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The most common benign tumor of the cerebellopontine angle is variously known as
acoustic neurinoma, acoustic neuroma or acoustic schwannoma and accounts for 6%
to 8% of all intracranial neoplasms. The nomenclature of the tumor, however, changes
over time. Because the tumor most commonly arises from the superior vestibular
nerve instead of the acoustic division of the eight cranial nerve and is composed
of the Schwann cells in the neurilemma, the more adequate term “vestibular
schwannoma” (VS) has been proposed and will therefore be used throughout this
thesis (1,2).

The incidence rate of VS now varies between 1-1.5 per 100,000/ year, although the
widespread use of magnetic resonance imaging (MRI) may lead to detection of more
tumors and an increase of the incidence rate (3-5). VS are usually found in adults with
a mean age ranging from 46 to 58 and with female predilection in several series (6-8).
They occur in two different clinical presentations. The unilateral sporadic vestibular
schwannomas, which are not hereditary, consist of about 95% of cases. Approximately
5% of all patients with vestibular schwannomas have neurofibromatosis type two
(NF2), which occurs in 1 per 50,000 of the general population and which is generally
found in children or young adults (9). NF2 is autosomal dominant and is characterized
by the development of bilateral vestibular schwannomas, peripheral schwannomas,
meningiomas and presenile lens opacities. The NF2 gene has been mapped to
chromosome 22 and is thought to be a ‘tumor suppressor gene’. Like other tumor
suppressor genes (such as p53), the normal function of the NF2 gene is to stall cell
growth and division, ensuring that cells do not divide uncontrollably. A mutation in
the NF2 gene impairs its function, and accounts for the clinical symptoms observed
in NF2 patients. There are major differences in both clinical presentation as well as
choice of treatment between the unilateral and bilateral tumors and therefore this
thesis will be limited to the unilateral sporadic vestibular schwannomas.

Vestibular schwannomas usually cause unilateral hearing loss, tinnitus and
sometimes dizziness or vertigo. In larger tumors unsteadiness, trigeminal symptoms
and long tract symptoms may arise. However, symptoms due to affected lower cranial
nerves are rarely seen. In very large tumors, brain stem compression, obstructive
hydrocephalus and increase of intracranial pressure can also be observed. For
many years, VS was diagnosed using standard audiometry together with auditory
brain stem evoked responses (ABRs), which is a sensitive indicator of retrocochlear
pathology, and computer tomography of the internal auditory canal. This method
could demonstrate a widening of the porus or when contrast enhanced, a VS
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extending into the cerebellopontine angle (CPA). Nowadays, contrast enhanced MRI
using T1-weighted images, is the gold standard for diagnosing VS and tumors as small

as 2-3 mm can be detected (10).

Vestibular schwannoma treatment

Microsurgery

More than a century after Eduard Sandifort (1742-1814), professor of anatomy at the
University of Leiden, described the first presumptive case of VS, Sir Charles Balance
(1856-1936) successfully operated on a VS for the first time in 1894 (11,12). In his
surgical report, he described the difficulties of getting his index finger around the
tumor to achieve removal. But the patient was still alive after surgery albeit with a
fifth and seventh nerve palsy.

Several decades later, the treatment of VS had been further developed, but still
with high operative mortality: for instance, at the 1913 International Conference
of Medicine in London, the perioperative mortality in the major centers was
reported at 78% and most survivors experienced significant postoperative morbidity
(13). However, surgical techniques continued to evolve with the introduction of
different surgical approaches, better anesthesia and use of antibiotics. One of the
greatest improvements of that time was probably the introduction of the operating
microscope by the otologist William House in 1961. As of that time, the VS field
was no longer dominated by neurosurgeons like Harvey Cushing or Walter Dandy.
Together with William Hitselberger, also a renowned neurosurgeon, House could
further develop surgical approaches like the translabyrinthine (TL) and middle fossa
(MF) approach. They became a unique surgical team and were thereby the founders
of the close cooperation between otologists and neurosurgeons in the treatment of
VS, a cooperation which still exists today. In 1968, House reported on 141 patients
with a 72% facial nerve preservation rate. In 1978, in a subsequent series of 500
VS patients, the facial nerve was anatomically preserved in 96.6% of these patients
(14,15). With the use of new surgical approaches and more recently intraoperative
facial nerve monitoring, it was not only possible to save the life of a patient suffering
from VS, but the tumor could now be removed more radically. Moreover, important

structures such as the facial nerve and inner ear could also be saved.
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Nowadays, the perioperative mortality has become less than 1%, with favorable
cranial nerve outcomes reported by the major centers (16-22). However, despite
these advances, considerable risk still exists to both facial nerve functioning and
hearing. Furthermore, microsurgery may lead to complications such as postoperative
intracranial haemorrhage, cerebrospinal fluid (CSF) leak and meningitis.

Radiosurgery

During the evolution of microsurgical treatment, others were working to develop
new concepts for tumor management. In 1969, Lars Leksell was the first to treat
vestibular schwannomas with Gamma Knife radiosurgery at the Karolinska Hospital
in Stockholm, Sweden (23). He proposed the technique of focusing multiple beams
of external radiation on the stereotactically defined intracranial tumor. The average
of these intersecting beams results in very high doses of radiation in the tumor, but
very low doses to non-target tissues along the pathway of each beam. The modern
Gamma Knife consists of 201 fixed cobalt radiation sources in a fixed hemispherical
array, such that all 201 photon beams are focused on a single point. The patient
is stereotactically positioned in the Gamma Knife so that the intracranial tumor
coincides with the isocenter of radiation. The radiation target volume is shaped
conform to the intracranial tumor using beam blocking, variable collimation and
multiple isocenters.

Another radiation alternative for the treatment of VS is conventional radiotherapy
(24). This technique, by contrast, delivers the dose to the tumor in fractions. The dose
can be targeted using stereotaxy as well as conformal techniques.

This thesis will discuss the results of radiosurgical treatment of VS using the
linear accelerator (LINAC) system. In 1984, an alternative radiosurgical option, the
LINAC, was first described by Betti et al (25). Since then, the precision and accuracy
of the LINAC systems have been further improved and modified for the required
radiosurgical application (26, 27) Most LINAC systems rely on the following basic
principles: a collimated photon beam is focused on the stereotactically identified
intracranial tumor. The gantry of the LINAC rotates around the patient, producing
an arc of radiation focused on the tumor. The patient couch is then rotated in the
horizontal plane and another arc is performed. In this manner, multiple non-coplanar
arcs of radiation intersect at the target volume and produce a high target dose, with
minimal radiation dose to surrounding tissue. The dose concentration method is
analog to the multiple intersecting beams of cobalt radiation in the Gamma Knife
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system. Again the target dose distribution can be shaped according to the tumor
using variable collimation, multiple isocentres or changing the arc angles. Dose
distributions are the same for LINAC based and Gamma Knife systems.

In the past, results from radiosurgical studies showed relatively impaired cranial
nerve functions, which were probably caused by the higher dose of radiation to
the tumor margin and higher target volumes. Moreover, at that time, radiosurgery
was planned with early generation CT scans with relatively poor quality, making it
more difficult to dose planning to the tumor margin. At the present time, advances
in dose planning software and MR imaging together with a gradual decline in the
prescribed dose of radiation have significantly improved cranial nerve outcomes,
have reduced complication rates and have resulted in promising long term tumor
control (28-34). However, there are some limitations to the treatment. For instance,
the goal of treatment is to achieve tumor control and not removal, which means
that with this technique there is no ability to relieve the mass effect of the tumor.
Moreover, in order to avoid complications, lower and potentially less effective doses
are required for higher tumor volumes. This limits the use of radiosurgery to the
treatment of smaller tumors. Furthermore, the evidence regarding long term tumor
control after low dose radiosurgery is only recently becoming available. Another
limitation is the need for lifelong follow-up even after successful treatment. Despite
these limitations, there is increasing evidence that radiosurgery is a safe and effective
alternative therapy for vestibular schwannomas (28-30).

Observation

Technical advances such as the advent of magnetic resonance imaging (MRI)
also made it possible to detect small tumors early in patients with minimal or no
symptoms. With the widespread use of MRI, the relative incidence of smaller tumors
has risen significantly. Moreover, increased knowledge on the natural history of
these tumors shows that most VS are slow growing or do not grow at all (35,36). In a
recent meta-analysis Smouha et al. found a mean growth rate of 1.9 mm/year during
an observation period of 3.2 years (37). Some reports also describe spontaneous
involution or rather rapid growth (38,39). As a result, experts in the field of skull
base surgery have questioned the need for major skull base surgery in every case of
VS. Despite advances in microsurgical treatment, patients may be left with deficits,
which are not insignificant and outcomes may not automatically equate improved
QolL. Other factors might also influence the decision to refrain from treatment such
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as advanced age or severe comorbidity or the fact that the tumor is located at the
only hearing ear. Therefore, in many centers, a more conservative approach has been
proposed for small and medium-sized tumors, in which no treatment is offered to
the patients, but an initial wait and scan surveillance until there is evidence of tumor
progression or significant increase of symptoms (40-44). This approach has been
increasingly supported in the literature and obviously has great appeal for patients.
However, there are some limitations to this kind of approach of VS. The natural
course of the tumor is still uncertain, for instance there are no predictive factors for
tumor growth or progression of symptoms and delayed treatment in case of growth
may impose greater morbidity (44). Furthermore, a wait and scan policy offers no
definite treatment and necessitates a prolonged and probably lifelong follow-up.

Treatment decisions

As described above, VS patients have several treatment options including observation,
microsurgery and stereotactic radiosurgery. However, the treatment of VS patients
is still controversial with advocates and opponents of each modality. There is a large
amount of literature supporting these three modalities, which are often separately
assessed and only sometimes compared to each other. Despite this abundance, the
evidenceis generally no better than class lllin the Cochrane classification of the quality
of evidence (45). Thus, it appears that well-designed, randomized controlled studies
(RCTs) are required in order to improve the quality of the evidence and compare the
different modalities. However, the difficulty of such a study is that the three methods
of VS management have totally different goals. The aim of microsurgery is complete
tumor removal whereas radiosurgery aims to control tumor growth assuming that
patients will not need additional treatment. Wait and scan offers patients tumor
surveillance under the assumption that most tumors do not grow. Until now, there is
no hard evidence for any of these approaches. First, there should be some consensus
on the goals and success criteria of treatment of VS before RCTs can be undertaken.

In general, the choice of treatment for many patients depends on their own
specific goals and on the expected results from their treatment. Before this decision,
every patient must be provided with information about all available treatment
options, including the advantages and disadvantages of each, as this is the basis for
informed consent. Traditionally, the primary outcome measures in the evaluation
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of treatment have evolved around mortality and morbidity. However, there is an
increased interest concerning the impact of interventions on function and quality
of life (QoL). QoL assessment may provide valuable information that is not always
supplied by traditional outcome measures. It is now well recognized that treatment
choices in individual patient care can be positively influenced by QoL assessment (46).
QoL can not only help to determine patient preference, or compare well-being after
different treatment modalities but also measure minor differences in response to

treatment which may be missed by the traditional outcome measures.

Patients’ perceptions

During the last 20 years, interest in patient reported outcomes (PROs) research has
increased enormously, especially towards health status and health care interventions
(46). Quality of life is an operationalization of PROs and represents the sum of an
individual’s physical, social, emotional, occupational and spiritual well-being. Defining
Qol is therefore a complex matter and a comprehensive definition does not exist (47).

The World Health Organization has proposed “the individual’s perception of their
position in life in the context of the culture and value systems in which they live and in
relation to their goals and expectations, standards and concerns” (48). This approach
isa more broad and generic conceptualization of QoL and can be differentiated from a
more specific ‘health-related QoL, which concerns those aspects of people’s lives that
impact directly their health status or the more economic cost-effectiveness models
of QoL. A widely used definition of ‘health-related Qol’ was proposed by Patrick and
Erickson: “the value assigned to the duration of life as modified by the impairments,
functional states, perceptions and social opportunities that are influenced by disease,
injury, treatment or policy” (49). More recently, Schipper et al. described health-
related QoL as: “the functional effect of an illness and its consequent therapy upon
a patient, as perceived by the patient” (50). These functional effects are divided into
three categories: physiological, psychological and social effects, which are thought to
adequately represent QoL.

Some of the first aspects of QoL assessment were introduced in 1949 by Karnofsky,
who used an index to evaluate treatment success in his patients. The Karnofsky
Performance Status is an observer-rated measurement to assess patients on a 0-100
scale (0 for ‘dead’ and 100 for ‘no evidence of disease, able to carry out normal
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activity and to work’) (51). Since that time, a number of rating scales for clinicians
have been developed, especially in the cancer research field. However, over time
the ratings on a patient’s QoL by others were considered as ‘surrogate’ and patients
themselves were asked to provide information concerning aspects of their QoL (46).
At present, PROs are considered as a recognized measure in modern health care
research.

InVS, QoL has long been a neglected area, given the quite low incidence compared
with other more common diseases such as cancer. In the latter area, QoL is assessed
with well-designed and validated measures and QoL has become a major outcome
variable, which also affects the choice of medical management (52). However, since
the beginning of the 1990s, QoL in VS has received increasing attention. One of
the first studies on PRO was performed by Wiegand et al. in 832 VS patients who
had joined a patient member organisation, the Acoustic Neuroma Association,
after microsurgical treatment between 1973 and 1983 (53). Results showed that
microsurgery has a significant impact on a patient’s quality of daily life and that
facial nerve dysfunction and hearing loss were the most difficult aspects to cope
with postoperatively. However, the authors also recognized that one of the major
limitations of their study was the patient sample itself, which consisted of operated
VS patients who had joined the self-help group. On the other hand, this group may
represent the majority of patients that underwent VS surgery in this period and
therefore the results may still reflect an average VS population after surgery. The
results of this study have led to numerous studies on the effects of microsurgery on
QoL (54-63). Most of these were performed using a retrospective design and the QoL
measures used were often not reliable or had not previously been used. However,
some did use validated questionnaires such as the Short-Form 36 Health Survey (SF-
36) or Glasgow Benefit Inventory (GBI) (60-63). They found that QoL was generally
impaired after microsurgical treatment. Interestingly, facial nerve function only
correlated weakly with impaired QoL whereas balance problems and hearing loss
most affected quality of functioning.

Valid and reliable measures are necessary to assess QoL. A widely used and
reliable measure of generic Qol is the SF-36, which has proven its reliability in a
variety of diseases throughout different patient populations. It assesses QoL in 8
domains and measures physical, psychological and social well-being. However, the
sensitivity of such a generic measure to otolaryngologic interventions or audiologic
or vestibular symptoms has been questioned (64). Disease-specific measures have
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been developed, therefore, in order to particularly assess QoL of patients with a
specific disease. Unfortunately, a validated disease-specific questionnaire has not
been developed specifically for VS patients yet. However, there are some studies
that use validated questionnaires addressing symptoms that are typically observed
in (treated) VS patients (56-59). Again, most of these studies were performed
retrospectively; they generally demonstrated a negative effect of surgery on the
subsequent symptoms and on QoL. Still, there is a need for validated disease-specific
guestionnaires, which might be combined with generic questionnaires in the future.

Until now, only a few studies report on QoL after radiosurgery or conservative
treatment and reports comparing different modalities are scarce (61,65-70). When
compared to microsurgical patients, patients treated with radiosurgery appear to
have a better QoL outcome. For instance, in the study by Régis, a better QoL was
reported after Gamma Knife surgery, but the QoL measures were not validated
(67). However, Myrseth et al. found better QoL after Gamma Knife treatment when
compared to microsurgical treatment using validated questionnaires (68). Surprisingly,
little is known concerning QoL in untreated VS patients (71). Generally, impaired
Qol is found for the three treatment modalities. However, often one can question
whether the reduction is caused by the treatment, by suffering from the tumor, or
by both. Both prospective studies with pretreatment QoL data or information from
untreated patient samples may be valuable in answering this hypothesis.

Another interesting subject is how patients perceive their illness and how
they cope with having an intracranial tumor. Given the quite solid status of QoL
as an outcome measure in medicine, researchers and clinicians started examining
determinants of QoL. This line of research, and its clinical application, might help to
develop interventions that improve QoL. One concept that was found to contribute
to variation across patients in their QoL was that of illness perceptions (72). lliness
perceptions (IPs) pertain to the idiosyncratic ideas (cognitions) of patients (and
physicians) regarding complaints and symptoms. They seem to play a role in the
variation in QoL experienced by patients. IPs include the beliefs and attributions
patients have regarding their illness and specifically regarding symptoms, causes,
consequences, and the time the illness will last (73). They are assessed with
questionnaires, drawings or even clay representations of an illness (74). IPs precede
coping behavior, and in turn, coping determines QoL (75). IPs have been found to be
relevant in virtually any physical disorders, and, increasingly in psychiatric disorders.
IPs reflect the relevance and importance of how patients make sense of complaints,
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illness and medical treatment — irrespective of objective medical knowledge. In this
way, including IPs in QoL research strengthens the biopsychosocial model, which is
particularly relevant in medical care for patients with a chronic illness. In patients
with VS, IPs have not yet been studied before. Our current study, therefore, explores
the relevance of IPs in patients with VS, and their contribution to, hopefully and
possibly, an even better quality of care, and QoL.

Overview and aims of the present thesis

In the Netherlands, VS was previously described in a PhD thesis by Jos van Leeuwen,
who reported on the diagnostic aspects and results of surgery in particular. The
studies were performed at the Department of Otolaryngology at the University
Hospital Nijmegen between 1980 and 1993 and van Leeuwen was one of the first
who discussed the importance of QoL research after (surgical) treatment for VS (76). A
more histopathological approach was described by Ernestine Stipkovits who provided
more insight in the natural course of VS (35) in her PhD thesis, entitled “Vestibular
schwannomas, aspects of biological behavior” at the University of Utrecht in 2000.
In Leiden, patients with VS have been treated for many years. In the past, VS
patients were primarily referred to the Department of Neurosurgery of the Leiden
University Medical Centre (LUMC). One of the main reasons was that patients used
to be operated either via the retro-sigmoid (RS) or suboccipital approach (SO) and
that the experience of the otolaryngologists in our department was generally limited
to the translabyrinthine (TL) approach. However, in 1996 the Leiden Skull Base
Pathology Meeting (SBP) was founded, which mainly consisted of otolaryngologists,
neurosurgeons and neuroradiologists from the LUMC. This multidisciplinary meeting
provided the basis for the close cooperation between otolaryngologists and
neurosurgeons in VS, which still continues to evolve. Our department was not only
increasingly involved in the management of these tumors but also became more
skilled in the various surgical approaches such as the TL and middle fossa (MF)
approach. As a result, all the three main approaches: TL, RS and MF are now widely
used in our center. However, the advantages of the TL approach are increasingly
recognized by both our otolaryngologists and neurosurgeons and it has now become
the most frequently used approach and ‘workhorse’. Furthermore, relatively new
treatment options such as wait and scan or stereotactic irradiation have also made
their way into our decision process over time. Nowadays, almost 1000 new VS
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patients have been admitted to the LUMC and about 400 have been operated via
the TL route.

Over time, our (surgical) treatment also continued to advance, because of
improved techniques such as the high resolution MRI, the facial nerve monitor, CUSA
aspirator and better perioperative care. As obvious as it may seem, we recognized that
the treatment of any condition can only be justified when the results of treatment
are better than the natural course of the disease. There is a growing debate on how
VS can be best treated as it has become clear that the tumor may remain unchanged
for many years. In an effort to contribute to this debate, QoL research was initiated
at our department in 2001.

Our study assesses QoL in order to facilitate treatment choices in individual
patient care, contributes to the determination of the best use of treatments and
evaluates QoL in our VS patient population. It is likely that none of the three
treatment modalities on its own is the best option for all individuals. Knowledge of
the clinical and QoL effects of each of the different options can help clinicians to
outline the choices available to patients and assist them in selecting which is best
for them. For instance, if a VS patient has a small tumor with minimal symptoms,
reasonable treatment options might be radiosurgery or wait and scan. The treatment
choices available depend partly on the patient’s age and comorbidity but also, to
some extent, on the individual’s preferences given the different QoL implications of
the two treatments. Some patients may choose radiosurgery with possible surgical
risks in the short term. Others will prefer no active treatment or subsequent risks and
choose to evaluate their tumor periodically by MR imaging. Information on QoL in
this context can be useful to both professionals and patients when considering what
to expect, given certain health conditions and treatments. This kind of evidence to
inform a clinician or patient comes from studies of populations of patients who are
experiencing the condition or treatment (46).

This thesis describes QoL and clinical features in patients with VS at their diagnosis
and after treatment with three different modalities: observation, microsurgery or

radiosurgery.
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Outline of the thesis

Chapter two prospectively assesses QoL together with illness perceptions (IPs) and
coping behavior in a series of 90 consecutive, untreated VS patients. QoL assessment
was performed at the moment of diagnosis, which enabled us to assess the burden
of suffering from an (untreated) VS. The results were compared to patients with
other serious or chronic illnesses (i.e. head and neck cancer patients or patients with
chronic obstructive pulmonary disease) in order to assess what kind of IPs and coping
behavior could be expected with these kinds of patients.

Chapter three describes a group of VS patients with small- and medium-sized
tumors who were observed for almost four years. Failure of conservative treatment,
tumor progression and development of symptoms such as hearing are described.
QoL outcomes at baseline and at the end of follow-up are compared in those patients
who were still included in our protocol. An initial conservative approach, in which the
tumor is watched rather than treated, is an attractive option to many VS patients.
However, there is no clarity about the natural course of the disease such as tumor
growth, preservation of hearing or QoL.

Until recently, microsurgery was considered the ‘gold standard’ in the treatment
of VS. However, at present stereotactic irradiation is increasingly becoming a first
treatment option for VS. Chapter four presents clinical and QoL results of 64 patients
with VS after low dose linear accelerator based (LINAC) radiosurgery. This multicenter
study is performed in collaboration with the Erasmus University Medical Centre in
Rotterdam. Both clinical results and QoL outcome are compared to existing results
and norm populations.

Chapter five describes the effect of vertigo on QoL in 18 VS patients using generic
and a disease-specific questionnaire for vertigo. Of the cochleovestibular symptoms
in VS, vertigo is thought to affect QoL most (71). Vertigo may increasingly cause
anxiety, depression and impaired functioning during physical and social activities
and may therefore have a severe negative effect on quality of daily functioning of VS
patients. Despite the significant impact on QolL, there is little evidence with regard
to any interventions in VS patients with these symptoms. In an attempt to relieve
patients from their vertigo and improve Qol, we performed translabyrinthine (TL)
surgery and preoperative and postoperative results are evaluated.

The effects of postoperative facial nerve impairment on QoL still remain unclear.
Some studies report a significant negative effect on Qol, whereas others do not.
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However, it is well recognized that patients with facial nerve paralysis experience
significant functional and psychological morbidity (77,78). In order to reanimate the
paralyzed facial musculature after (surgical) trauma, there are various treatments,
which consist of static and non-static procedures (79-83). The technique that is most
frequently used involves a variation of the facial-hypoglossal nerve coaptation with
or without static procedures. Chapter six presents a new variation to the facial-
hypoglossal technique (FHT) to restore facial nerve paralysis as a result of (surgical)
trauma. QoL and functional improvements are described and compared to results
from other comparable techniques.

Facial nerve function is one of the most important factors defining success of
treatment for both the patient and surgeon. In case of microsurgical treatment, the
surgeon therefore may decide to leave some of the tumor in situ in order to preserve
facial nerve function and maintain QoL, especially in large tumors. Intraoperative
assessment of the extent of tumor removal, however, lacks objectivity. Objective
assessment of the actual extent of removal documented with postoperative
gadolinium enhanced magnetic resonance imaging (MRI) scans is therefore
necessary, but is scarcely provided. Chapter seven examines the hypothesis that
postoperative facial nerve function should be significantly better when residual tumor
is deliberately left behind. We also objectively assess the extent of the removal using
gadolinium-enhanced MRI scans and compare results with the extent of the removal
as intraoperatively estimated by the surgeon.

Chapter eight discusses our major results and conclusions of the studies in this
thesis and presents clinical implications and suggestions for future research.
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