear-cut images of neurovascular 
confl icts. 

 However, in spite of these many unresolved 
issues, it may be admissible to consider MVD for 
some selected groups of patients with severe, 
unstable, and refractory hypertension. As a mat-
ter of fact, literature reports changes in the clini-
cal situation after decompression of a marked 
vascular confl ict of the ventrolateral medulla and 
IXth and X REZ. 

 The key problem is therefore patient selection. 
Research efforts should be oriented to investiga-
tions on the impact of the vascular compressions at 
the level of the IX–Xth REZ and ventrolateral 
medulla in the clinical setting of severe, refractory, 
unstable hypertension. The search of physiologi-
cal “markers” of sympathetic dysfunction – likely 
to be the preeminent mechanism in the pathogen-
esis of hypertension through vascular confl ict – 
could provide the necessary link between imaging 
and clinical manifestations. Additionally pharma-
cological tests of sympathetic blockade could help 
predict the effects of surgery. 

 When solid criteria for selecting potential can-
didates have been established, microvascular 
decompression can be proposed for the treatment 
of neurogenic hypertension likely to be generated 
by a vascular compression.     

  Fig. 10.9    Repartition of patients’ outcome according to 
the side of compression/surgery [in a personal series of 48 
patients]. There was no statistically signifi cant difference 
between right and left side of pathology/decompression, 
except when comparing groups with blood pressure nor-

malized. In those decompressed on the left side, there was 
a signifi cantly higher proportion of patients not requiring 
any treatment (36.7 % on the left side versus 15.7 % on 
the right side  p  = 0.05  χ  2 )       
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      Treatment 
of Vagoglossopharyngeal 
Neuralgia with MVD and Other 
Neurosurgical Procedures                     

     Marc     Sindou       and     Jianqing     Chen    

11.1            Introduction 

 Vagoglossopharyngeal neuralgia (VGPN), 
named as such (White and Sweet  1969 ) because 
the pain frequently affects not only the sensory 
territory corresponding to the glossopharyn-
geal nerve but also the one tributary of the sen-
sory vagus nerve, represents about 0.2–1.3 % 
of all facial pain syndromes (Chawla and 
Falconer  1967 ). VGPN consists of paroxysmal, 
transient, severe, sharp pain in the back of the 
throat, the tonsillar fossa, the base of the 
tongue, the depth of the ear canal, and the area 
beneath the angle of the jaw. It usually lasts 
seconds to minutes and is often triggered by 
swallowing, eating, chewing, coughing, yawn-
ing, talking, etc. (Headache Classifi cation 
Committee of the International Headache 
Society (IHS)  2013 ; Sindou et al.  2014 ). VGPN 
may also be associated with cardiovascular 

manifestations (Esaki et al.  2007 ; Ferrante 
et al.  1995 ; Greeson and Linden  1981 ; Jamshidi 
and Masroor  1976 ; Ozenci et al.  2003 ; Svien 
et al.  1957 ; Tew et al.  1982 ), and because of its 
association with cardiac dysrhythmias, some 
may be fatal.  

11.2     Etiologies 

 VGPN may be secondary, due to tumors or 
various pathologies in the cerebellopontine 
angle (aneurysms, arachnoiditis, persistent 
hypoglossal artery, or petrositis, etc.). Also 
VGPN may be due to extracranial causes, like 
tumors in the oropharynx, elongated styloid 
process, ossifi cation of the styloid ligament, 
tonsillitis, peritonsillar abscess, trauma, and 
even vertebral artery dissection (Hamada et al. 
 2013 ). An MR imaging exploration is recom-
mended to rule out tumors, vascular lesions, 
Chiari malformations, etc. 

 VGPN may be idiopathic; in this type no 
demonstrable lesion can be found by defi nition. 
However, since last decades, these cases are 
mainly attributed to a IXth–Xth cranial nerve 
compression caused by a vessel, predominantly 
but not always at the root entry zone (REZ) of the 
brainstem. With modern MR imaging, these ves-
sels can be evidenced with a high sensibility and 
a high specifi city (Leal et al.  2010 ).  
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11.3     Clinical Presentation 
and Diagnosis 
of Idiopathic VGPN 

 Incidence is estimated at 1 % compared to the 
one of trigeminal neuralgia (TN). VGPN is more 
common on the left side (left-to-right ratio of 
3:2), TN being more common on the right (right- 
to- left ratio 5:3). 

 According to the International Headache 
Society, the diagnosis of VGPN is clinical; crite-
ria are cited as follows (Headache Classifi cation 
Committee of the International Headache Society 
(IHS)  2013 ; Sindou et al.  2014 ):

    A.    At least three attacks of unilateral pain fulfi ll-
ing criteria B and C.   

   B.    Pain is located in the posterior part of the 
tongue, tonsillar fossa, pharynx, beneath the 
angle of the lower jaw, and/or in the ear.   

   C.    Pain has at least three of the following four 
characteristics:
    1.    Recurring in paroxysmal attacks lasting 

from a few seconds to 2 min   
   2.    Severe intensity   
   3.    Shooting, stabbing, or sharp in quality   
   4.    Precipitated by swallowing, coughing, 

talking, or yawning       
   D.    No clinically evident neurological defi cit.   
   E.    Not better accounted for by another ICHD-3 

diagnosis.    

11.4       Treatment 
of Idiopathic VGPN 

 Management of idiopathic VGPN includes medi-
cal and surgical treatments. The medical treat-
ment is the same as for trigeminal neuralgia, 
mainly based on anticonvulsant medications 
(Headache Classifi cation Committee of the 
International Headache Society (IHS)  2013 ; 
Sindou et al.  2014 ). As for TN, carbamazepine is 
the fi rst option; when insuffi cient or not tolerated, 
other anticonvulsants may be administered, 
namely, diphenylhydantoin, oxcarbazepine, clo-
bazam, sodium valproate, topiramate, gabapen-
tin, pregabalin, lamotrigine, and levetiracetam. 

As regards to non-antiepileptic drugs, association 
of baclofen may be useful. When the medical 
treatment fails or drug intolerance, allergies, or 
side effects become a problem, surgical treatment 
should be taken into consideration. At present 
microvascular decompression (MVD) is the fi rst 
option, as the method is directed to the most fre-
quent anatomical cause of VGPN and because 
MVD is of conservative nature. 

11.4.1     Treatment with MVD 

 Dandy ( 1934 ) and Gardner ( 1953 ) raised the 
theory that vascular compression of the root 
entry/exit zone of the cranial nerves might be at 
the origin of hyperactivity syndromes. In 1977 
Jannetta further investigated this mechanism 
and published the fi rst series of patients with 
VGPN treated with microvascular decompres-
sion (MVD) (Jannetta  1977 ). Since then MVD 
gained greater acceptance than the traditional 
rhizotomy procedure, and a number of series of 
MVD were published regarding its satisfactory 
effi cacy (Table  11.1 ). Modern MR imaging, 
using the association of high-resolution 3D T2, 
3D TOF angiography, and 3D T1 + gadolinium, 
is able to predict with a high sensibility and a 
high specifi city, presence or not, type, topogra-
phy, and degree of compression of the cranial 
nerves (Leal et al.  2010 ). Figures  11.1  and  11.2  
show high- resolution MR imaging in a patient 
with VGPN.

     A recent review of literature included 28 series 
and regrouped 515 patients (Chen and Sindou 
 2015 ). Overall total relief rate ranges from 50 to 
100 % according to the series (Table  11.1 ). In the 
more recent series, total relief rate was higher 
than 90 %. MVD has a lower recurrence rate, 
compared to the percutaneous RF thermocoagu-
lation procedure. As a matter of fact, in well- 
experienced centers, MVD provides a good 
outcome with a high rate of pain relief (80–90 % 
according to main series). Because MVD is a 
delicate open intervention, it carries a risk of 
nerve defi cit, variable according to the published 
series. In well-trained surgical team, these risks 
are statistically rare.  
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    Table 11.1    Literature series with MVD of IXth and/or Xth cranial nerves, from 1977 to 2014   

 Authors and 
Year 

 No. of 
 patients 

 Mean 
 age 
(years) 

 Deaths 
(%) 

 Mean follow- 
 up (years) 

 Total 
 relief 
(%) 

 Partial 
 relief 
(%) 

 No 
 relief 
(%) 

 Complications 
 (%) 

 Laha and 
Jannetta ( 1977 ) 

 3  44.3  1 (33.3)  0.7  1(50)  1(50)  0  0 

 Jannetta ( 1980 )  9  30–69  1 (11.1)  NR  6 (75)  2 (25)  T. decreased palatal 
and gag refl exes 2 
(22.2) 

 Murasawa et al. 
( 1985 ) 

 1  46  0  0.5  1  0  0  0 

 Tsuboi et al. 
( 1985 ) 

 1  39  0  1  1 (100)  0 

 Yoshioka et al. 
( 1985 ) 

 1  62  0  1  1 (100)  0 

 Michelucci 
et al. ( 1986 ) 

 3  56.9  0  1.8  3 (100)  T. headache 2 (66.6) 

 Wakiya et al. 
( 1989 ) 

 16  54.7  0  2  15 (93.7)  1 (6.3) 

 Sindou et al. 
( 1991 ) 

 9  66  0  3.5  9  0  0 

 Ferrante et al. 
( 1995 ) 

 3  58.3  0  2.2  2  0  1 

 Resnick et al. 
( 1995 ) 

 40  55  2 (5)  4  28 (76)  6 (15)  3 (8)  P. paresis of IX and X 
3 (8) 
 T. paresis of IX and X 
4 (10) 
 infection1 (2) 
 T. conjunctivitis 1 (2) 
 T. hypertension 2 (5) 

 Platania et al. 
( 1997 ) 

 1  58  0  NR  1  0  0 

 Kondo ( 1998 )  17  59.3  1 (5.9)  11.6  16 (94.1)  P. mild hoarseness 2 
(11.8) 
 T. coughing 2 (11.8) 

 Nishikawa et al. 
( 2000 ) 

 1  47  0  NR  1  0  0 

 Matsushima 
et al. ( 2000 ) 

 3  59.3  0  1.3  3 (100)  0 

 Patel et al. 
( 2002 ) 

 217  50.2  3 (5.8)  4  29 (58)  9 (18)  12 
(24) 

 Brainstem infarction 2 
(0.9) 
 CN palsy 15 (6.9) 
 CFL 6 (2.8) 
 Dysphagia (0.9) 

 Sampson et al. 
( 2004 ) 

 47  56.4  0  12.7  28 (96.5)  T. hoarseness/
dysphagia 13 (28) 
 T. facial paresis 3 (6) 
 P. hoarseness/
dysphagia 4 (6) 
 P. facial paresis 1 (2) 

 Ohyama et al. 
( 2006 ) 

 1  61  0  NR  1 

 Esaki et al. 
( 2007 ) 

 2  NR  0  NR  2  0  0  0 

(continued)
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11.4.2     Technique for VGPN 
Decompression at Lyon 
University 

11.4.2.1     Basic Principles 
 Indication for surgery is based on imaging. High- 
resolution MRI allows to predict neurovascular 
compression (NVC) and, if MVD is decided, to 

help surgical planning and design microsurgical 
approach that should be tailored according to 
individual features of every patient. To achieve 
high sensibility and high specifi city, MRI explo-
ration should associate the three following high- 
resolution sequences: 3D T2 to fi nely depict the 
neural structures and vessels and degree of com-
pression, 3D T1 with gadolinium to show both 

Table 11.1 (continued)

 Authors and 
Year 

 No. of 
 patients 

 Mean 
 age 
(years) 

 Deaths 
(%) 

 Mean follow- 
 up (years) 

 Total 
 relief 
(%) 

 Partial 
 relief 
(%) 

 No 
 relief 
(%) 

 Complications 
 (%) 

 Ferroli et al. 
( 2009 ) 

 31  55.8  0  7.5  28 (90.3)  3 (9.7)  T. dysphonia/
dysphagia 3 (9.7) 
 T. hypoacousia 4 (12.9) 
 T. VI/VII palsy 3 (9.6) 
 CSFL 1 (3.2) 

 Sindou and 
Keravel ( 2009 ) 

 23  NR  0  9  21 
(91 %) 

 0  P. CN palsy 2 (8.7) 

 Munch et al. 
( 2009 ) 

 1  63  0  63  1 (100)  0  0  NR 

 Kawashima 
et al. ( 2010 ) 

 14  59.2  0  6.5  20 (95.2)  1 (4.7)  T. hoarseness/
dysphagia 4 (28) 
 P. hoarseness/
dysphagia 2 (14) 

 Kandan et al. 
( 2010 ) 

 15  52.5  0  4  14 (93.3)  1 (6.7)  T. hoarseness/
dysphagia 4 (28) 
 P. hoarseness/
dysphagia 2 (14) 

 Ma et al. ( 2010 )  4  61.5  0  2  4 (100)  0 
 Gaul et al. 
( 2011 ) 

 18  54.5  0  NR  16 (88.9)  1 (5.5)  1 (5.5)  T. IX/X CN defi cit 6 
(33.3) 

 Martínez- 
González et al. 
( 2011 ) 

 7  58  0  NR  7 (100)  NR 

 Xiong et al. 
( 2012 ) 

 21  50.4  0  3.4  21 (100)  T. VIII defi cit 5 (23.8) 
 T. facial palsy 1 (4.7) 

 Wang et al. 
( 2014 ) 

 6  60.1  0  NR  4 (66)  2 (33)  0  0 

   NR  not reported,  T  transient,  P  permanent,  CSFL  cerebral spinal fl uid leakage  

  Fig. 11.1    From left to right, high-resolution T2, TOF angiography, and T1 + gadolinium MRI sequences showing neu-
rovascular confl ict between the IXth nerve ( arrow head ) and posterior inferior cerebellar artery [PICA] ( arrow )       

 

M. Sindou and J. Chen



141

the arteries and veins, and 3D TOF angiography 
to differentiate the arteries from veins. As a mat-
ter of fact, the later sequence preferentially, if not 
exclusively, shows vessels with high velocity, 
i.e., the arteries, in almost an exclusive way when 
a superior band of presaturation fi lter is put to 
mask veins. 

 The main complication of MVD after surgery 
is hearing loss. As demonstrated by intraopera-
tive BAEP recordings, principal cause is stretch-
ing of cochlear nerve due to lateral-to-medial 
retraction of the cerebellar hemisphere, 
Therefore, approach of the IXth–Xth REZ should 
be from below, passing inferolaterally to the cer-
ebellar hemisphere and tonsil, i.e., following an 
infrafl occular trajectory along the cerebellomed-
ullary fi ssure. The lesser the exposure of the 
cochleovestibular nerve complex, the better for 
hearing preservation. Figure  11.3  shows a sche-
matic anatomic drawing of the lower part of the 
cerebellopontine angle, approached via an infra-
fl occular trajectory. Our current approach is as 
follows.

   Under general anesthesia, the patient is 
placed in the contralateral decubitus position, 
the head in a three-pin holder, slightly fl exed 
and rotated 15° toward the contralateral side. 
The neck is fl exed to the contralateral side to 

access the retrocondylar region without view 
obstructed by the shoulder, but not too much to 
avoid stretching of the brachial plexus espe-
cially in patients with a gracile neck. The ipsi-
lateral shoulder is taped and moderately pulled 
caudally and posteriorly. Hair is shaved in the 
retromastoid region. Then mastoid borders are 
identifi ed by palpation with the index fi nger and 
landmarks of craniectomy drawn posteriorly to 
the tip of the mastoid process (Fig.  11.4 ).

   The skin incision – 5 cm in length – is made 
obliquely, 1 cm medial to the bisector of the angle 
formed by the nuchal line and the posterior aspect 
of the mastoid process. The underlying subcuta-
neous tissue and muscles are divided using elec-
trocautery, not too extensively to avoid damaging 
the occipital nerve. If the occipital artery is 
encountered, which is frequent with this 
approach, it is divided between two silk ligatures. 
The posterior aspect of the mastoid process 
together with the digastric groove and the retro-
condylar fossa are cleared of soft tissue. The 
mastoid emissary bony vein is obliterated fi rst 
with a small pledget of Surgicel and then waxed. 

 Then, a retromastoid craniectomy of the key-
hole type is performed, posterior to the tip of the 
mastoid process, next to the retrocondylar fossa, 
with a semilunar shape of 2 cm in length and 

  Fig. 11.2    T2 high-resolution MRI sequence 
showing the IXth nerve ( arrow head ) compressed 
by vertebrobasilar artery ventrally ( small arrow ) 
and posterior inferior cerebellar artery vascular 
loop dorsally ( large arrow )       
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1.5 cm in width, just posterior to the sigmoid 
sinus. Goal is to expose the inferolateral aspect 
of the cerebellum and in the depth cistern of the 
IXth and Xth nerves. The burr hole must not be 
turned too laterally onto the sigmoid sinus as this 
could endanger the external wall of the sinus, 
which is often reduced to a thin endothelial layer 
adhesive to the bone. If bleeding occurs, suturing 
would not be possible owing to its friable tex-
ture. Use of a Doppler microprobe may help in 
detecting the posterior border of the sigmoid 
sinus. If mastoid cells are opened – which is 

common – they are occluded by affi xing a piece 
of subcutaneous tissue, e.g., fat plus aponeurosis 
(fascia lata harvested from the thigh). The dura 
is opened by making a small fl ap retracted along 
the sigmoid sinus. A self-retaining retractor – of 
the Yasargil type – mounted with a very thin 
blade (Sugita- Fukushima type) is placed on the 
inferolateral aspect of the cerebellum. No vein 
is on the way, excepted sometimes a (tiny) infe-
rior petrosal vein that can be coagulated and 
divided without consequence, at least in our 
experience. 

  Fig. 11.4    Keyhole (retromastoid, retrosigmoid, 
infrafl occular) approach for vagal and 
glossopharyngeal nerve microvascular 
decompression ( right side ). Landmarks of  M  
mastoid tip,  T  transverse,  S  sigmoid sinus,  I  skin 
incision, and  C  keyhole craniectomy       

  Fig. 11.3    Schematic view of lower part of 
cerebellopontine angle with lower cranial nerves 
( IXth ,  Xth ,  XIth ), on the right side. Approach via 
infrafl occular ( F ) trajectory. Note choroid plexus 
( ch ) covering the IXth–Xth REZ       
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 Then microscope is installed; and microsurgi-
cal steps start (Fig.  11.5 ). After incision of the 
arachnoid from XIth up to VIIIth nerve, the 
nerves are approached inferolaterally to the ton-
sil, to reach their root entry/exit zones (REZ) at 
the ventrolateral aspect of the medulla. REZ are 
often covered by the choroid plexus emerging 
from the lateral foramen of Luschka that must be 
gently retracted to expose REZ and vessels at the 
brainstem.

   Not infrequently arachnoid is found thickened 
and strongly adhesive to the IXth–Xth rootlets. 
Dissection of rootlets needs to be meticulous, 

sometimes one by one, and as atraumatic as 
 possible. Arachnoid chordae have to be divided 
using fi ne microscissors to free rootlets from ves-
sels. Their sharp dissection should be completed 
before their mobilization. 

 The compressive vessels are the posterior 
inferior cerebellar artery (PICA), the vertebro-
basilar artery (VBA), and frequently the associa-
tion of both. Compression is most often ventral to 
the rootlets, which implies that maneuvers on the 
confl icting vessels be done passing in between 
rootlets at several interspaces. During mobiliza-
tion of the compressive artery(ies), care should 

a b

c d

  Fig. 11.5    Patient affected with a right vagoglossopharyngeal 
neuralgia due to a posterior inferior cerebellar artery (PICA); 
infra- and latero-fl occular microsurgical approach on the right 
side. ( a ) Shows the offending vessel PICA ventral to the root 
entry zone of the IXth ( asterisk ) and the Xth ( triangle ) nerves, 
note the atrophic and grayish aspect of the IXth and Xth root-

lets testifying of focal demyelination. ( b ) Shows the compres-
sive PICA ( star ), ventro-caudally to the IXth and Xth rootlets. 
( c ) Shows dissection and freeing of the rootlets from the PICA 
loop. ( d ) Shows Tefl on felt bundle ( T ) maintaining artery 
apart from REZ of IXth and Xth rootlets       
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be taken to respect their tiny perforating collater-
als and not to generate vasospasm. 

 Throughout vascular manipulations, gentle 
irrigation with saline and, time to time, applica-
tion of a few drops of papaverine in solution 
(1 ml in 10 ml saline) are important measures to 
limit the mechanical vasospastic reactions. 
However, not too much of papaverine should be 
used because of its very acid PH. 

 After the offending artery(ies) has(have) been 
dislodged from its(their) confl icting situation, 
often marked by an invagination into the ventro-
lateral surface of the medulla, the vessel(s) 
has(have) to be maintained apart in such a way 
not to go back to the previous compressive 
location. 

 In cases when arterial loops have a suffi cient 
laxity, transposition is relatively easy. The loop is 
kept apart by means of sling(s), approximately 
3–4 cm in length and 2–3 mm in width, made of 
shredded fi bers of Tefl on Felt, passed around the 
artery to exert a pulling effect, and blocked to 
avoid recurrence of malposition. Conversely, in 
cases where the compressive vessel is rigid, 
transposition is usually rather diffi cult. The ves-
sel cannot simply be pulled away. A small piece 
of semirigid prosthesis (Dacron or Tefl on) and/or 
a small balled cushion of Tefl on fi bers is inter-
posed between the REZ of the brainstem and the 
artery. Care must be taken not to exert any “neu-
rocompressive effect”. 

 Before the microscope is taken out, the sur-
geon must verify that arteries have no kinking or 
twisting. Irrigation of the vessels with warm 
saline and a few droplets of papaverine in solu-
tion is a wise precaution to suppress possible 
spasms due to surgical manipulations. Venous 
hemostasis is checked by asking the anesthesiol-
ogist to perform sustained digital compression at 
the neck of both jugular veins or, if this is not 
possible, by carrying out a Valsalva maneuver 
with the ventilation machine. 

 Then the dura is closed either with single 
stitches or to better achieve watertight closure 
with a small patch of fascia lata. Additional fatty 
tissue is affi xed onto the mastoid cells if opened. 
Bone chips are packed over the craniectomy 
defect only if no mastoid cells were opened. 

Finally, the muscular, subcutaneous, and cutane-
ous layers are closed with interrupted sutures and 
a compressive dressing is applied to avoid pseu-
domeningocele and decrease the risk of cerebro-
spinal fl uid fi stula or of rhinorrhea through the 
Eustachian tube if mastoid cells were opened.  

11.4.2.2     Results of the Authors’ 
Series 

 In our series of 36 MVD for VGPN, there was 
complete pain relief in the long-term follow-up, 
i.e., with more than 2 years of follow-up, in more 
than 94.4 % of the cases. There was no mortality, 
no general morbidity, and no wound complica-
tion. As regards to neurological outcome, there 
was no postoperative permanent defi cits, except 
two cases with a disabling IXth–Xth sensory and 
motor defi cits.   

11.4.3     Treatment with Lesioning 
Techniques 

 Lesioning techniques for treating idiopathic 
VGPN should not be fi rst option. A summary of 
them is given in the following section. 

11.4.3.1     Intracranial Rhizotomy 
 The fi rst attempted procedures for treating VGPN 
were the extracranial section of the glossopha-
ryngeal nerve (Sicard and Robineau  1920 ), soon 
after the avulsion of the nerve at the jugular fora-
men via a high cervical approach (Adson  1924 ). 
On account of a high morbidity and a high inci-
dence of recurrence of pain, these methods were 
not long propagated. It was Dandy in 1927 who 
gave the explanation of the low effi cacy of the 
extracranial procedure and popularized the intra-
cranial section of the glossopharyngeal nerve 
(Dandy  1927 ). Table  11.2  includes the series of 
patients who underwent rhizotomy of the IXth 
and/or Xth cranial nerves.

11.4.3.2       Percutaneous RF 
Thermocoagulation 

 The fi rst percutaneous radiofrequency (RF) ther-
mocoagulation procedures for VGPN were 
reported in 1974 (Lazorthes and Verdie  1979 ). 
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   Table 11.2    Literature series with intracranial rhizotomy of IXth and/or Xth cranial nerves, from 1931 to 2014   

 Authors and 
Year 

 No. of 
patients 

 Mean 
age 
(years) 

 Deaths 
(%) 

 Mean 
follow-up 
(years) 

 Total 
relief (%) 

 Partial 
relief (%) 

 No 
relief 
(%) 

 Complication 
(%) 

 Jefferson 
( 1931 ) 

 1  34  0  1.25  1  0  0 

 Keith ( 1932 )  1  46  0  10 days  1  0  0 
 Reichert 
( 1933 ) 

 1  31  0  0.33  1  0  0 

 Lillie and 
Craig ( 1936 ) 

 1  15  0  6 weeks  1  0  0 

 Cuneo ( 1943 )  1  33  0  NR  1  0  0 
 Svien et al. 
( 1957 ) 

 1  37  0  0.5  1  0  0  0 

 Bohm and 
Strang ( 1962 ) 

 4  48  0  5  2  2  0 

 Laha and 
Jannetta
(  1977 ) 

 3  59.3  0  3  3 (100)  0 

 Jannetta 
( 1980 ) 

 2  30-69  0  NR  2 (100)  Decreased 
palatal and gag 
refl ex 2 (100 %) 

 Rushton et al. 
( 1981 ) 

 129  NR  7  NR  110 
(85.3) 

 13 
(10) 

 King ( 1987 )  2  29  0  1.6  1  1  0 
 Fraioli et al. 
( 1989 ) 

 3  62.3  0  NR  3 (100) 

 Sindou et al. 
( 1991 ) 

 3  66  0  3.5  3  0  0  0 

 Ferrante et al. 
( 1995 ) 

 2  63.5  0  6.5  2  0  0 

 Taha and Tew 
( 1995 ) 

 12  42.7  0  10  12 (100)  T. dysphagia 2 
(16.7) T. 
hoarseness 1 
(8.3) 
 P. dysphagia 1 
(8.3) 
 T. cough 3 (25) 

 Ceylan et al. 
( 1997 ) 

 2  55.5  0  2  2 (100)  Diminished gag 
refl ux 2 (100) 

 Ozenci et al. 
( 2003 ) 

 1  51  0  NR  1  0  0  0 

 Lou et al. 
( 2008 ) 

 12  NR  0  15 months  11  1  0 

 Kandan et al. 
( 2010 ) 

 6  52.5  0  4  5 (83.3)  1 (16.7) 

 Ma et al. 
( 2010 ) 

 3  61.5  0  2  2  1  0  0 

 Martínez- 
González 
et al. ( 2011 ) 

 3  60  0  NR  3  0  0 

 Zhang et al. 
( 2014 ) 

 8  48.2  0  9–39 months  7  1  0  0 

   NR  not reported,  T  transient,  P  permanent  
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Compared to the procedure for trigeminal neural-
gia, it is far more diffi cult to perform it on the 
IXth–Xth sensory nerves due to their location 
and the high risk of lesioning the adjacent ves-
sels, namely, the jugular vein and the internal 
carotid artery. Because of the high incidence of 
side effects, such as a diminished gag refl ex, dys-
phagia, and vocal cord paralysis, Tew recom-
mended that this procedure be reserved for 
patients whose condition is secondary to cancer 
of the oropharynx (Taha and Tew  1995 ; Tew et al. 
 1982 ). Table  11.3  includes the series of patients 
who underwent percutaneous RF thermocoagula-
tion of the ninth and/or tenth cranial nerves. 
Whereas craniotomy with posterior fossa explo-
ration had a signifi cant mortality rate in some 
series, reported mortality with percutaneous RF 
rhizotomy was none. However, complications 
were frequently noticed including cardiovascular 
disturbances occurring during the procedure (Ori 
et al.  1983 ).

11.4.3.3       Trigeminal 
Tractotomy-Nucleotomy 

 Trigeminal tractotomy, defi ned by the section 
of the descending trigeminal tractus in the 
medulla via posterior fossa craniectomy, was 
fi rst described by Sjöqvist in  1938 . Kunc 
applied this method to treat glossopharyngeal 
neuralgia in six patients in 1954 (Kunc  1965 ); 
for doing so, he used a simple light mechanical 
stimulation with a thin needle to localize the 
target fi bers and called it “selective tractot-
omy.” Later on the method was revisited by 
others with technical modifi cations (Crue et al. 
 1972 ; Hitchock and Schvarcz  1972 ; Nashold 
et al.  1992 ). More recently Kanpolat et al. 
developed the CT-guided trigeminal tractot-
omy-nucleotomy which has more accuracy and 
safety; this method is mainly applied to treat 
intractable facial pain and malignant pain 
(Kanpolat et al.  1998 ,  2008 ). Literature data 
are summarized in Table  11.4 .

   Table 11.3    Literature series of percutaneous RF thermocoagulation of IXth or Xth from 1965 to 1991   

 Authors and 
Year 

 N. of 
patients 

 Mean 
Age 
(years) 

 Deaths 
(%) 

 Mean 
follow-up 
(years) 

 Total 
relief (%) 

 Partial 
relief (%) 

 No 
relief 
(%)  Complications (%) 

 Lazorthes and 
Verdie ( 1979 ) 

 1  45  0  NR  1 (100) 

 Isamat et al. 
( 1981 ) 

 3  57  0  1.6  3 (100)  0  0 

 Salar et al. 
( 1983 ) 

 1  NR  0  0.6  1 (100) 

 Oris (Ori et al. 
 1983 ) 

 1  34  0  NR  1 (100) 

 Giorgi and 
Broggi (  1984 ) 

 9  54.7  0  NR  6 (67)  3 (33)  P. dysphagia 1 
(11.1 %) 

 Arias ( 1986 )  2  60.5  0  1.5  2 (100)  0 
 Sindou et al. 
( 1991 ) 

 3  66  0  3.5  2 (67)  1 (33)  0 

   NR  not reported,  P  permanent  

   Table 11.4    Literature series with trigeminal tractotomy-nucleotomy from 1961 to 1998   

 Authors and 
Year 

 N. of 
patients 

 Mean 
age 
(years) 

 Deaths 
(%) 

 Mean 
follow-up 
(years) 

 Total 
relief (%) 

 Partial 
relief (%) 

 No 
relief 
(%)  Complications (%) 

 Bues ( 1961 )  7  NR  0  NR  7 (100) 
 Kunc ( 1965 )  6  65  0  NR  6 (100)  0 
 Kanpolat et al. 
( 1998 ) 

 6  50.5  0  49.5 m  6 (100)  0 

   NR  not reported  
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11.4.3.4       Stereotactic Radio Surgery 
 Stereotactic radio surgery (SRS) was intended to 
provide a solution for those who cannot tolerate 
or who refuse open intervention. Dhople AA in 
2009 reported a study which owns one of the lon-
gest median follow-up periods (Dhople et al. 
 2009 ); the lesion maker was Gamma Knife. 
Targets can be REZ, cistern segment, or pars ner-
vosa of the jugular foramen (i.e., vagoglossopha-
ryngeal meatus) (Lévêque et al.  2011 ), with a 
dose ranging from 60 to 80 Gy (Pollock and Boes 
 2011 ). Literature data are summarized in 
Table  11.5 .

   Although rate of pain relief after 1-year of 
follow-up was lower with SRS (64 %) than with 
MVD (84 %), SRS may be considered a potential 
viable option.    

11.5     Discussion and Conclusions 

 In spite of important disparities between reports 
collected for the present literature review on neu-
rosurgical procedures for treating VGPN, and 
lack of precisions for some of the publications, 
the following may be concluded. 

 Rhizotomies, whatever their type, open or per-
cutaneous, basically produce sensory defi cits 
responsible for disabling dysphagia and hoarse-
ness; rhizotomies should not be the fi rst option. 
Tractotomies-nucleotomies, due to their potential 
risks linked to brainstem location, should remain 
exceptionally indicated for essential VGPN. SRS, 

recently introduced for VGPN, needs more long- 
term studies to confi rm effi cacy and innocuity. 

 Because of its curative and conservative 
nature, MVD should be proposed as the fi rst 
option, when high-resolution MR imaging evi-
dences clear-cut neurovascular confl ict at the 
IXth–Xth cranial nerve REZ. Being a delicate 
surgery, MVD should be performed within the 
frame of a well-experienced neurosurgical team.     
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      Intraoperative Monitoring                     

     Shi-Ting     Li     and     Ting-Ting     Ying   

    Abstract  

  This chapter provides an overview of the tests that constitute the tools in 
intraoperative neurophysiology of cranial nerves. The general introduction 
and equipment of monitoring are described. This chapter gives a practical 
presentation of each neurophysiological method regarding the following: 
(1) the principle on which it is based, (2) the methodology for stimulation 
and recording, (3) the intraoperative interpretation, and (4) the various 
types of anesthetics and their effects on neurophysiological monitoring. At 
the end of the chapter, a detailed example of the combined use of intraop-
erative monitoring for MVD surgery is discussed.  

  Keywords  

  Intraoperative monitoring   •   Cranial nerve   •   Evoked potentials   • 
  Electromyography   •   ZLR   •   F wave   •   Blink refl exes   •   Anesthetics  

12.1         Introduction 

 With the rapid developments in neuroscience, 
intraoperative neurophysiological monitoring 
(IOM or IONM), as a new and exciting fi eld, 
has grown rapidly over the past two decades. 
IOM is gradually becoming part of standard 
medical practice, for it can provide informa-
tion regarding the functional integrity of the 
nervous system of a patient who is  anesthetized 

and therefore cannot be neurologically exam-
ined. Common IOM techniques include 
 electroencephalography (EEG), electromyog-
raphy (EMG), evoked potentials (EPs), and 
nerve conduction velocity (NCV). 

 Cranial nerves are at risk of being injured 
during various kinds of neurosurgical opera-
tions. By offering early detection of reversible 
neurophysiological dysfunction during surgery, 
neuro- monitoring can provide prognostic infor-
mation about clinical outcomes and prevent the 
occurrence of permanent neurological damage. 
Neurophysiological methods are increasingly 
used for diagnostic support in operations such as 
those involving peripheral nerves. In certain 
operations, intraoperative neurophysiology can 
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increase the likelihood of achieving the 
 therapeutic goal of an operation. Intraoperative 
 neurophysiological recordings have shown to be 
of help in identifying the offending blood vessel 
in a cranial nerve disorder (hemifacial spasm, 
HFS) (Moller and Jannetta  1986 ).  

12.2     Equipment and Electrodes 

 The choice of equipment for intraoperative moni-
toring is very important. The equipment should 
have several desirable features which, although 
not absolutely necessary for routine clinical 
recordings, are of special importance for intraop-
erative recordings. For instance, it should allow 
for simultaneous multimodality recordings, such 
as EMG and evoked responses, to meet the needs 
of specifi c operations. A typical system includes 
one or more programmable devices that can 
deliver auditory, visual, and electrical stimuli of 
variable amplitude, duration, and rate; various 
types of electrodes for delivering electrical stim-
uli and for recording electrophysiological activ-
ity from the scalp, nerves, and muscles; a head 
box for selecting among different electrode 
groups to be connected to the amplifi ers; a set of 
amplifi ers; a display monitor; a printer; and often 
a modem or network connection for remote mon-
itoring (Zouridakis and Papanicolaou  2000 ). All 
parts are connected to a computer which, depend-
ing on the kind of recordings, controls stimulus 
delivery, data collection, fi ltering, averaging, dis-
play, printing, as well as remote transmission and 
permanent storage of the data (Zouridakis and 
Papanicolaou  2000 ). However, it should allow 
modifi cations in the recording protocol and dis-
play parameters, if necessary, thus permitting fast 
interpretation of the results. 

 There are several types of stimulation elec-
trodes for both stimulation and recording, includ-
ing stick-on electrodes, metal cup electrode, 
subdermal needles, corkscrew electrode, and 
metal probes, which can be monopolar or bipolar. 
The effi ciency of stimulus delivery or recording 
is determined by selection of the appropriate 
electrode type and its correct placement. 

 The subdermal needles are more practical in 
the operating room as they can be applied 
quickly after the patient has been anesthetized 
without the need for skin preparation. They are 
usually easy to secure and provide stable and 
steady low electrode-skin impedances. If pos-
sible, the addition of more “redundant” elec-
trodes at both recording and ground sites can be 
useful in case electrodes get dislodged during 
surgery.  

12.3     The Effects of Anesthetics 
on Intraoperative 
Neurophysiology Studies 

 Various types of anesthetics were found to affect 
neurophysiology studies used in intraoperative 
monitoring because of the effects they have on 
cerebral blood fl ow, perfusion, and metabolic 
rate. General anesthesia consists of several com-
ponents, including analgesia (suppression of 
response to pain), sedation (induction of sleep), 
amnesia (suppression of recollection of the intra-
operative experience), and muscle relaxation 
(suppression of muscle contraction). It may also 
include hypotension (decreased blood pressure) 
and hypothermia (decreased body temperature) 
which might also affect the neurophysiological 
signals (Zouridakis and Papanicolaou  2000 ). 
Thus, interpretation of all neurophysiological 
recordings should always take into account the 
effects of changes in anesthesia regime which are 
very similar to the changes from surgical inter-
vention. Pulse oximetry, ECG, arterial blood 
pressure, capnography, body temperature, and 
muscle twitch response should be routinely mon-
itored and recorded during the surgeries. 
Communication with the anesthesiologist is very 
critical. Successful neurophysiological intraop-
erative monitoring requires a team approach 
between the anesthesiology, surgical, and NIOM 
teams (Galloway et al.  2010 ). A detailed discus-
sion of the various types of anesthetics and their 
effects on neurophysiological monitoring will be 
described at the end of each method of 
monitoring.  
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12.4     Monitoring Techniques 
and Exclusionary Criteria 

12.4.1     Brain Stem Auditory Evoked 
Potentials 

 Hearing loss (HL) is one of the most common 
complications after microvascular decompres-
sion (MVD) (Møller and Møller  1989 ; Samii 
et al.  2002 ). 

 Brain stem auditory evoked potentials 
(BAEPs) monitoring, also named auditory brain 
stem responses (ABRs), has been widely used as 
a classical and noninvasive technique to reduce 
the risk of hearing impairment with surgery in the 
region of the cerebellopontine angle (CPA), 
including MVD (López  2004 ). The normal 
BAEPs consist of 5–7 vertex-negative peaks that 
occur between 2 and 10 ms after the presentation 
of a high-intensity transient sound such as a click 
or a short, high-intensity tone burst (Fig.  12.1 ). 
Specifi c anatomic locations have been proposed 
as the predominant source for the generation of 
each of these waveforms: wave I, distal auditory 
nerve; wave II, cochlear nucleus and proximal 

auditory nerve; wave III, superior olivary nucleus 
(lower pons); wave IV, lateral lemniscus; wave V, 
inferior colliculus; wave VI, medial geniculate 
body; and wave VII, auditory radiations. In addi-
tion to refl ecting the conduction in the auditory 
pathways, BAEPs also provide valuable informa-
tion about the general function of the brain stem.

   The cochlear nerve may be damaged for the 
following reasons during the surgery: (1) stretch-
ing of the cochlear nerve while retracting the cer-
ebellum, (2) manipulation of the labyrinthine 
artery and/or the anteroinferior cerebellar artery, 
(3) direct trauma by instruments or a nearby 
coagulation, and (4) new compression of the 
cochlear nerve at end of surgery by the interposed 
Tefl on between the compressive vessel and the 
VIIth-cochlear nerve complex (Polo et al.  2004 ; 
Sindou  2005 ). During BAEP monitoring, careful 
assessment of the changes in the pattern of 
BAEPs and analysis of their relationship to the 
surgical maneuvers applied should determine 
whether the changes refl ect damage to or poten-
tially reversible dysfunction of the auditory path-
ways in the ear, auditory nerve, or brain stem. 
Thus, this test can be used in surgical procedures 
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  Fig 12.1    Typical recording of brain stem auditory evoked potentials       
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such as microvascular decompression of the 
facial nerve or trigeminal nerve or tumor removal 
at CPA. 

12.4.1.1     Stimulation and Recording 

  Stimulation     Sound stimulus is delivered 
through miniature electromagnetic earphones 
inserted in the ear canals and secured though 
sponge (molded foam) ear inserts connected to a 
transducer by plastic tubing. Dislodgment or 
kinking of this tubing can lead to complete 
absence of all BAEP components or reduction in 
amplitudes and delay in latencies.  

  Sound Intensity     Clicks of alternating polarity 
are commonly used for intraoperative monitoring 
to cancel the stimulus artifact. Usually, the stimu-
lus intensity needed is at or above 70 dB nHL, but 
higher intensities are often needed if there is a 
preexisting hearing loss.  

  Stimulus Rate     To eliminate contamination with 
electrical artifacts, exactly 10 Hz or multiples of 
the used power frequency should be avoided. 
Usually, a rate between 20 and 40 Hz (e.g., 
33.1 Hz) is used, and the selected rate should be 
used consistently for the rest of the surgery. In 
order to eliminate the electrical noises in the 
operating room, several hundreds of averaged tri-
als are often necessary to obtain reliable signals.  

  Recording Electrodes and Band Pass     Electrode 
placement follows the EEG 10–20 international 
system. The standard setup of recording elec-
trodes should positioned as follows: Channel (1) 
vertex to ipsilateral earlobe/mastoid (Cz-Ai/Mi) 
and Channel (2) vertex to contralateral earlobe/
mastoid (Cz-Ac/Mc). Two additional channels 
could also be used: Channel (3) ipsilateral ear-
lobe/mastoid to contralateral earlobe/mastoid 
(Ai-Ac or Mi-Mc) and Channel (4) vertex to non- 
cephalic reference (Cz-Nc), e.g., vertex to cervi-
cal (Cz-Cv2). Typical fi lter settings are a 
low-frequency fi lter of 100 Hz and a high- 
frequency fi lter of 3 kHz. As BAEPs are of very 
short latencies and small amplitudes, time base of 
1 ms (sweep of 10 ms) and sensitivity of 0.1–0.2 
uV/division are used.   

12.4.1.2     Intraoperative 
Interpretation 

 A set of baselines should be obtained after anes-
thesia induction and patient positioning. Baseline 
responses should contain clear and reliable com-
ponents and also be compared with throughout 
the surgery using the same acquisition and stimu-
lus parameters. 

 As with the 2006 criteria published by the 
American Clinical Neurophysiology Society for 
recording standard BAEPs, analysis typically 
involves monitoring for the presence of waves I, 
III, and V. The measurements must include the 
following: (1) wave I peak latency, (2) wave III 
peak latency, (3) wave V peak latency, (4) I–III 
interpeak interval, (5) III–V interpeak interval, 
(6) I–V interpeak interval, (7) wave I amplitude, 
(8) wave V amplitude, and (9) wave IV–V/I 
amplitude ratio (Society  2006 ). 

 Traditionally, the most important criterion 
involves the latency and the amplitude of peak 
V. Some authors have suggested that a latency 
prolongation of as little as 0.5 ms of the wave V 
is signifi cant (Acevedo et al.  1997 ). It has been 
found that a reduction of amplitude more than 
50 % in wave V was a stronger indicator of 
hearing than latency (Hatayama and Mollar 
 1998 ; Legatt  2002 ; Jo et al.  2011 ). However, 
Polo et al. ( 2004 ) reported that the I–V inter-
peak latency, or the latency of wave V, was an 
effective and predictive indicator of postopera-
tive hearing, whereas others have suggested that 
hearing loss occurs when wave V is completely 
lost (Schlake et al.  2001 ; Lee et al.  2009 ). It has 
been also proposed that patients with HL had 
higher rates of loss in the amplitude of wave V 
and prolongation in the interpeak latency of 
peaks I–V during MVD (Ying et al.  2014 ). The 
criteria for signifi cant intraoperative BAEP 
change are still not universally accepted. It has 
been suggested that no single value can be used 
to either predict when hearing will be preserved 
or lost, and a sliding scale approach should be 
used (Polo et al.  2004 ).  

12.4.1.3     Anesthesia Requirements 
 The effects of various drugs most commonly 
used in anesthesia on the BAEPs are summarized 
and listed in Table  12.1 .
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12.4.2         Brain Stem Trigeminal Evoked 
Potentials 

 The trigeminal somatosensory system, which 
provides sensation to the face and the anterior 
two-thirds of the tongue, can be monitored using 
standard SSEPs. It has been shown that monitor-
ing of SSEP is useful in intraoperative monitor-
ing of the medulla oblongata and in trigeminal 
rhizotomy in patients with trigeminal neuralgia 
in whom it may be of value to monitor neural 
conduction in the trigeminal nerve (Stechison 
and Kralick  1993 ). Recordings from electrodes 
on the scalp can be used for monitoring the 
ascending trigeminal sensory pathways when 
elicited by electrical stimulation of the peripheral 
trigeminal nerve. 

12.4.2.1     Stimulation and Recording 

  Stimulation Sites     Stimulation of the trigeminal 
nerve is performed with needle electrodes intro-
duced subcutaneously into the upper (anode) and 
lower (cathode) lips (Malcharek et al.  2011 ).  

  Stimulation Intensity and Rate     Each set of 
the BTEP was stimulated with 300 trials to 
confi rm the repeatability of the obtained corti-
cal response. The frequency of the stimulation 
was 4.7 Hz, and the duration of each stimulus 
was 0.2 ms. The polarity of the stimulation was 
alternating to avoid large baseline shifts. The 

intensity of stimulation during each set of trials 
varied from 7 to 16 mA (Malcharek et al. 
 2011 ).  

  Recording Electrodes and Band Pass     The cor-
tical response is recorded from electrodes situ-
ated at the scalp. Recordings were performed 
with needle electrodes placed at C5 or C6 (the 
contralateral side of the scalp) with Fpz as refer-
ence, according to the International 10/20 system 
(Malcharek et al.  2011 ). The waveform pattern 
was maintained irrespective of whether the refer-
ence site was Fpz or Cv7 (Fagade and Wastell 
 1990 ). Signals are fi ltered with band-pass fi lter 
from 0.1 to 1000 Hz. Sampling rate is 5000 Hz.   

12.4.2.2     Intraoperative 
Interpretation 

 Short-latency, negative components elicited by 
electrical stimulation of branches of the trigemi-
nal nerve have latencies of 0.9, 1.6, and 2.6 ms 
when recorded from the trigeminal nerve where it 
enters the brain stem (Stechison and Kralick 
 1993 ). These potentials represent neural activity 
in the trigeminal nerve, not in any other rostral 
structures, and such recordings can, thus, only be 
used to monitor the trigeminal (sensory) nerve 
(Oikawa et al.  2000 ). Long-latency components 
are also followed. Latencies and amplitudes of 
the N13 and P19 peaks were measured (Malcharek 
et al.  2011 ) (Fig.  12.2 ).

   Different trigeminal evoked potentials showed 
signifi cantly increased latencies and statistically 
signifi cant threshold elevations on the affected 
sides (Bennett and Jannetta  1983 ); tSSEP could 
represent a fast and safe way of determining tri-
geminal afferent function in a laboratory setting 
(Adamec et al.  2014 ). 

   Table 12.1    Effects of anesthetic agents on BAEP ampli-
tude and latency   

 Agent  Amplitude  Latency 

 Nitrous oxide (N 2 O)  ↓  – 
 Inhalational anesthetics  –  ↑ 
 Propofol  –  ↑ 
 Barbiturates  –  ↑ 
 Ketamine  –  ↑ 
 Opiates  –  – 
 Benzodiazepines  –  – 
 Muscle relaxants  –  – 

  Hypothermia increases the latency and decreases the 
BAEP amplitude, whereas hyperthermia decreases the 
amplitude and the latency of the responses (Markand et al. 
 1987 )  

N13
N27

2.5uV

10ms

P19

  Fig 12.2    Characteristic wave of trigeminal SSEP under 
general anesthesia       
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 A signifi cant difference in BTEP latencies 
was found between the normal side and the 
affected side before the surgery. While in the 
patients who were released from pain after the 
MVD, the BTEP latencies of the two sides did 
not differ signifi cantly (Vriens and Pasman 
 1994 ). The latencies after MVD became shorter 
than before the surgery, and the intensity of stim-
ulation necessary to reach the threshold was 
lower after the surgery (Adamec et al.  2014 ).   

12.4.3     Somatosensory Evoked 
Potentials of Upper Extremity 

 Somatosensory evoked potentials (SSEPs) can be 
elicited by electrical stimulation of a peripheral 
nerve, such as the median/ulnar nerve at the wrist 
or the posterior tibial nerve at the ankle. It is used 
intraoperatively to monitor blood perfusion of the 
cortex or the spinal cord and the structural and 
functional integrity of peripheral nerves and spi-
nal nerve roots. 

 Injury of the brachial plexus secondary to 
malposition of the patient during surgery is a sig-
nifi cant perioperative problem and one of the 
common complications after MVD. In most 
cases, damage to the plexus can be prevented by 
monitoring the SSEPs generated in this region 
elicited by stimulation of the ulnar nerve and the 
median nerve. 

12.4.3.1     Stimulation and Recording 

  Stimulation Sites     Stimulation to the upper 
extremity is delivered to the median or ulnar 
nerve at the wrist. Stimulation to the lower 
extremity is delivered to the posterior tibial nerve 
at the ankle.  

  Stimulus Intensity and Rate     Typical intensity 
values are 25 mA for arm stimulation and 50 mA 
for leg stimulation. The stimulus duration is set at 
0.3 ms. A noninteger stimulation rat, such as 
4.7/5.1 Hz, is used to avoid synchronization with 
power line interference.  

  Recording Electrodes and Band Pass     The elec-
trodes are placed on the scalp on specifi c locations 
according to the 10–20 international placement 
system used in clinical applications. For upper 
extremity stimulation, recordings are taken from 
the shoulder, cervical spine, and scalp. Three corti-
cal channels (C’3-Fpz, C’4- Fpz, C’3-C’4), one 
cervical channel (Cs2-Fpz/Cs5-Fpz), and one 
peripheral channel (Erb’s ipsilateral- contralateral) 
are needed for recording the median/ulnar nerve. 
Reference electrodes may be at the forehead or 
mastoid reference sites. The optimal low fi lter set-
ting usually is 30 Hz. The optimal high fi lter set-
ting is 1500–3000 Hz. The 60 and 50 Hz notch 
fi lter should be kept off. About 300–500 stimula-
tions can produce a well- defi ned SSEP.   

12.4.3.2     Intraoperative 
Interpretation 

 The recording channel Erbi-Erbc displays the 
fi rst recorded potential as the Erb’s point or N9. 
This consists of a negative upward defl ection, 
occurring at about 9 ms after stimulation of the 
median/ulnar nerve at the wrist and represents the 
electronegativity caused by the electrical volley 
reaching the region of the EP (Chiappa  1990 ). 

 The recording channel Cs2-Fz/Cs5-Fz dis-
plays the second recorded potential, the cervico-
medullary junction potential, represented by P/
N13 complex. This potential is represented by a 
negative upward defl ection, occurring at about 
13 ms after the stimulation of the median nerve at 
the wrist. 

 The most important scalp-recorded component 
has a negative peak at about 20 cosec which is fol-
lowed by a positive peak at about 25 ms, forming 
the N20-P25 complex. The N20 probably origi-
nates from the cortical area contralateral to the 
side of stimulation (C’3-Fpz/C’4-Fpz) (Fig.  12.3 ).

   SSEPs have become an important adjunct in a 
wide range of surgical procedures. Thus, they are 
used for monitoring the function of the  large- fi ber 
sensory system during a variety of surgical pro-
cedures that could result in its damage. A greater 
than or equal to 50 % decrease in SSEP ampli-
tude and/or a greater than or equal to 20 % 
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increase in latency is considered as signifi cant 
change to produce potential postoperative neuro-
logical defi cit. Amplitudes of the different com-
ponents of evoked potentials are more susceptible 
to random changes than are the latencies of spe-
cifi c components. 

 During MVD surgery, the patient was placed 
in the park-bench position (lateral position with 
neck fl exed and head rotated toward the fl oor). In 
order to get a better exposure and access, the 
upper shoulder and arm were depressed and fi xed 
by means of tape attached to the shoulder and 
arm, while pronation and fl exion of the lower arm 
can compress the ulnar nerve between the table 
and the cubital tunnel. Continuous intraoperative 
SSEP monitoring of ulnar/median nerve function 
intraoperatively as an indicator of brachial plexus 
function is a valid and useful technique to mini-
mize intraoperative neurological injuries during 
MVD surgeries.  

12.4.3.3     Anesthesia Requirements 
 Inhalational anesthetics, such as isofl urane, halo-
thane, and enfl urane, all reduce the amplitude 
and increase the latency of cortical components, 
and they are directly correlated to the concentra-
tion in which such agents are administrated in a 
dose-dependent fashion (Wang et al.  1985 ; 
Onofrj et al.  1990 ). 

 Intravenous agents, propofol, benzodiaze-
pines, barbiturates, etomidate, ketamine, and opi-
ates, all affect the amplitude and latency of 
SSEPs. The effects of various drugs most com-
monly used in anesthesia on the SSEPs are sum-
marized and listed in Table  12.2 .

12.4.4         Free-Run and Triggered 
Electromyography 

 Free-run EMG (fEMG) consists of recording 
spontaneous muscle activity. In intraoperative 
neurophysiology, it helps identify motor nerve 
depolarization from surgically driven irritation, 
hopefully before irreversible damage to these 
structures had occurred. 

 Triggered electromyographic (tEMG) activity 
can be recorded from a corresponding muscle 
after direct electrical stimulation of the motor 
nerve or nerve root. These signals are also known 
as compound muscle action potentials (CMAPs). 
Thus, it can be used to identify specifi c cranial 
nerves or nerve roots that may be diffi cult to dis-
tinguish from tumoral, fi brous, and fatty tissues 
and protect structural and functional integrity of 
cranial nerves and spinal roots. 

12.4.4.1     Stimulation and Recording 

  Stimulation Sites     No stimulation is required for 
fEMG recording. It is based entirely on recording 
spontaneous and detecting irritation-driven mus-
cle activity, while an electrical stimulus directly 
on the nervous structures is required for triggered 
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  Fig 12.3    Somatosensory evoked potentials from median 
nerve stimulation are shown. Typical peaks are shown in 
each of the three recording channels       

   Table 12.2    Effects of anesthetic agents on SSEP ampli-
tude and latency   

 Agent  Amplitude  Latency 

 Nitrous oxide (N 2 O)  ↓  ↑ 
 Inhalational anesthetics  ↓  ↑ 
 Propofol  –  ↑ 
 Barbiturates  ↓  ↑ 
 Etomidate  ↓  ↑ 
 Ketamine  –  ↑ 
 Opiates: morphine, fentanyl, 
alfentanil, sufentanil 

 –  ↑ 

 Benzodiazepines  ↓  ↑ 
 Muscle relaxants  –  – 
 Hypotensive agents  ↓  ↑ 

  Hypothermia might increase the latency and slightly 
decrease the amplitude of SSEPs, while hyperthermia will 
decrease the latency and decrease the amplitude. Severe 
hypotension can also result in a drastic decrease or even 
total loss of the cervical and cortical responses  
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EMG. For cranial nerve stimulation, monopolar 
technique is generally used. With bipolar or 
monopolar handheld probe, triggered EMG can 
be done by direct electrical stimulation of the 
nerve.  

  Stimulus Intensity and Rate     The stimulation 
technique consists of delivering constant current, 
with repetitive square wave pulses of 0.1–0.2 ms, 
frequency 4 Hz, averaging 4–8 trials. Stimulus 
intensity for direct nerve or nerve root stimula-
tion is gradually increased from 0 mA until an 
EMG response is seen up to a maximum of about 
2 mA.  

  Recording Electrodes and Band Pass     For both 
these methods, electrodes are placed in the target 
muscles corresponding to the nerve of interest. 
Most commonly, pairs of monopolar needles are 
used. The muscles typically used for monitoring 
cranial nerves are listed in the table. Relatively 
wide fi lter settings are used: low-frequency fi lter 
at 5 Hz and the high-frequency fi lter at 5 kHz. 
The sweep speed is usually set at 200 ms per divi-
sion for recording continuous EMG and 2–5 ms/
division for recording electrically evoked EMG 
potentials. The sensitivity is set at 50–200 uV per 
division.   

12.4.4.2    Intraoperative 
Interpretation 

 Monitoring of both spontaneous and triggered 
EMG is strongly recommended also in microvas-
cular decompressions. Continuous recording of 
spontaneous EMG can be used to provide early 
warnings of irritation of the nerve. 

   Free-Run EMG Activity 
 During free-run EMG monitoring, muscle activ-
ity is assessed continuously during portions of 
the procedure where the associated motor nerves 
are at risk. Manipulation of motor nerves may 
elicit depolarization of motor axons which then 
activates corresponding motor units within the 
monitored muscle. The recorded motor unit 
potentials (MUPs) may exhibit a wide range of 
patterns, which are characterized and interpreted 
to understand and predict the consequence of 

 surgical actions that may elicit the activity. 
Making the EMG signal audible can greatly facil-
itate EMG monitoring, so that both the neuro-
physiologist and the surgeon can hear it. The 
following three criteria might be the signal of 
possible nerve injury: (1) sustained fi ring of a 
high- frequency train lasting for tens of seconds, 
(2) several large bursts of activity of complex 
morphology, and (3) sudden bursts of high-
amplitude spikes followed by complete silence 
(Moller  1995 ). As a general rule, greater num-
bers and higher rates of recurrent MUPs correlate 
to higher levels of nerve irritation. But in the 
extreme cases, nerve injury may occur with a 
clean transaction of the nerve; there may be no 
EMG activity (Nelson and Vasconez  1995 ).  

   Triggered EMG Activity 
 Electrical stimulus is represented by CMAPs, 
which are a sum of motor action potentials that 
arise in several muscle fi bers. During the surgery, 
the monitoring with EMG of muscles innervated 
by CNs VII, IX, and X can prevent facial palsies, 
dysphonia, and/or dysphagia (Kartush et al. 
 1991 ; Mishler and Smith  1995 ; Schlake et al. 
 1999 ; Harper  2004 ; Minahan and Mandir  2011 ; 
Singh and Husain  2011 ). Though these CN pal-
sies are usually transient, they are directly attrib-
utable to these nerves’ cauterization, pulling, 
retraction, or section that can happen during 
these procedures (Habeych et al.  2014 ). The 
identity of the cranial nerve can be resolved by 
simply determining the muscle on which a 
response has been obtained. If the same record-
ing electrode detects activity from a muscle cor-
responding to two different nerves, then the 
latency of the response will determine its origin, 
for example, identifying the trigeminal from the 
facial nerve, since stimulation of the trigeminal 
nerve elicits a CMAP onset latency ranging 
between 3.5 and 5 ms (Moller  2011 ), while facial 
nerve stimulation generally produces a CMAP 
with an onset latency between 6 and 8 ms 
(Fig.  12.4 ).

   During a surgery of CPA tumor resection, 
tEMG can be used to identify and thus avoid 
damage to the motor branch of the nerve which 
must be preserved. A baseline threshold should 

S.-T. Li and T.-T. Ying



159

be taken before the dissection. In addition to 
tEMG, continuous recording of fEMG can be 
used to provide early warnings of mechanical or 
thermal irritation of the nerve. Periodic stimula-
tion of the nerve and recording of tEMG can 
inform the surgeon of the functional integrity of 
the nerve at any given point in time and then at 
the end of the surgery, by stimulating the nerve 
proximal to the tumor fi rst. A prolonged reduc-
tion in response amplitude that is not due to peri-
surgical events, such as an increased level of 
muscle relaxation, is associated with an increased 
likelihood of postoperative muscle weakness 
(Zouridakis and Papanicolaou  2000 ; Moller 
 2011 ).   

12.4.4.3    Anesthesia Requirements 
 The level of muscle relaxation or pharmacologi-
cally induced paralysis is the most crucial factor 
affecting EMG monitoring. It is recommended 
that the patient is free of their effects during the 
time when EMG monitoring is performed, or the 
neuromuscular blocking agents should be kept to 
the minimum that the clinical situation allows. 
Inhaled anesthetic agents have little or no effect 
on EMG monitoring. Depth of muscle relaxation 
is monitored by delivering a train of four electri-
cal stimuli, with an intensity of about 25 mA, 
usually to the median or facial nerve, and mea-
suring the resulting number of muscle contrac-
tions. Zero twitches indicate complete paralysis, 
whereas at least three twitches indicate that the 
patient remains minimally relaxed or practically 
no paralysis (Zouridakis and Papanicolaou  2000 ). 
The effects of anesthesia and of the patient’s 

blood pressure and temperature must all be con-
sidered when applying EMG in the operating 
room.   

12.4.5     Abnormal Muscle Response 

 In 1985, Moller and Jannetta fi rst showed that in 
patients with hemifacial spasm, stimulation of 
one branch of the facial nerve may result in the 
activation of facial muscles innervated by other 
branches, due to the hyperexcitability of the 
facial nerve. This abnormal muscle response has 
been termed “lateral spread” or “lateral spread 
response” (LSR) and is thought to be related to 
ephaptic transmission, though the specifi c mech-
anism of lateral spread is unclear. Due to the fact 
that LSR disappears instantly in most of the 
patients when the offending vessel is moved off 
the facial nerve, monitoring the abnormal muscle 
response can guide the surgeon during MVD 
which results in a better postoperative outcome 
(Moller and Jannetta  1987 ). 

 Neuro-monitoring of the lateral spread 
response and, more specifi cally, its disappear-
ance may help predict short- and long-term suc-
cess of microvascular decompression (MVD) for 
hemifacial spasm. 

12.4.5.1    Stimulation and Recording 

  Stimulation Sites     Stimulation needle electrodes 
are most commonly placed over the temporal 
branch or the marginal mandibular branch of the 
facial nerve (Moller  1991 ).  

50uv

5ms

  Fig 12.4     Upper curve : EMG potentials recorded from electrodes placed in the masseter muscles.  Lower curve : EMG 
potentials recorded from electrodes placed in the orbicularis oculi muscles       
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  Stimulation Intensity and Rate     A single con-
stant current stimulus of 0.1–0.2 ms duration, at a 
stimulating rate of 1 Hz, is used for eliciting lat-
eral spread. Usually, a stable AMR was recorded 
at a stimulation intensity level of 5–15 mA. During 
MVD, the threshold intensity is adjusted for con-
tinuously eliciting the lateral spread. If AMR dis-
appeared, the intensity was increased up to 
50 mA for a few seconds in order to confi rm the 
permanent LSR disappearance (Moller and 
Jannetta  1986 ).  

  Recording Electrodes and Band 
Pass     Recording needles are inserted 0.5–1 cm 
apart subcutaneously into the mentalis muscle if 
the temporal branch of the facial nerve is stimu-
lated or into the orbicularis oculi muscles if the 
marginal mandibular branch is stimulated 
(Fig.  12.5 ).

12.4.5.2        Intraoperative 
Interpretation 

 With intraoperative monitoring, an AMR wave 
with a latency of around 10 ms after stimulation 
was recorded. The baseline threshold for elicit-
ing the AMR is determined, and stimulation 
may proceed near this level. When the offending 
vasculature is moved off the facial nerve, the 
LSR is known to disappear or become markedly 
attenuated (Thirumala et al.  2011 ) (Fig.  12.6 ). 
However, the AMR may dissipate before the 
MVD is performed as sometimes occurs, for 
instance, when the dura is opened. It is sug-
gested that stimulation intensity and/or rate 
should be increased in these circumstances to 
reestablish the presence of AMR (Sekula et al. 
 2009 ).

   The practical value of AMR disappearance as 
a method to evaluate MVD effi cacy is still con-
troversial (Joo et al.  2008 ). There are some 
patients where AMR does not fully disappear 
despite an apparent effective decompression and 
they are free of spasm with a delay up to 1 year 
after surgery. However, in most cases, LSR moni-
toring is an effective tool to predict outcome after 

MVD for HFS (Kong and Park  2007 ; Kim et al. 
 2010 ; Thirumala et al.  2011 ; Ying et al.  2011 ).  

12.4.5.3    Anesthesia Requirements 
 As AMR is a kind of triggered electromyographic 
response, the level of muscle relaxation played a 
very important role in the monitoring. No muscle 
relaxant is used after the induction of anesthesia.   

12.4.6     ZLR 

 ZLR was fi rst reported by Zheng et al. ( 2012 ) for 
intraoperative monitoring of HFS. It is useful 
when an AMR is absent before decompression or 
persists after all vascular compressions are prop-
erly treated. Particularly, the ZLR response may 
help neurosurgeons determine the real culprit 
when multiple offending vessels exist. 

Stim

Rec

Rec

Stim

  Fig 12.5    Placement of stimulating and recording elec-
trodes for monitoring the abnormal muscle response in 
patients with hemifacial spasm       
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12.4.6.1    Stimulation and Recording 

  Stimulation Sites     The stimulating electrode 
was placed on the offending artery wall near the 
compression site (within 5 mm) during MVD for 
hemifacial spasm (Zheng et al.  2012 ).  

  Stimulation Intensity and Rate     A single con-
stant current stimulus of 0.1–0.2 ms duration, at 
a stimulating rate of 1 Hz, is used for eliciting 
ZLR. The intensity of stimulation is 1–2 mA.  

  Recording Electrodes and Band Pass     The 
ZLR was recorded from the orbicularis oculi, 
orbicularis oris, and mentalis muscles. Needle 
electrodes are used to record ZLR from the facial 
muscles including orbicularis oculi, orbicularis 
oris, and mentalis. Filter settings are the same as 
that of the AMR.   

12.4.6.2    Intraoperative 
Interpretation 

 The ZLR looked similar to an AMR. The 
latency of ZLR is 7.3 ± 0.8 ms, which is signifi -
cantly shorter than the AMR latency (Fig.  12.7 ). 

The ZLR can only be detached on the offend-
ing artery, when more than one artery com-
pressed the facial nerve. In the majority of 
patients, in which one offending vessel com-
pressed the facial nerve at one offending site, 
ZLR and AMR provided the same information 
for the surgery: both ZLR and AMR disap-
peared immediately when the offending artery 
is removed from the facial nerve. But when 
AMR was absent from the beginning or per-
sisted after the offending vessel was transposed 
with Tefl on sponges, ZLR played a crucial role 
to identify whether there was suffi cient decom-
pression (Yang et al.  2014 ). The combination 
of AMR and ZMR might provide more useful 
information than does the AMR alone, and 
ZLR may be the only useful intraoperative 
EMG for MVD surgery in some cases (Zheng 
et al.  2012 ).

12.4.6.3       Anesthesia Requirements 
 The anesthesia requirements of ZLR monitoring 
are the same as that of AMR. No muscle relaxant 
is supposed to be used after the induction of 
anesthesia.   
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  Fig 12.6    Typical changes of AMR during MVD for HFS       

 

12 Intraoperative Monitoring



162

12.4.7     Facial F Wave 

 The F wave is an antidromic pulse that propa-
gates to an alpha motor neuron in the anterior 
horn of the spinal cord and then returns ortho-
dromically down the same axon. It is a standard 
electrophysiological means to reveal lesions in 
the proximal segments of peripheral nerves. 

 The facial F-wave fi ndings in various diseases 
involving the intracranial and intracanalicular 
portion of the nerve have recently been reported 
to demonstrate the diagnostic utility of this 
method (Wedekind and Klug  1998 ). 

12.4.7.1    Stimulation and Recording 

  Stimulation Sites     The stimulating electrodes 
are placed in proximal position over the zygo-
matic branch of the facial nerve.  

  Stimulus Intensity and Rate     The facial nerve 
was stimulated with constant current rectangular 
monophasic pulses (duration of 0.1–0.2 ms) 
transmitted transcutaneously (for extraoperative 
studies) or by subdermal needle electrodes (for 
intraoperative measurements). Stimulation fre-
quency was 1 Hz (Wedekind and Klug  2003 ). 
The stimulation strength was set to supramaxi-
mum to elicit stable M waves with minimum 
stimulus intensity (usually 3–10 mA).  

  Recording Electrodes and Band Pass     For 
recording of muscle activity, silver chloride cup 
electrodes fi lled with conducting gel were placed 
on both alae nasi to record the compound action 
potential of the pars alaris of the nasal muscle. 
These active electrodes were referenced to an 
electrode on the nose tip or the glabella (Wedekind 
and Klug  2000 ; Wedekind et al.  2001 ). F waves, 
which varied according to each stimulus, were 
analyzed for F/M amplitude ratio (i.e., the per-
centage of the peak to peak amplitude of the F 
wave to the M wave) and duration (from the ini-
tial defl ection from the baseline to the fi nal return 
of the F wave) (Ishikawa et al.  1996 ). Recordings 
were passed through a preamplifi er and amplifi er 
(100 u/div) and then fi ltered (band pass of 20 and 
3000 Hz) without averaging.   

12.4.7.2    Intraoperative 
Interpretation 

 The F waves are useful indicators of lower 
motor neuron excitability (Hai and Pan  2007 ). 
In the ipsilateral mentalis muscles, the F wave 
through stimulating the marginal mandibular 
branch of the facial nerve is also an antidromic 
pulse that propagates to the facial motor nucleus 
and returns orthodromically down the same 
axon. Thus, the F wave in facial muscles may 
indicate the excitability of the facial motor 
nucleus (Fig.  12.8 ).
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  Fig 12.7    ZLR recorded from the facial muscles when stimulating the offending artery wall       
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   Electrophysiological study demonstrated that 
the F-wave appearance is more persistent in 
patients with HFS. Neurophysiological investiga-
tions have been done in patients with HFS, and F 
wave has been recorded in facial muscles before 
and after MVD (Moller  1991 ; Ishikawa et al. 
 1997 ). It has been shown that there are signifi cant 
increased F waves in the amplitude, duration, and 
frequency in patients with HFS (Hai and Pan 
 2007 ). Immediate changes in excitability on 
facial motor nucleus are observed by monitoring 
changes in F-wave elicitability. These responses 
are monitored together with LSR, and there is 
evidence that whenever LSR disappears, F wave 
disappears as well (Fernandez-Conejero et al. 
 2012 ). 

 Intraoperative recordings of facial nerve F 
waves recorded from nasal muscles have been 
studied as an effective measure of facial nerve 
function in surgery. In the surgery of CPA tumors, 
facial F-wave monitoring provides continuous 
and valid real-time information concerning the 
functional status of the nerve under the strain of 
dissection. Intraoperative F wave changes closely 
parallel the actual strain exerted on the nerve. 
Intraoperative monitoring of F waves further 

 provides a feature (transient loss of the F wave) 
which heralds an imminent danger of severe 
facial dysfunction to occur. Wedekind et al. 
( 2001 ) have investigated the use of F waves dur-
ing vestibular schwannoma resection and report 
that a permanent loss of F-wave results in 91 % 
sensitivity and 100 % specifi city for poor out-
come. In addition, the transient loss of signals 
was detected more frequently in patients with 
moderate outcomes. Facial F-wave recording 
provides valuable information on the functional 
status of the nerve intra- and extraoperatively 
(Wedekind and Klug  2003 ).  

12.4.7.3    Anesthesia Requirements 
 The intraoperative use of facial nerve F waves is 
limited by its sensitivity to anesthesia and its 
absence in some healthy adults (Wedekind et al. 
 2001 ; Wedekind and Klug  2003 ).   

12.4.8     Blink Refl exes 

 In 1952, Kugelberg was the fi rst to report the 
presence of two electrically induced blink refl ex 
(BR) components, R1 and R2 (Kugelberg  1952 ). 
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  Fig 12.8    Typical F wave recorded from facial nerve       
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The R1 response corresponds to the oligosynap-
tic refl ex arc, which includes trigeminal affer-
ents, brain stem connections between the 
sensory part of the trigeminal nucleus and the 
motor nucleus of the facial nerve, the facial 
nerve proper, and the orbicularis oculi muscle. 
The R2 component is more complex in its cen-
tral, polysynaptic connections within the brain 
stem, but it has the same afferent and efferent 
pathways as the R1. 

 The blink refl ex would be suitable for con-
tinuous monitoring of the function of both tri-
geminal and facial nerve intraoperatively. 
Unfortunately, BR was typically absent in anes-
thetized patients (Mourisse et al.  2004 ). It was 
recently shown that it is possible to elicit the 
blink refl ex in surgically anesthetized patients 
using a train of four to seven stimulus impulses 
applied to the supraorbital nerve when suitable 
modern anesthesia techniques are used (Deletis 
et al.  2009 ). Thus, the use of this test for the use 
for intraoperative neuro-monitoring appears 
feasible. 

12.4.8.1    Stimulation and Recording 

  Stimulation Sites     Stimulation of the supraor-
bital nerve was performed using a pair of electro-
encephalographic needle electrodes inserted 
subcutaneously over the supraorbital nerve.  

  Stimulus Intensity and Rate     Four to seven 
rectangular constant current stimuli with an inter-
stimulus interval (ISI) of 2 ms, intensity of 
20–40 mA, and train repetition rate of 0.4 H z 
were used.  

  Recording Electrodes and Band Pass     Recording 
was done with needle electrodes identical to those 
used for stimulation. The electrodes were inserted 
in the low lateral part of the orbicularis oculi mus-
cle ipsilateral and contralateral to the stimulating 
side. Recordings were made by using a 50-ms 
epoch and band-pass digital fi lters of 70 and 
1219 Hz. Recording of the BR was attempted after 
intubation, in the middle of surgery, and after start-
ing skin closure (Deletis et al.  2009 ).   

12.4.8.2    Intraoperative 
Interpretation 

 Characteristically, an electrical stimulus on the 
supraorbital nerve (VI) induces two recordable 
responses in the orbicularis oculi muscles: an 
early one, the so-called R1, ipsilateral to the stim-
ulated side, and a later one, the R2, which is bilat-
erally expressed. The R2 response ipsilateral to 
the stimulus is frequently cited as R2i, and the 
R2c is the one obtained on the contralateral side, 
also denominated “consensual response,” in anal-
ogy to the photomotor pupillary refl ex (Esteban 
 1999 ). 

 The R1 component of the BR has a rather sta-
ble latency of approximately 10 ms. R2 typically 
shows relative variable latencies and larger mag-
nitudes than R1 and its threshold is lower (Sanes 
et al.  1982 ). 

 In symptomatic trigeminal pains, the trigemi-
nal refl exes have a very high sensitivity, probably 
because they allow examination of all three divi-
sions. The most sensitive refl ex is the R1 of the 
blink refl ex (Cruccu et al.  1990 ). Mild refl ex 
abnormalities occur occasionally, but in most 
patients with idiopathic trigeminal neuralgia, all 
refl exes are normal (Aramideh  2002 ). 

 BR can be also used to evaluate hyperexcit-
ability of the facial motor nucleus in patients with 
HFS by measuring the latency and duration of the 
R2 component as well as the R1 and R2 recovery 
curves (Valls-Sole and Tolosa  1989 ). A larger R1 
and R2 response is usually obtained on stimulat-
ing the affected side, rather than the contralateral 
side (R2c), or after stimulating the unaffected 
side, the ratio R2c/R2 may be increased (Eekhof 
et al.  2000 ; Oge et al.  2005 ; Sekula et al.  2009 ). 
After decompression of the facial nerve during 
the MVD surgery for HFS, it is necessary to 
increase the number of stimuli within the train in 
order to reproduce BR. It is presumed that this 
phenomenon results in the immediate decrease in 
excitability of the facial motor nucleus after an 
effective MVD (Fernandez-Conejero et al.  2012 ). 

 The possibility to achieve continuous moni-
toring of the sensory part of the trigeminal nerve, 
brain stem, and facial nerve is a further important 
development.  
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12.4.8.3    Anesthesia Requirements 
 It is feasible to record the BR in patients under 
general anesthesia using low doses of desfl urane 
or sevofl urane during surgery. If total intravenous 
anesthesia is used, boluses of propofol should be 
avoided, because they prevent elicitation of the 
BR. Administration of muscle relaxants should 
also be avoided.   

12.4.9     Motor Evoked Potentials 

 Transcranial electrical stimulation was fi rst 
applied to the human brain by Merton and Morton 
( 1980 ). It can be generated by electrical stimula-
tion of the cortex or the spinal cord. It involves 
applying an electrical current with the purpose of 
depolarizing the corticospinal system proximal to 
the level of the surgery, above its threshold. This 
method assesses the integrity of the motor path-
ways, from the cortex to the muscles. The method 
was found to be practical and effective intraop-
eratively, and it is now widely accepted as neces-
sary in the neurosurgical fi eld (MacDonald  2002 ; 
Motoyama et al.  2011 ). For neurophysiological 
IOM of the motor pathways, the use of MEPs 
triggered by electrical cortical stimulation is a 
technique done successfully under anesthesia. 

12.4.9.1    Stimulation and Recording 

  Stimulation Sites     The standard 10–20 EEG elec-
trode placement is used. Scalp electrodes are often 
placed more lateral than the standard montage for 
spinal surgeries (Fernandez-Conejero et al.  2012 ): 
C3-Cz for left hemispheric stimulation and C4-Cz 
for right hemispheric stimulation (Dong et al.  2005 ). 
The use of a Cz cathode may help to minimize the 
chance of extracranial activation of the facial 
CSound stimulus is delivered through miniature.  

  Stimulus Intensity and Rate     Transcranial stim-
ulation may be constant voltage (range of 180–
600 V) or constant current (range of 50–220 mA) 
with varying durations of 0.5–3 ms and interstimu-
lus interval of 1–5 ms, typically using three or 
more pulses with a train repetition rate of 2 Hz 

(Akagami et al.  2005 ; Dong et al.  2005 ; Sala et al. 
 2007 ; Fukuda et al.  2008 ; Acioly et al.  2010 ).  

  Recording Electrodes and Band Pass    
 Electrodes are placed in the target muscles cor-
responding to the nerve of interest. Most com-
monly, pairs of monopolar needles are used. The 
muscles typically used for monitoring cranial 
nerves are listed in Table  12.3 . Filter settings vary 
between 5 and 10 kHz (Akagami et al.  2005 ; 
Dong et al.  2005 ; Sala et al.  2007 ; Fukuda et al. 
 2008 ; Acioly et al.  2010 ).

12.4.9.2        Intraoperative 
Interpretation 

 Preservation of postoperative facial nerve func-
tion is an important goal of microvascular decom-
pression. To estimate postoperative cranial nerve 
function, MEP monitoring was reported to be of 
value (Fukuda et al.  2008 ; Matthies et al.  2011 ). 
It facilitates observation of the function of both 
the fi rst and second motor neuron and helps to 
predict postoperative nerve function. However, 
MEP cannot be used for continuous intraopera-
tive monitoring because of body movement arti-
facts. Operative manipulations must be stopped 
during recording of the MEP (MacDonald  2002 ; 
Motoyama et al.  2011 ). 

 MEP can provide a benefi cial impact on the pre-
vention of paraplegia and paralysis during  surgeries 

   Table 12.3    Cranial nerves and the corresponding 
 muscles used in IOM   

 Cranial 
nerve  Nerve name  Muscles 

 II  Oculomotor  Inferior rectus, inferior 
oblique 

 IV  Trochlear  Superior oblique 
 V  Trigeminal  Masseter, temporalis 
 VI  Abducens  Lateral rectus 
 VII  Facial  Frontalis, orbicularis 

oculi, nasalis, orbicularis 
oris, mentalis 

 IX  Glossopharyngeal  Lateral soft palate 
 X  Vagus  Vocal cords, cricothyroid 
 XI  Accessory  Trapezius/

sternocleidomastoid 
 XII  Hypoglossal  Tongue/genioglossus 
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in which the motor pathways may be compromised 
(Kodama et al.  2014 ) The intraoperative increase in 
stimulation threshold and decrease in amplitude 
were closely correlated to postoperative nerve dys-
function (Cosetti et al.  2012 ; Macdonald et al.  2013 ; 
Sarnthein et al.  2013 ). 

 More recently, MEPs have also been used dur-
ing MVD as a method to identify and avoid 
lesions to the facial nerve when manipulating the 
vessels compressing the facial nerve. Facial 
CMAPs in TcMEPs appear at a short latency 
around 15 milliseconds (Fukuda et al.  2008 ). 
However, the most sensitive criterion for intraop-
erative interpretation is based only on amplitude. 
Fujiki et al. suggest that a decline ≥35 % relative 
to baseline amplitude is associated with mini-
mum transient postoperative motor defi cits 
(Fujiki et al.  2006 ; Fukuda et al.  2008 ). 

 Fernandez-Conejero et al. ( 2012 ) reported that 
MEP monitoring in patients with HFS has remark-
able characteristics due to the hyperexcitability of 
the facial nerve and facial motor nucleus. The 
FCoMEPs are continuously recorded before, dur-
ing, and after MVD together with LSR. The major 
excitability changes observed in FCoMEPs are 
increased by the number of stimuli required to 
obtain responses or intensity of current compared to 
the baselines. Thus, TcMEPs have also been inves-
tigated as adjuvant monitoring during MVD for 
hemifacial spasm (Fig.  12.9 ).

12.4.9.3       Anesthesia Requirements 
 In general anesthetic techniques should be 
used with minimized inhalational agents, such 
as nitrous oxide and isofl urane (Kalkman et al. 
 1993 ), and minimized neuromuscular block-
ade. Anesthesia techniques using a combina-
tion of less than 50 % nitrous oxide and 
narcotics, etomidate, or ketamine allow the 
recording of reliable MEPs (Kalkman et al. 
 1993 ).    

12.5     Case 

 The patient was diagnosed as a typical left HFS 
based on the clinical history of typical symptoms 
and electrophysiological examination. BAEP, 
AMR, ZLR, and SSEPs were recorded during the 
MVD operation. 

 The operation was performed under general 
anesthesia. No muscle relaxant is supposed to 
be used after the induction of anesthesia. To 
ensure the integrity of the stimulating and 
recording electrodes, an initial recording was 
made as baseline following induction, before 
the patient had been positioned. After the patient 
was positioned, another SSEP was recorded. 
Then, subsequent recordings continued through-
out the case. 

 During the entire operation, the root exit zone 
(REZ) of the facial nerve was compressed by 
both the vertebral artery (VA) and anterior infe-
rior cerebellar artery (AICA) (a). A typical AMR 
was recorded on this operation (b). The Z-L 
response (ZLR) was identifi ed from AICA (c, d), 
but not from VA (e, f). Both AMR and ZLR dis-
appeared after decompression (g, h, i). The 
patient achieved immediate “excellent” resolu-
tion of spasms after surgery. 

 The latency of wave V and the IPL I–V was 
found delayed when the VIIIth nerve was 
retracted. Then the surgeon was informed and the 
retracting stopped. The BAEPs came back to nor-
mal until the end of the surgery (j). 

 This patient achieved excellent resolution of 
spasm. No signifi cant change was recorded from 
SSEPs. Postoperatively, there were no complica-
tions observed, and the patient denied any symp-
toms such as hearing loss, tingling, or numbness 
of upper extremities (Fig.  12.10 ).
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  Fig 12.9    It takes a short train stimulus of 200 V to elicit 
MEP before surgery. After MVD is completed, the ampli-
tude of MEP decreased signifi cantly       
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  Fig 12.10    Electro-
physiological monitoring 
change and intraoperative 
pictures of the typical HFS 
patient       
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      Outcome Evaluation 
and Postoperative Management                     

     Akinori     Kondo     

    Abstract 

 Objective To obtain objective surgical results from microvascular decom-
pression (MVD) for trigeminal neuralgia (TN) and hemifacial spasm 
(HFS), a method to evaluate and analyze overall postoperative results from 
MVD by combining the cure rate of symptoms with the complication rate 
is proposed. In addition, tactics to prevent surgical complications and of 
the postoperative management are described. 

 A new standardized scoring system using consistent criteria to docu-
ment treatment results of MVD is needed to allow individual surgeons to 
correlate and compare results with other institutes using the common 
criteria. 
 Method and Findings Surgical results were obtained from a question-
naire sent to 233 patients who had undergone surgery and had been fol-
lowed up for more than 1 year after surgery (TN patients, 95; HFS 
patients, 138). When surgical outcome is complete cure of symptoms, the 
effi cacy of surgery (E) is designated E-0, but when moderate symptoms 
are still persist postoperatively, the score is designated E-2. When no 
complications are reported after surgery, the complication score (C) is 
C-0; if troublesome complications remain, the score is designated as C-2. 
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Total evaluation of the results (T) is judged by combining the (E) and (C) 
scores. For example, when E is 0, and C is C-2, the total evaluation is 
scored as T-2, which is diagnosed as fair. Analysis of the collected data 
revealed an outcome of T-0 was 70 % (59/85 patients), T-1 was 19 % 
(16/85), T-2 was 8 % (7/85), T-3 was 1 % (1/85), and T- was 2 % (2/85) 
in TN, whereas in HFS, T-0 was 61 % (62/102), T-1 was 28 % (29/102), 
T-2 was 7 % (7/102), and T-3 was 4 % (4/102). 
 Conclusion The total results of MVD should be evaluated and analyzed 
by combining the cure rate of symptoms together with the complication 
rate. Successful MVD involves not only to obtain good cure rate but also 
minimizing surgical complications. Therefore, to realize various methods 
how to avoid complications and to study postoperative management is 
mandatory. This new scoring system could allow much more objective 
analysis of the results of following MVD, and by adopting this scoring 
system, surgeons can compare their own overall surgical results with those 
of other institutes.  

  Keywords  

  Microvascular decompression   •   Trigeminal neuralgia   •   Hemifacial spasm   
•   New scoring system   •   Postoperative management  

  List of Abbreviation 

   ABR    Auditory brainstem response   
  BNI    Barrow Neurological Institute   
  CSF    Cerebrospinal fl uid   
  HFS    Hemifacial spasm   
  MVD    Microvascular decompression   
  TN    Trigeminal neuralgia   
  VBA    Vertebrobasilar artery   

13.1          Introduction 

 It is well known that microvascular decompres-
sion (MVD) is a safe and defi nitive treatment 
for trigeminal neuralgia (TN) and hemifacial 
spasm (HFS) with proven long-term effi cacy 
(Barker et al.  1955 ,  1966 ; Henson et al.  2005 ; 
Jannetta  1977 ; Kalkanis et al.  2003 ; Little et al. 
 2008 ; McLaughlin et al.  1999 ; Rogers et al. 
 2000 ). However, surgical results are not always 
reliable, if surgery is not appropriately 
 performed. Since MVD is a functional neuro-
surgery, satisfactory results should entail a 

 complete and permanent cure of symptoms 
without any postoperative sequelae, such as 
complications or recurrence of symptoms. To 
realize various tactics to prevent complications 
and to study postoperative management are, 
therefore, mandatory. The results of MVD 
should thus be evaluated and analyzed objec-
tively by combining the cure rate of symptoms 
with complication rates to score the overall 
treatment results using consistent criteria in a 
standardized manner.  

13.2     Methods and Materials 

 The questionnaires were sent to 233 patients (TN 
patients 95, HFS patients 138) who had under-
gone surgery for TN or HFS within the last 
7 years (2006–2012) and had been followed up 
more than 1 year after surgery, and an evaluation 
of the overall results of MVD was performed 
more than 1 year after surgery. Total response 
rate was 80.3 % (187/233 patients), TN patients, 
89.5 % (85/95), and HFS patients, 73.9 % 
(102/138), respectively. 
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13.2.1     Evaluation of MVD Results 
for TN 

 Evaluation of postoperative pain (E)

   E-0: Completely pain-free  
  E-1: Occasional slight pain, self-controllable, 

without medication  
  E-2: Moderate pain, controllable by medication  
  E-3: Persistent pain, not controllable by medica-

tion, not cured    

 Evaluation of complications (C)

   C-0: No defi cits, or only slight subjective 
complaints  

  C-1: Slight cranial nerve or cerebellar dysfunc-
tion, not bothersome for daily life  

  C-2: Both subjective and objective cranial nerve 
or cerebellar dysfunction, problematic for 
daily life    

 Total evaluation grade of the results (T)

   (T) is determined as the sum of the (E) and (C) 
grades. For example, when the postoperative 
pain grade is E-0 and complication grade is 
C-0, the total evaluation is graded as T-0, rep-
resenting an excellent result. If the postopera-
tive pain grade is E-0, but postoperative 
complication grade is C-2, then the total eval-
uation is graded as T-2, representing a fair 
result. Total evaluation of results (T) and clini-
cal outcome of TN  

  T-0: Excellent, T-1: Good, T-2: Fair, T-3 to T-5: 
Poor     

13.2.2     Evaluation of MVD Results 
for HFS 

 Evaluation of postoperative grade of involuntary 
movement (E)

   E-0: Complete disappearance of spasm  
  E-1: Occasional slight spasm  
  E-2: Moderate spasm, apparently persisting  
  E-3: Not cured    

 Evaluation of postoperative complications (C)

   The same method used to judge TN is applied to 
evaluate postoperative results of HFS. Total 
evaluation of surgical results (T) and clinical 
outcome of HFS: The same method used to 
judge TN is applied.    

13.2.2.1     Overall Surgical Results 
 Overall data were evaluated and analyzed 
using the new scoring system. Analysis of the 
collected data revealed an outcome of T-0 was 
70 % (59/85 patients), T-1 was 19 % (16/85), 
T-2 was 8 % (7/85), T-3 was 1 % (1/85), and 
T-4 was 2 % (2/85) in TN, whereas in HFS, T-0 
was 61 % (62/102), T-1 was 28 % (29/102), T-2 
was 7 % (7/102), and T-3 was 4 % (4/102) 
(Fig.  13.1 ).

T
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  Fig. 13.1    ( a ) TN cases. ( b ) HFS cases. The percentages 
of patients judged by the new scoring system, documented 
using both cure rate and surgical complication rate. Total 
evaluation rate (T = E + C) is shown as T-0 to T-3 (Reprint 
with permission from Kondo et al. ( 2012 ))       
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13.3          Prevention of Complications 
and Postoperative 
Management 

13.3.1     Postoperative 
Cerebellar Edema  

 Postoperative cerebellar edema, which is com-
monly induced by either inappropriate retrac-
tion of the cerebellum or intraoperative 
traumatization of superior petrosal veins, is the 
most severe and potentially fatal surgical com-
plication in MVD. Cerebrospinal fl uid (CSF) 
should be suctioned as much as possible by full 
opening of cerebellar cisterns. Cerebellar 
retraction should be as gentle as possible, and 
duration of every each retraction time should 
preferably be limited less than 5 min. A suc-
tion tube is preferably used intermittently 
instead of retractors to avoid overly strong 
retraction. To prevent accidental laceration of 
petrosal veins, the arachnoid membranes cov-
ering the veins should be cut meticulously to 
allow vessels movable, and the outlet (draining 
site) of veins to the major sinus should be rein-
forced using fi brin glue. 

 Once acute postoperative cerebellar edema is 
encountered, its therapy and management should 
be urgent and appropriate. Either ventricular 
drainage or urgent posterior fossa decompression 
surgery is needed for severe cerebellar edema.  

13.3.2     Postoperative Dysfunctions 
of Cranial Nerves 

 Cranial nerve dysfunction that is not rarely seen 
postoperatively is cochlear and/or vestibular 
dysfunction. During MVD, the direction of trac-
tion should be perpendicular to the axis of the 
acoustic nerve. Monitoring of auditory brain-
stem response (ABR) is inevitable. When judg-
ing the data of ABR, clinicians should keep in 
mind that warning sign of adverse changes of 
ABR during surgery is a >1 ms delay of the 
latency of the 5th wave and 40 % reduction of 
amplitude at most. 

 To prevent postoperative facial nerve hypo-
function, care should be taken when handling an 
offending artery, mostly anterior inferior 
 cerebellar artery, with small perforators. Since 
hypofunction of abducent nerve can be caused 
particularly when handling the vertebrobasilar 
artery (VBA), care should be taken not to com-
promise the nerve by too much amount of pros-
thesis when the VBA is replaced. In terms of 
lower cranial nerve hypofunction, as these nerves 
are also vulnerable, impairment is mostly caused 
by excessive manipulation of the nerves or heat 
by a bipolar coagulator during the procedure. A 
bipolar coagulator should be carefully used near 
the nerves by covering the nerves with a wet cot-
tonoid for protection.  

13.3.3     Postoperative Liquorrhea 

 Postoperative liquorrhea is also a very trouble-
some complication after MVD. For prevention, 
watertight closure of dura mater should be 
achieved using fascia or muscle piece, if neces-
sary. The opening of the mastoid air cell can be 
packed and closed as tight as possible with the 
use of bone wax together with a section of mus-
cle piece, bone dusts, and fi brin glue. If the open-
ing of bony defect is ignored during procedure, 
postoperative CSF leak is inevitable, and its 
repair will be much more troublesome after 
surgery.   

13.4     Discussion 

 In experienced hands, MVD for TN and HFS 
offers the highest likelihood of long-term suc-
cessful cure of cranial nerve dysfunction symp-
toms along with low rates of morbidity and 
recurrence (Barker et al.  1966 ; Kalkanis et al. 
 2003 ). The objective of the present analysis of 
overall surgical results is to set quality criteria 
and standards for outcome reports following 
MVD to identify and assess the surgical results 
appropriately. The same criteria obtained from 
standardized method should be used to compare 
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each data of treatment results from MVD at each 
neurosurgical institute (Kondo et al.  2012 ). And 
also surgeons should well realize and study the 
various methods how to lessen surgical compli-
cations, together with postoperative management 
of MVD (Taha and Tew  1966 ). 

 Little et al. ( 2008 ) described the pain response 
and quality of life in patients with TN treated 
using gamma knife surgery by assessing out-
comes using the Barrow Neurological Institute 
(BNI) Pain Intensity Score and Brief Score 
Inventory. With that score, post-gamma knife 
treatment status was clearly analyzed and docu-
mented from score I (no pain) to V (no relief). 
Rogers et al. ( 2000 ) assessed not only the effi -
cacy of gamma knife radiosurgery for TN but 
also complications. They presented a BNI pain 
scoring system and BNI facial numbness score, 
which was classifi ed after treatment into four 
scores. Henson et al. ( 2005 ) also described treat-
ment results such as pain response, pain recur-
rence, and sensory neuropathy after both glycerol 
rhizotomy and gamma knife treatment for 
TN. Although they evaluated rates of pain relief 
or complications, they did not combine both rates 
to judge overall results. Accurate diagnosis of 
chronic pain is, however, crucial for determining 
the effi cacy of surgical therapy, as measurement 
of such subjective phenomena is diffi cult. 
Although Chen et al. recently proposed an over-
view of psychometric testing, such methods of 
evaluating surgical results for TN are too compli-
cated to be useful in daily clinical situations 
(Chen and Lee  2010 ). Our grading system of 
classifi cation is not made too detailed but is 
instead simplifi ed as much as possible. On the 
other hand, judgment of postoperative status of 
HFS is relatively straight forward, as the symp-
toms are mainly objective in nature. 

 According to the report by Kondo ( 1997 ), 
symptom recurrence mostly occurs 3–6 years 
after disappearance of initial symptoms after 
MVD. However, the defi nition of the term “recur-
rence” has not been clearly defi ned and remains 
controversial. A factor that may lead to errors in 
judging outcomes is that the course of postopera-
tive recovery for cranial nerve symptoms is 

 variable. Based on daily clinical experience, the 
defi nition of surgical results should allow a post-
operative period of more than 12 months to lapse. 
The immediate postoperative period is therefore 
too soon to judge whether the patient has been 
cured. The other problem in judging postopera-
tive symptoms is that the perception of follow-up 
results for MVD sometimes much differed 
between doctors and patients, concerning cure 
rate and complication rate. When analyzing data 
obtained from questionnaire, the opinion of the 
patient should typically hold sway when a differ-
ence is seen. Jannetta once cautioned that when 
diagnosing patient symptoms, a common error is 
“the assumption that patients you have not heard 
from are doing well (personal communication). 

 The overall results obtained from this study 
were not as satisfactory as had been expected. 
Because with the present method, the score 
should be defi ned either one or two ranks down-
graded when postoperative incomplete cure 
symptoms or surgical complications are encoun-
tered, even if the initial symptoms are success-
fully resolved. 

 But the total results of MVD should be evalu-
ated and analyzed by combining the cure rate of 
symptoms together with the complication rate. 
And to perform successful MVD, it is necessary 
not only to obtain good cure rate but also to mini-
mize surgical complications 

 Although a scoring system of the results of 
MVD for TN has been more documented, the 
trial for HFS is quite a few. Differences are 
known to exist between Caucasians and Asians in 
terms of the incidence of cranial nerve dysfunc-
tion symptoms; TN is much more frequent in 
Caucasians, while HFS is much more frequent in 
Asians (Jannetta  1977 ). It is assumed that differ-
ence in the shape and volume of the posterior cra-
nial fossa may play a role (Yamamoto et al. 
 1987 ). 

 Steps must be taken to allow standardized 
analysis of results to become much more objec-
tive, and standardization of surgical results would 
also allow individual surgeons to correlate and 
compare results with other institutes using the 
common criteria.     

13 Outcome Evaluation and Postoperative Management
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      Reoperation for Hemifacial Spasm                     

     Shi-Ting     Li      and     Xue-Sheng     Zheng   

    Abstract  

  Despite the high success rate of microvascular decompression procedures 
for hemifacial spasm and trigeminal neuralgia, failure and recurrence are 
unavoidable. If the spasm or pain does not resolve after surgery and the 
surgeon thinks perhaps some culprit vessels were neglected in the fi rst 
operation, early reoperation is indicated. If the symptoms persist for a long 
period after surgery and delayed resolution does not take place, late reop-
eration should be performed. Besides, late reoperation is indicated for 
recurrence. The uncertainty of “delayed resolution” and the high risk of 
complications of the reoperation make the decision very diffi cult.  

  Keywords  

  Reoperation   •   Hemifacial spasm   •   Trigeminal neuralgia  

14.1        Introduction 

 Many papers have been published regarding the 
high effi cacy of MVD for HFS, with immediate 
cure rates ranging from about 82 to 92 %. Those 

patients who are not immediately cured following 
MVD are likely to be cured in 1–3 years without 
additional operations, namely, delayed resolu-
tion (Ishikawa et al.  2001 ). In contrast, some of 
the patients who are cured by MVD may gradu-
ally recur in several months or years (Chung et al. 
 2001 ). Patients with persistent or recurrent spasms 
have three options: live with their symptoms, 
take Botox therapy, or undergo repeat MVD. As 
Engh et al. proposed ( 2005 ), there are four kinds 
of situations after the original MVD procedure. 

  14
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The fi rst kind consisted of those patients who had 
neurophysiological  monitoring abnormalities, for 
example, an abnormal BAEP alert during their 
fi rst MVD, so the MVD procedure was aborted to 
preserve the neural function. For this kind, reop-
eration is surely needed after a short-time rest. The 
second kind of patients still had signifi cant spasm 
after their fi rst MVD surgery or a signifi cant 
recurrence in the immediate postoperative period. 
These patients should undergo early reoperation. 
The third kind of patients had recurrence of spasm 
more than 1 month after their fi rst MVD. The 
fourth kind of patients had already failed at least 
two MVD operations, required a third or fourth 
MVD. The latter two kinds of patients undergo 
late reoperation. 

 Although the abovementioned principle seems 
clear and simple, the practice is not easy at all, 
because success is not guaranteed for the second, 
third, or even more operations, but operative 
complications are indeed more frequent after the 
reoperation than the fi rst MVD (Li et al.  2010 ). 
While the prospect of possible “delayed resolu-
tion” add the surgeon’s hesitation, the fact that 
late reoperation is less effective and more danger-
ous than early reoperation, however, encourages 
the surgeon to react earlier. As a result, the issues 
as to if and when the reoperation should be per-
formed for persistent spasm have been under 
debate for long time.  

14.2     Evaluation of the First MVD 
and the Decision of an Early 
Reoperation 

 Early reoperation means repeated MVD proce-
dure within 1 month of the fi rst MVD. 

 For experienced neurosurgeons, spasm resolu-
tion rates immediately after MVD are about 
90–94 %, in other words, the fail rate is about 
6–10 % (Engh et al.  2005 ). It’s very diffi cult to 
persuade the patient that the hemifacial spasm 
may automatically resolve after discharge, espe-
cially when the spasm was not relieved at all or 
even worsened after the fi rst surgery. 

 It’s still controversial concerning about the 
treatment of such kind of patients. For example, 
Hyun et al. (Oh et al.  2008 ; Hyun et al.  2010 ) 

believed that any decision regarding retreatments 
should be drawn after postoperative 12 months or 
later, no matter how the outcomes of fi rst MVD 
is. In contrast, Li ( 2005 ) reported that a second 
operation was indicated for patients with signifi -
cant persisting or even worsening HFS after the 
fi rst MVD; and if the spasm became less severe 
and less frequent after MVD, it’s better to wait 
for delayed resolution. Engh et al. ( 2005 ) reported 
that the patients with signifi cant postoperative 
spasm undergo facial EMG; and if the postopera-
tive abnormal muscle response (AMR) is still 
signifi cant, they usually offered re-exploration, 
provided that the patient is well aware of the high 
risk of operative complications; otherwise, the 
patient is not offered a repeat MVD. Li et al. 
( 2010 ) also considered AMR as an important ref-
erence to make the decision of early reoperation. 
It was observed that the long-term clinical out-
comes of the intraoperative AMR disappearance 
before and after MVD were correlated. Thus, 
AMR may be considered an objective factor in 
the indication for reoperation (Ying et al.  2011 ). 

 Hughes et al. ( 2015 ) reported that re-imaging 
with high-resolution T2-weighted MRI will iden-
tify the missing culprit vessel after the failed 
MVD for hemifacial spasm. The imaging inter-
pretation was concordant with the surgical results 
regarding artery versus vein in 86 % of cases and 
regarding the segment of the nerve contacted in 
92 %. They found the unaddressed vascular com-
pression is typically proximal to the previously 
placed Tefl on felts. 

 Li Shi-ting team divided the facial nerve root 
into 4 zones (Zhong et al.  2010 ) and insisted that 
all zones should be explored carefully and 
decompressed adequately (Zhong et al.  2011 ). 
Otherwise, multiple neurovascular confl icts 
might be neglected and lead to failure. Especially, 
arteriole compression in zone 1 and “cross-type” 
AICA compression in zone 4 are the typical types 
of missing culprits (Li et al.  2010 ,  2013 ; Zheng 
et al.  2011 ). 

 In fact, the different percentages of delayed 
relief underlie this controversy. However, the 
delayed relief rate reported in literatures ranges 
from 90 % (Ishikawa et al.  2001 ) to <4 % (Zhong 
et al.  2015 ). The authors advocating early reop-
eration generally reported very low percentage of 
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delay relief. And the authors reporting high per-
centage of delay resolution would accordingly 
recommend waiting. Therefore, unless an agree-
ment as to the exact delayed relief percentage is 
reached in the future by multicenter prospective 
clinic trial, the debate will continue. 

 The different answers to if early reopera-
tion should be performed refl ect the surgeons’ 
 different belief of the mechanism of hemifacial 
spasm. According to Moller et al., primary HFS 
may be due to hyperactivity of the facial nucleus, 
progressively induced by the continuous pul-
sation of the neurovascular confl ict. If follows 
logically that the effect of surgical decompression 
takes time to decrease and normalize the clinical 
spasm, and the delayed spasm resolution may be 
due to the time required for remyelination of the 
compressed axons, as well as the recovery of nor-
mal excitability of the facial nucleus (Moller and 
Jannetta  1984 ,  1985a ,  b ). Of course, a surgeon 
believing this hyperactivity hypothesis will fi rmly 
insist on the “waiting” principle. The hypothesis is 
not consistence with the fact that in most patients 
AMR vanished immediately when the compress-
ing vessel was detached. It’s also challenged by 
Park’s report (Kim et al.  2009 ) that the severe 
indentation on the facial nerve were associated 
with good surgical outcomes, because the deduc-
tion of this hypothesis is that the more severe 
the compression is, the more hyperactivity there 
should be in the nucleus. In contrast, Zheng et al. 
hypothesized that the cross-transmission between 
the facial nerve fi bers is bridged by sympathetic 
nerve fi bers on the offending artery wall (Zheng 
et al.  2012a ,  b ). Hence, this might explain most 
of patients who were relieved immediately after 
facial nerve and offending vessels wall were sepa-
rated by Tefl on. And they believe that the reasons 
for failure may include missing the multiple ves-
sels, Tefl on pled get movement after closure, or 
incomplete decompression. Accordingly, a neu-
rosurgeon who believes the sympathetic bridge 
hypothesis tends to do early reoperation to fi nd 
the missing offending vessels or the inadequate 
decompression. However, neither hypothesis has 
been fully proven by substantial direct evidence. 
Probably, some patients are of hyperactivity, but 
the others are mediated by sympathetic bridge. 
Thus, the debate as to whether early  reoperation 

is necessary will continue until the mechanism of 
hemifacial spasm is clearly addressed. 

 Based on the literatures mentioned above and 
our own experience, here we propose indications 
for early reoperation.

    1.    The spasm did not resolve at all or get even 
worse.   

   2.    Review the surgery video and fi nd that four 
zones were not explored fully; especially if the 
zone-1 or the zone-4 was not dissected in the fi rst 
MVD, reoperation should be recommended.   

   3.    Review the surgery video and fi nd that some 
arteriole in contact with facial nerve root was 
not detached in the fi rst MVD.   

   4.    AMR persisted after fi nal nerve decompres-
sion, or AMR disappeared before the begin-
ning of decompression, or AMR reemerge 
after the operation. AMR is positive at the 
postoperative day 2.   

   5.    Postoperative high-resolution T2-weighted 
MRI identifi es one or more vessels still in 
contact with the facial nerve.     

 If the above listed fi ve criteria are matched, an 
early reoperation is recommended. 

 On the contrary, if there is initial relief after 
surgery and then subsequent recurrence, the deci-
sion to reoperate should be considered very care-
fully (Park et al.  2006 ). 

 If the fi rst MVD surgery was aborted because 
of neuroelectrophysiological monitoring alert, a 
reoperation should be scheduled within 1 week.  

14.3     Early Reoperation for Fail 
or Abortion 

 As described in our previously reported papers 
(Zhong et al.  2010 ), the early reoperation was 
performed via the original approach. Craniectomy 
is very easy by removing sutures and titanium 
wire mesh. There is no or very little adhesion. 

 If arachnoid membrane is not dissected ade-
quately, additional dissection is needed in reop-
eration. The dissection was started from the 
caudal cranial nerves. While the arachnoid mem-
brane between facial nerve and the caudal cranial 
nerves being opened fully, the cerebellum as well 
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as fl occulus was gently raised until the ponto-
medullary sulcus was exposed. 

 For reoperation, the previously decompressed 
site was double checked at fi rst to confi rm that a 
satisfi ed decompression was completed. Then the 
full course of facial nerve was inspected through 
different angles. Exploration began from zone 2 
and then moved to zones 3, 1, and 4 (zone 1, where 
the nerve root emerges to the brainstem surface 
from the parenchymal and goes through the ponto-
medullary sulcus; zone 2, where the nerve root 
attaches to the surface of the pons; zone 3, where it 
gradually detached from the brain stem; zone 4, 
where the nerve runs free in the subarachnoid cis-
tern and extends to the internal meatus). 

 Any arteries or big veins in contact with the 
facial nerve were detached. After the offending 
vessel was moved away from the nerve, pieces of 
Tefl on sponge were gently placed between the 
vessel and the brainstem, so as to transpose the 
course of the vessel. However, when transposi-
tion is impossible, Tefl on felt can be inserted into 
the gap between the nerve and the vessel. The 
suspicious venulein contact with the nerve was 
coagulated with low power. 

 According to Hughes MRI (Hughes et al. 
 2015 ) study and Zhong clinical observation 
(Zhong et al.  2015 ), the missing culprit vessels 
usually lie proximal to the previous Tefl on felt, 
especially at zone 1. Therefore, early reoperation 
should be mainly focused on this portion; some-
times, endoscope may help fi nd small vessels in 
the pontomedullary sulcus. 

 With the aid of intraoperative AMR and ZLR 
monitoring, we found a new type of vascular 
compression pattern, the cross type, which 
involves the AICA passing through the gap 
between cranial nerves VII and VIII and com-
pressing the cisternal portion of facial nerve, that 
is, zone 4. For this type, the treatment is to inter-
pose Tefl on felt between the facial nerve and 
AICA (Li et al.  2013 ; Zheng et al.  2011 ). 

 If new vascular compression was not found in 
reoperation after careful scrutinizing, it’s very 
likely that the shape and tension of Tefl on felt are 
not suitable. The old Tefl on felt should be 
replaced by a new one (Li et al.  2010 ). If the 
Tefl on felts previously inserted should be pulled 
out, great caution should be paid as pulling large 
sponges may break some perforating arterioles. 

 In the early reoperation, some small perforator 
arteries turned out to be the culprit vessels, which 
were hidden beneath the big artery. To this subset, 
determination of the culprit vessels in the 
 reoperation was completely relied on the intraop-
erative AMR monitoring. These small vessels 
looked just ordinary, and did not seem “compress-
ing” in appearance; however, when they were 
lifted with a nerve dissector, the AMR disappeared 
in no time. After these small perforator arteries 
were decompressed by small piece of Tefl on 
sponges, these patients were cured (Li et al.  2010 ). 

 There are higher risks of operative complica-
tions related to the early second MVD (Li et al. 
 2010 ). Of course, there is nothing with adhesion. 
When performing the early reoperation, the sur-
geon is under great psychological stress and always 
tries his best to fi nd additional culprit vessels; thus, 
the entire course of facial nerve will be explored 
over and over. We think this is the main reason 
for high risk of early reoperation (Li et al.  2010 ). 
Therefore, each step should be performed carefully. 
For example, the dissection of the arachnoid mem-
brane, exploration of the facial nerve, detachment 
of the offending vessel, and insertion of the Tefl on 
sponge all should be done gently under direct 
vision. While dissecting the arachnoids around the 
nerve, the feeding arterioles for the nerve should be 
preserved. While mobilizing the offending artery, 
retraction of the nerve should be avoided. When 
vasospasm was observed, the operation should be 
paused and sometimes narceine was administered 
on the vessel surface. When the coagulation of the 
small vein is strongly required, it should be kept far 
away from the nerve. Meanwhile, real-time neuro-
electrophysiological monitoring of the nerve func-
tion is mandatory (Zhong et al.  2010 ).  

14.4     Follow-Up of Delayed 
Resolution and Recurrence 
and the Decision of a Late 
Reoperation 

 If a patient achieved no or little improvement after 
the fi rst MVD, but did not undergo early reopera-
tion, he should be closely followed up with the focus 
of possible delayed resolution. Most delayed resolu-
tion would take place within 1 year, so reoperation is 
indicated if persistent spasm did not disappear or 
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diminish after 1-year postoperative follow-up. 
However, if severe compression  indentation on the 
facial nerve root had been found in the fi rst MVD, 
the possibility of delayed resolution is much higher, 
and the decision of reoperation should be postponed 
3 years after the fi rst MVD (Oh et al.  2008 ; Park 
et al.  2006 ). It’s worth of emphasis that patients 
undergoing early reoperation were signifi cantly 
more likely to be cured or improved than patients 
undergoing late reoperation. 

 Those patients cured by the fi rst MVD should 
be followed up too, because there is a chance of 
spasm recurrence in these subsets. Recurrence is 
defi ned as reemerging facial spasm after a period 
(>1 months) of complete resolution after 
MVD. The mean incidence of recurrence is 7.0 % 
(range, 1.1–55.5 %); reported recurrences 
occurred 1–60 months after surgery. Among all 
patients initially cured and in cases in which the 
timing of recurrence was given, only 1.0 % had a 
recurrence after 24 months; therefore, patients 
who are symptom-free 2 years after MVD can be 
considered cured. Unlike controversy as to 
delayed resolution, it’s now generally accepted 
that recurrence means failure of the fi rst opera-
tion or newly developed vascular compression to 
the facial nerve, thus, reoperation is indicated as 
soon as recurrence emerge (Payner and Tew 
 1996 ). 

 The causes of the failed fi rst MVD include mis-
judgment of offenders, improper selection, 
improper insertion, or inadequate Tefl on volume. 
Li et al. ( 2010 ) reported one case of late reopera-
tion for recurrence; he noted dense adhesion of the 
Tefl on felt to the offending vessel and the facial 
nerve; the patient was cured through the revised 
MVD. Arterial hypertension contributes to late 
recurrence (Oliveira et al.  1999 ), and there was a 
trend toward an association of recurrence with 
coexistence of male gender, vein or VA offender, 
and experience of transient facial weakness.  

14.5     Late Reoperation for Fail 
and Recurrence 

 The procedures of late reoperation are similar to 
that of the early reoperation. The abovemen-
tioned principles such as full-course exploration, 
adequate decompression, thorough sharp dissec-

tion, and caudal-to-rostral exploration should be 
followed as well. However, there are many other 
features and diffi culties in late reoperation:

    1.    The craniectomy should be enlarged, because 
the bone tissues regenerate and gradually 
occupy the margin of the hole. Otherwise, 
intracranial exposure will be very diffi cult.   

   2.    There is adhesion between the dura and the 
cerebellum, which should be dissected sharply 
and suffi ciently, so as to produce enough oper-
ating space.   

   3.    There is adhesion between the cranial nerves 
and the cerebellum and the brainstem; the 
adhesion should be cut sharply. Pull of cranial 
nerves and blunt dissection should be avoided.   

   4.    There is severe adhesion among Tefl on graft 
and the cranial nerves and the vessels. Pulling 
out the old Tefl on is generally impossible and 
sometimes dangerous. If necessary, a small 
part of these Tefl on sponges could be cut with 
microscissors to make a space for new grafts, 
and this kind of process is dangerous too. 
Sometimes, the Tefl on bolus itself may be the 
culprit of spasm recurrence.   

   5.    Due to extensive adhesion, full-course exploration 
is usually very diffi cult, sometimes impossible.     

 As a result, late reoperation is much less effec-
tive and with higher complications than early 
reoperation. Engh et al. ( 2005 ) reported that the 
effective rate (excellent plus good relief) of late 
reoperation is only about 75 %, while the effec-
tive rate of the early reoperation by the same 
team is almost 100 %. Moreover, in the late reop-
eration grout, some spasm relief may result from 
facial nerve injury rather than nerve decompres-
sion. This is the main reason that some surgeons 
preferred early reoperation.  

14.6     Reoperation for Trigeminal 
Neuralgia 

14.6.1     Early Reoperation 
for Failed MVD 

 Unlike in hemifacial spasm, MVD procedures for 
trigeminal neuralgia seldom disturb the VIII cra-
nial nerve, and abortion due to intraoperative 
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 electrophysiology monitoring alert rarely takes 
place. Therefore, reoperation for aborted MVD of 
trigeminal neuralgia will not be discussed here. 

 Immediate postoperative pain relief is report-
edly obtained in up to 98 % of cases after MVD, 
i.e., only a very small subset of patients with tri-
geminal neuralgia failed the fi rst MVD (Kondo 
 1997 ). “Delayed relief,” which is very common 
in hemifacial spasm, however, is rare in trigemi-
nal spasm; so the surgeons do not need to be 
entangled in the diffi cult choice of waiting or act-
ing right now. What they have to choose is the 
dilemma: should these failed patients undergo 
less invasive procedures, such as gamma-knife 
and radiofrequency trigeminal rhizotomy, which 
are associated with a higher risk for sensory loss, 
or should they undergo repeat MVD in the hope 
of relieving their facial pain (van Loveren et al. 
 1982 ; Zhang et al.  2011 )? 

 Here we propose some advice as to if choos-
ing to do a repeat MVD:

    1.    If the whole course of the intracranial trigemi-
nal root was not fully exposed in the fi rst 
MVD, a repeat MVD is indicated.   

   2.    If a vein was found in contact with the V CN, 
but neglected to treat in the fi rst MVD, a 
repeat MVD is indicated, because veins as a 
culprit vessel are much more common in tri-
geminal neuralgia than in hemifacial spasm 
(Hong et al.  2011 ).   

   3.    If a patient was initially cured by MVD but 
recur within several days, please review the 
video of the fi rst MVD, and if the Tefl on inter-
positor is small, a repeat MVD is indicated, as 
interpositor displacement may cause a very 
acute recurrence (Amador and Pollock  2008 ).   

   4.    If the fi rst MVD was performed by a less 
experienced surgeon and surgical video is 
unavailable, a repeat MVD is indicated, as 
sometimes the VIII and VII cranial nerves 
may be mistaken as the trigeminal sensory 
and motor roots (Amador and Pollock  2008 ).   

   5.    Otherwise, if the fi rst MVD is regarded as 
proper, a negative re-exploration is very likely 
to take place, it’s better to choose less invasive 
procedures. As Amador reported, when no 
addition neurovascular confl ict was found in 

repeat MVD, the surgeon usually performed a 
partial nerve section, which leads to compa-
rable sensory loss than that from gamma-knife 
and radiofrequency trigeminal rhizotomy 
(Amador and Pollock  2008 ).     

 Techniques for early repeat MVD: The previ-
ous incision is used. If necessary, the craniec-
tomy should be enlarged to the edge for the 
transverse sinus and sigmoid sinus. If arachnoid 
membrane is not opened suffi ciently, additional 
dissection is needed in reoperation. Sometimes, 
one or more giant veins attach fi rmly to the cere-
bellar surface and drain to the superior petrosal 
vein, making it very diffi cult to expose the REZ 
of trigeminal nerve. The cerebellar fi ssure 
approach is useful in this situation (Zhu et al. 
 2014 ). The arachnoid membranes covering the 
petrosal fi ssure and superior cerebellopontine fi s-
sures were dissected sharply. After these fi ssures 
were dissected, a pyramid-shaped space was 
opened, with the bottom triangle facing the REZ 
of trigeminal nerve root. The large veins are the 
lateral edge of this triangle. We could perform 
decompression procedure of the REZ though this 
pyramid-shaped space, while the major venous 
drainage was preserved. In reoperation, the previ-
ously inserted Tefl on felt was checked at fi rst in 
order to confi rm if it had moved or if the decom-
pression was suffi cient. Afterward the whole 
course of the V cranial nerve was inspected 
 thoroughly. The nerve root was divided into fi ve 
zones. Zone 1–4 are the rostral, caudal, medial, 
and lateral aspects of the REZ; and zone 5 is the 
free cisternal portion. In reoperation, more atten-
tion should be paid to the following vascular 
compression.

    1.     Intraneural vessels: small vein can be coagu-
lated and cut; big vein or artery should be 
wrapped by thin pieces of Tefl on felt. In our 
experience, vessel in contact with the motor 
root may also cause pain, since there are some 
small communications between the sensory 
and motor roots (Zheng et al.  2012c ).   

   2.     Vessels in zone 3 tend to be neglected in the 
fi rst MVD, because this area cannot be seen 
directly. The nerve should be pulled gently 
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rostrally and then caudally to expose zone 3, 
and Tefl on interpositor inserted from one side 
should be viewable from the other side.   

   3.     Small or medium vein located at zone 4 can 
be exposed via the cerebellar fi ssure approach; 
otherwise, it may hide in the cerebellopontine 
fi ssure (Zhu et al.  2014 ).   

   4.     Vessels near or in the Meckel’s cave.    

  Small compressing veins can be coagulated 
and cut. Arteries or large veins should be inter-
posed with Tefl on felts. Sometimes, the vein is 
attached fi rmly to the nerve root and brainstem, 
and mobilizing is impossible and dangerous. In 
this situation, we can gently dissect a small gap 
between the vein and the nerve root using a fi ne 
dissector; then small pieces of wet gelatin sponge 
were fi lled into the gap one by one, so as to 
expand the gap. When the vein was completely 
detached from nerve, a piece of Tefl on sponge 
was interposed into this gap. 

 If the re-exploration is negative, a partial nerve 
section is indicated, according to the distribution 
of affected branches (Amador and Pollock  2008 ).  

14.6.2     Late Reoperation for Persist 
or Recurrent Trigeminal 
Neuralgia 

 For those patients cured by the MVD, the rate of 
recurrence of facial pain was 6–30 % in follow-
 up studies, with the annual rate of recurrence 
between 1 and 3.5 % (Sun et al.  1994 ). TN 
involving more than two branches of distribution 
tends to have recurrences, probably due to the 
broader sensitive area over the root entry zone in 
those cases involving multiple branches, so that 
the chance of recurrence was higher. 

 The most frequent causes of recurrence of 
symptoms are incomplete decompression, migra-
tion of the inserted Tefl on felt, adhesion, or fi bro-
sis between the offending artery and the nerve. 
Venous compression is an important factor that 
contributes to recurrence of trigeminal neuralgia 
(Lee et al.  2000 ). In addition, Tefl on compression 
is a common course of recurrent trigeminal neu-
ralgia. Tefl on felt may cause severe adhesion, and 

granulomatous formations. The time necessary 
for Tefl on felt to cause a fi brotic change ranges 
from 10 months to 5 years. Almost 25 % of recur-
rent TN patients had signifi cant compression 
resulting from excessive Tefl on placement at 
their fi rst MVD. Tefl on seems to have the ten-
dency to expand and adhere to the tentorium 
rather than the brainstem over time, interpreting 
that Tefl on granule compression is more common 
in TN than in HFS (Chen et al.  2000 ). 

 Amador reported surgical fi ndings of 29 cases 
of repeat MVD (Amador and Pollock  2008 ). 
Compression of the nerve was found in 24 patients 
(83 %) by an artery (13 patients, 45 %), vein (4 
patients, 14 %), or Tefl on (7 patients, 24 %). Four 
patients (14 %) who underwent operations in 
other hospital had incorrect cranial nerves decom-
pressed at their fi rst surgery. The surgical out-
comes of repeat MVD are comparable with 
percutaneous needle-based techniques and stereo-
tactic radiosurgery. Therefore, they supposed that 
patients with persistent or recurrent TN should be 
considered for repeat MVD. Lee suggested that 
MVD remains the optimal treatment for the recur-
rent TN attributable to vein regrowth. Barker 
stated that repeat MVD is a feasible therapeutic 
option with good chances of success, even in 
patients who have undergone neurodestructive 
procedures. Complication rates, particularly facial 
numbness, can be avoided if only a limited neu-
rolysis is performed (Bakker et al.  2014 ). 

 In contrast, some authors declared that patients 
with persist or recurrent TN should be fi rstly rec-
ommended to undergo less invasive procedures 
to achieve pain relief for two reasons. For one 
reason, the success rate of repeat MVD is signifi -
cantly lower than primary operations. Complete 
pain relief at 10 years in 64 % of patients after 
their initial MVD compared with 42 % after 
undergoing a second operation. Secondly, the 
risk of facial numbness is greater for repeat 
MVD. Surgeons frequently have to perform a 
partial nerve section at the time of repeat MVD if 
there was no compelling compressive lesion. 
Thus, the chance of trigeminal injury is similar 
for repeat MVD compared with destructive pro-
cedures. As a result, the factor of preserving sen-
sory function that makes MVD the best option as 
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a primary procedure for idiopathic TN is largely 
negated when discussing the results of repeat 
MVD (Zhang et al.  2011 ). 

 To sum up, our opinion is that repeat MVD is 
better for those patients involving venous com-
pression in the fi rst operation, previously treated 
in a less experienced hospital, with young age 
and with good sensory function. And the destruc-
tive procedures are indicated for those patients 
probably involving non-vascular compression, 
with elder age, with poor sensory function, or 
with poor physical conditions. 

 Techniques for late repeat MVD: Operation is 
performed via suboccipital retromastoid approach. 
The skin incision is the same as the previous scar. 
After subcutaneous dissection and removal of the 
titanium wire mash, the previous craniectomy is 
enlarged a little until the angle between the trans-
verse sinus and sigmoid sinus was reached. Then 
the dura mater is opened. After sharp dissection of 
the adhesion between the dura and the cerebellum, 
the cerebellar hemisphere is retracted gently while 
CSF is drained away. The adhesive tissue among 
the cranial nerves, vessels, and the cerebellar sur-
face is dissected sharply. Decompression of the 5th 
cranial nerve for many offending vessel or Tefl on 
felt is the goal of repeat MVD. To this end, explora-
tion of the full course of the nerve root is necessary, 
including the REZ (zone 1–4) and the cisternal por-
tion (zone 5). Exposing sequence and technique are 
similar to that in early reoperation, however, with 
much more effort in managing adhesion and bleed-
ing. If the recurrence was caused by new vascular 
compression, Tefl on felt was used to interpose the 
nerve root and the vascular loop. Otherwise, if 
adhesion was induced by Tefl on felt, then the previ-
ous Tefl on felt and the granulomatous tissue were 
removed. No more Tefl on felt was inserted. If no 
compressing lesions were noted at the time of reop-
eration, a partial nerve section was performed 
(Amador and Pollock  2008 ).      
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      Perioperative Adverse Events 
of Microvascular Decompression: 
Review and a Personal Experience 
of 2263 Cases                     

     Doo-Sik     Kong      and     Kwan     Park     

    Abstract 

  Background   Microvascular decompression (MVD) is effective treat-
ment modality for the treatment of trigeminal neuralgia and hemifacial 
spasm. However, there are potential risks of MVD generally related to 
the surgical technique and particularly to manipulation around the cra-
nial nerve. The purpose of this study was to identify possible adverse 
events after MVD and to establish the strategies to minimize the compli-
cations after MVD.  
  Methods   We reviewed the literatures focusing on the adverse events after 
MVD and analyzed our personal series of 2263 cases.  
  Results   The complications after MVD include facial palsy, middle ear 
effusion, hearing loss, dysgeusia, other cranial nerve defi cits, thromboem-
bolic or hemorrhage complication, etc. The complications can be classi-
fi ed into transient and permanent defi cits. For transient complications, 
patient’s reassurance is important, and for permanent form, we should 
keep in mind the disciplined surgical technique, collaborative intraopera-
tive monitoring, and development of modern equipments.  
  Conclusion   We believe that a signifi cant proportion of these complica-
tions can be avoidable through development and testing of standardized 
protocols to incorporate monitoring technologies and specifi c technical 
practices, teamwork and communication, and concentrated volume and 
specialization.   

  Keywords  

  MVD   •   Complications   •   Avoidable   •   Standard protocols   •   Techniques  

     Microvascular decompression (MVD) is consid-
ered the treatment of choice for trigeminal neural-
gia and hemifacial spasm and is a safe and 
effective treatment option for defi nitive cure. 
However, there are potential risks of MVD 
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 generally related to the surgical technique and 
 particularly to manipulation around the cranial 
nerve. Common complications included facial 
palsy, hearing impairment, cerebrospinal fl uid 
leaks and fi stulas, cranial nerve defi cits, and cere-
brovascular events. In particular, cerebrovascular 
events, although relatively rare, remains a signifi -
cant problem. Hemorrhagic complications carry 
by far the highest risk of devastating neurological 
outcome in functional neurosurgery. Estimating 
the predictive risk factors of postoperative com-
plications is a challenging issue. Increased region-
alization, more stringent volume requirements, 
and greater standardization and more rapid assim-
ilation of standardized devices may prove benefi -
cial for the more technical complications of 
surgery, but these strategies have not been ade-
quately evaluated. This study reviews the factors 
that may predict susceptibility to post- MVD com-
plications and addresses therapeutic choices, 
adjunctive therapies, and technological applica-
tions that may help with complication avoidance. 

15.1     Transient and Permanent 
Defi cits 

 Postoperative complications after MVD can be 
classifi ed into transient and permanent defi cits. 
Transient complications include facial palsy, 
hearing defi cit, and cerebrospinal fl uid leak. 
Permanent complications include hearing loss, 
facial palsy, and hemorrhagic/thromboembolic 
events (Miller and Miller  2012 ; Huh et al.  2008 ). 
Transient complications can be overcome by 
close follow-up of symptom change, appropriate 
warning for possible conversion to the permanent 
defi cits, and simultaneously reassuring the 
patients. Huh et al. published in 2008 that postop-
erative complications were noted in 545 (35.8 %) 
patients. Among them, facial palsy, hearing defi -
cit, and low cranial nerve palsies were found in 
18.6 % ( n  = 283), 7.2 % ( n  = 109), and 2.8 % 
( n  = 43), respectively. However, permanent facial 
weakness, hearing defi cit, and lower cranial 
nerve palsies such as hoarseness and dysphagia 
were encountered in 1.2 % ( n  = 18), 2.1 % 
( n  = 32), and 0.1 % ( n  = 2), respectively (Huh 

et al.  2008 ). Therefore, 1-year or longer follow-
 up monitoring is required before determination 
of “permanence” with respect to cranial nerve 
dysfunction (Huh et al.  2008 ). 

 There are some differences of the incidence of 
complications after MVD between trigeminal 
neuralgia and hemifacial spasm. In our series of 
2263 patients undergoing MVD (under submis-
sion), the most common complications after 
MVD for trigeminal neuralgia was middle ear 
effusion (MEE) (5.38 %), followed by hearing 
impairment (1.35 %), dysgeusia (1.35 %), and 
wound complications (1.35 %). After MVD for 
hemifacial spasm, the most common complica-
tions were facial nerve palsy (8.19 %), followed 
by MEE (5.38 %) and hearing defi cits (3.63 %). 
In the following sections, we are to discuss each 
complication of MVD, which we can encounter 
commonly. 

15.1.1     Facial Palsy 

 Facial palsy is the most common complication of 
MVD for hemifacial spasm. The incidence of 
facial palsy is reported to be 14.3–18.6 % (Miller 
and Miller  2012 ; Huh et al.  2008 ). Facial palsy 
can be classifi ed into two groups based on the 
mode of onset. Immediate facial palsy occurs 
immediately after surgery within 24 h, where 
delayed facial palsy usually occurs over a 24-h to 
7-day period after the operation (Hongo et al. 
 1985 ). Recent literatures showed that the rate for 
incurring delayed facial palsy following MVD is 
2.8–8.3 % (Lovely et al.  1998 ; Rhee et al.  2006 ; 
Furukawa et al.  2003 ; Han et al.  2012 ) and was 
reversible in almost all the cases. Recently, in our 
2263 cases series, we found that facial palsy 
occurred in 169 (7.47 %) cases. Eighteen patients 
(0.80 %) exhibited immediately after surgery, 
and 151 patients (6.67 %) had facial palsy after a 
delayed period. Severity of immediate-onset 
facial palsy was higher than delayed-onset facial 
palsy. In cases of trigeminal neuralgia, there was 
no incidence of immediate-onset facial palsy, but 
two cases had delayed-onset facial palsy. 

 The accurate mechanism of postoperative 
facial palsy remains unclear. Possible etiologies 
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of facial palsy include direct injury in the exit 
zone of facial nerve injury by the Tefl on felt, 
delayed facial nerve edema by manipulation, or 
disturbance of microcirculation due to vasospasm 
(Huh et al.  2008 ; Lovely et al.  1998 ; Rhee et al. 
 2006 ). Finding that most cases of facial palsy 
occur in the hemifacial spasm rather than trigem-
inal neuralgia showed evidence that immediate- 
onset facial palsy is caused by direct injury to 
facial nerve. During the surgical fi eld, any degree 
of stretching force on the nerve can be added by 
cerebellar retraction to secure operation fi eld. In 
general, the facial weakness can resolve sponta-
neously, with excellent outcomes (Lovely et al. 
 1998 ; Rhee et al.  2006 ; Samii et al.  2002 ; Kondo 
 1998 ). Cause of delayed-onset facial palsy is 
unknown. The theory of viral origin may have 
reliable rationale (Lovely et al.  1998 ; Rhee et al. 
 2006 ; Furukawa et al.  2003 ; Hung et al.  2002 ; 
Badr-El-Dine et al.  2002 ). The manipulation of 
the nerve could stimulate a dormant virus, possi-
bly localized in the geniculate ganglion. 
Postoperative facial palsy is usually managed 
with extensive rehabilitation, and reoperations 
are rarely required (Lovely et al.  1998 ; Rhee 
et al.  2006 ; Furukawa et al.  2003 ; Han et al.  2012 ; 
Dannenbaum et al.  2008 ; Jeon et al.  2010 ).  

15.1.2     Hearing Impairment 

 Hearing impairment is a relatively infrequent but 
signifi cant risk of the MVD caused by damage to 
the vestibulocochlear nerve. In general, hearing 
impairment is defi ned as either an increase of 
more than 15 dB of average pure tone audiogram 
(0.5, 1, 2 K) threshold according to bone conduc-
tion or an increase of more than 20 % of speech 
discrimination scale related to baseline hearing. 
Excessive and forceful retraction of the cerebel-
lum is supposed to be a major reason of hearing 
impairment after MVD. Profound sensorineural 
hearing loss is a recognized complication of 
MVD for hemifacial spasm with a reported inci-
dence of 1.9–20 % (Miller and Miller  2012 ; 
Dannenbaum et al.  2008 ; Chung et al.  2001 ; Fritz 
et al.  1988 ; Hatayama and Moller  1998 ; Hyun 
et al.  2010 ; Jannetta and Hirsch  1993 ; Jannetta 

et al.  1986 ; Jo et al.  2011 ,  2013 ; Moffat et al. 
 2005 ; Moller and Jannetta  1983 ; Park et al.  2009 ; 
Rosseau et al.  1993 ; Sekiya et al.  1991 ; Shah 
et al.  2012 ; Vasama et al.  1998 ). These reports 
may underestimate the true incidence of hearing 
loss because preoperative and postoperative 
audiograms are not always available for 
comparison.   

15.2     Possible Mechanism 
of Hearing Loss 

 Hearing loss after MVD may occur for the fol-
lowing reasons (Miller and Miller  2012 ; 
Dannenbaum et al.  2008 ; Chung et al.  2001 ; Fritz 
et al.  1988 ; Hatayama and Moller  1998 ; Hyun 
et al.  2010 ; Jannetta and Hirsch  1993 ; Jannetta 
et al.  1986 ; Jo et al.  2011 ,  2013 ; Moffat et al. 
 2005 ; Moller and Jannetta  1983 ; Park et al.  2009 ; 
Rosseau et al.  1993 ; Sekiya et al.  1991 ; Shah 
et al.  2012 ; Vasama et al.  1998 ):

    1.     Stretching of the 8th nerve when retracting 
the cerebellum; the manipulation of the nerve 
is likely to lead to the stretching or spasm of 
the vasa nervorum and consequent ischemic 
phenomena.   

   2.     Manipulation of the labyrinthine artery and/
or the anteroinferior cerebellar artery; the 
cochlea receives its blood supply from the 
internal auditory artery. Damage to the artery 
leads to cochlear ischemia or infarction which 
may affect wave I.   

   3.     Direct trauma to the nerve by instruments or 
nearby coagulation.   

   4.     Neo-compression of the nerve by the prosthe-
sis interposed between the offending vessel 
and the 7th nerve complex at the end of sur-
gery (Polo et al.  2004 ; Sindou  2005 ).   

   5.     Recently, we reported a new possible mecha-
nism of hearing loss due to increased intracra-
nial pressure from overinfusion of saline with 
dural closure (Jo et al.  2013 ); intradural com-
pression due to overinfusion of saline may 
lead to postoperative hearing loss, although 
the incidence is low, and immediate decom-
pression by drainage may be required.    
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  Recently, Ying et al. ( 2013 ) suggested that 
high-frequency hearing loss occurs in a signifi -
cant number of patients following MVD surgery 
for hemifacial spasm. Drill-induced noise and 
transient loss of CSF during surgery may impair 
hearing in the high-frequency ranges on both the 
ipsilateral and contralateral sides. 

 Considering the fl occulus covering the VII–
VIII nerves complex, it is diffi cult to directly 
approach in a dorsoventral direction and com-
pletely observe the root exit zone of facial nerve. 
Cerebellar retraction may be mandatory to 
observe the exit zone of facial nerve, and it is 
sometimes closely associated with postoperative 
hearing deterioration. In the recent literature, Lee 
et al. ( 2015 ) suggested that preoperative assess-
ment of pathological anatomy by MR imaging 
can predict the degree of cerebellar retraction 
intraoperatively and attempted to show indirectly 
the correlation of cerebellar retraction with BAEP 
change. 

 Rarely, sudden deterioration in brainstem 
auditory evoked potentials (BAEP) occurs during 
or immediately after craniectomy, probably 
caused by an edema in the intracanalicular tract 
of the nerve. The vibrations caused by drilling for 
craniotomy is transmitted to the rocca petrosa 
and may lead to edema and subsequent ischemia 
of the cochlear nerve, resulting in a reversible 
blockade of its transmission capacities (Lee et al. 
 2015 ). Grundy et al. suggested that hypoperfu-
sion should be considered as a contributing fac-
tor, when decreasing of the amplitude without 
prolongation of the latency (Grundy et al.  1982 ). 
The amplitude of BAEP can depend upon the 
individual situation such as recording conditions, 
electrode impedance, and a number of unknown 
factors (Moller  1995 ).  

15.3     Role of BAEP 

 Intraoperative monitoring of brainstem auditory 
evoked potentials (BAEP) is useful for reducing 
the risk of hearing impairment in patients under-
going the cerebellopontine angle (CPA) surgery 
including MVD (Hatayama and Moller  1998 ; 
Lee et al.  2009 ; Sindou et al.  1992 ). The surgical 

procedure most frequently associated with BAEP 
deterioration is traction and/or compression of 
the nerve during the course of the maneuvers to 
release the nerve structures from the vascular 
loop. These BAEP changes may refl ect direct 
mechanical or thermal damage to the brainstem, 
brainstem compression, or ischemia or infarction 
resulting from vascular compromise. Our experi-
ence supported that during MVD surgery, if the 
decrease of amplitude and prolongation of 
latency in wave V are rapid and the changes do 
not recover with correction, the possibility of 
hearing loss is high (Ying et al.  2013 ). 

 Some authors suggested that a latency prolon-
gation of as little as 0.5 ms of the wave V or a 
reduction of amplitude more than 50 % in wave 
V was a strong indicator of hearing impairment 
(Hatayama and Moller  1998 ; Jo et al.  2011 ; 
Sindou et al.  1992 ; Acevedo et al.  1997 ). 
However, Polo et al. ( 2004 ) suggested that the 
I–V interpeak latency, or the latency of wave V, 
was an effective and predictive indicator of post-
operative hearing. Ying et al. ( 2014 ) demon-
strated that hearing impairment has earlier change 
in the amplitude of wave V and peak I–V latency 
during intraoperative BAEP monitoring for MVD 
of hemifacial spasm. To date, there is no consen-
sus regarding the criteria for signifi cant intraop-
erative BAEP change. In our series of 2165 cases, 
incidence of hearing impairment was 2.74 % 
with no BAEP change, 6.17 % with change of the 
amplitude <50 %, 11.76 % with change of the 
amplitude >50 %, and 35.29 % with loss of wave 
V (under submission).  

15.4     Strategies to Minimize 
the Hearing Impairment 
during or after MVD 

 Intraoperative BAEP monitoring has an essential 
role of alarming for preservation of hearing. 
Comprehensive understanding of surgical anat-
omy around the structures and optimal approach 
can reduce the risk of possible hearing impair-
ment. In addition, minimal retraction of the cer-
ebellum is very critical, and the endoscope may 
be helpful if it can provide a second look to iden-
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tify the nerve root entry zone and confi rms the 
position of the Tefl on felt (Badr-El-Dine et al. 
 2002 ; Lee et al.  2014 ; Bohman et al.  2014 ; Liang 
et al.  2009 ; Cheng et al.  2008 ; Kabil et al.  2005 ). 

15.4.1     Other Cranial Nerve Defi cits 

 As a rare complication following MVD, some 
patients sometimes complain of various nature of 
dysgeusia (impairment of the sense of taste), 
including tongue numbness, continuous sour 
taste, and hypogeusia. In our series of 2263 
series, 11 patients had persistent dysgeusia. 
Injury to nervus intermedius or the trigeminal 
nerve can develop abnormal sensation of taste 
involving anterior two-thirds of the tongue and 
fl oor of the mouth and the palate (Grant et al. 
 1987 ; Natarajan  2000 ; Nicol et al.  2000 ). Unlike 
other complications, the prognosis of dysguesia 
was poor. It is very uncommon that there is spo-
radically trochlear or abducens nerve palsy after 
MVD (Barker et al.  1995 ). Sometimes vocal cord 
palsy occurs. As a result, patients showed asym-
metric soft palate elevation, uvula deviation, or 
phonation diffi culty. 

 For MVD for hemifacial spasm, lower cranial 
nerve palsy should be considered as an uncom-
mon complication. The clinical manifestations of 
lower cranial nerve palsies include hoarseness, 
dysphagia, and swallowing diffi culty. However, 
those symptoms can be more commonly caused 
by other perioperative complication such as 
intubation- related injury to pharynx or vocal 
cord. In most cases, lower cranial nerve palsy has 
a self-limiting course.  

15.4.2     Cerebrospinal Fluid (CSF) 
Leakage 

 Middle ear effusion (MEE) was frequently found 
in 5.38 % of our series. MEE does not always 
mean active leakage of CSF. It can be sometimes 
caused by saline irrigated or blood through 
exposed mastoid air cells during surgery. As 
another result of CSF leak, patients can have CSF 
rhinorrhea. Fortunately, most patients recover 

spontaneously. For intractable CSF leaks, more 
active management such as CSF drainage via lum-
bar puncture, myringotomy, or revision surgery 
should be considered. To avoid postoperative CSF 
leak, meticulous sealing with bone wax, when 
mastoid air cells are open, should be performed.  

15.4.3     Hemorrhagic or 
Thromboembolic 
Complications 

 Hemorrhagic complication is the most serious 
complication after MVD and is life-threatening. 
Representative cerebrovascular events include 
subdural hematoma, cerebral infarction from dis-
turbance of venous outfl ow, dural arteriovenous 
fi stula, etc. To reduce the retraction injury, overd-
rainage of CSF can be often performed. However, 
because overdrainage of CSF is often associated 
with the tear to bridging vein, leading to supra-
tentorial subdural hematoma, it should be kept in 
mind to infuse saline adequately before the dural 
closure. It will be also helpful to minimize the 
pneumocephalus. 

 There is no defi nitive evidence that the sacri-
fi ce of the inferior petrosal vein does not carry the 
risk of venous hypertension or infarction. 
Considering the rare incidence of events, it is 
very diffi cult to draw any conclusion regarding 
the safety of the sacrifi ce of petrosal vein; how-
ever, we believe that unnecessary sacrifi ce of 
inferior petrosal vein should be avoided. Rarely, 
disturbance of blood fl ow through transverse 
sinus by air embolism can contribute the ipsilat-
eral temporal lobe infarction. Treatments for 
cerebrovascular events must be selected carefully 
based on the etiology of the condition.  

15.4.4     Complications after MVD 
in the Elderly Patients 

 Recently, Youn et al. ( 2013 ) demonstrated the 
incidence of complications associated with MVD 
in the elderly patients over 60 years. The authors 
showed that complications were more common 
in the elderly patients than in the younger group. 
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In the elderly patients, signifi cant difference in 
the incidence of permanent hearing defi cits was 
found (3.9 % vs. 1.9 %,  p  = 0.042). Comorbid 
stroke history and multiple offenders were the 
risk factors for hearing loss after surgery. The 
authors speculated that more common hearing 
loss after MVD occurred, because the elderly 
patients were more vulnerable to the damage to 
the microcirculation. However, there was no dif-
ference in serious complications such as hemor-
rhage, thromboembolic infarct, and death 
between both groups. Here, the authors recom-
mended that MVD was also effective in elderly 
patients, but surgeons should be more careful for 
relatively higher complications rate.  

     Conclusions 

 In conclusion, in an attempt to reduce the 
major morbidities associated with MVD, the 
disciplined implementation of the surgical 
techniques collectively contributes to lower 
incidence of morbidities: (1) proper direction 
and adequate retraction of cerebellum, (2) 
gradual retraction of the cerebellum as CSF is 
allowed to drain, and (3) preservation of 
arachnoid sheath over the CN VIII and CN VII 
complex (Bond et al.  2010 ). The above-
described surgical technique and development 
of modern equipments can reduce complica-
tions and will ensure more favorable outcome 
(Barker et al.  1995 ). In addition, collaborative 
monitoring and evaluation of such protocols 
are likely necessary for the advancement of 
MVD. We believe that a signifi cant proportion 
of these complications may be avoidable 
through development and testing of standard-
ized protocols to incorporate monitoring tech-
nologies and specifi c technical practices, 
teamwork and communication, and concen-
trated volume and specialization.     
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