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Chapter

“Stealth Cranioplasty” for Adult
Chiari Malformation Type 1:

A Philosophical Journey of
Innovation, Adaptation, and
Evolution

Asifur Rahman

Abstract

Chiari malformation (CM) and its management are long debated enigmas for
neurosurgeons. Many surgical procedures have been innovated and are in practice
for this perplexing and daunting entity to give the patients a satisfactory remedy.
But, a unanimously accepted surgical procedure is still lacking to achieve gratifying
result. We tried to develop a novel technique, which we call the “stealth cranioplasty
(SCP),” to help the adult Chiari malformation type 1 (CM1) patients. In this chap-
ter, the philosophy behind developing the technique of “stealth cranioplasty” by
reconstruction of posterior fossa (PF) by cranioplasty with pre-shaped titanium
mesh is described. Different stages, difficulties, and modifications of the journey
toward the present day status are also elaborated graphically.

Keywords: Chiari malformation, Chiari malformation type 1,
arachnoid-preserving duraplasty, stealth cranioplasty, posterior fossa

1. Introduction

The baffling malady of Chiari malformation (CM) is still an enigma for neu-
rosurgeons for its poorly understood pathophysiology, uncertain natural history,
and dilemma concerning management options since Hans Chiari described it first
in 1891 and detailed with refinements in 1896. Even being a diverse disease in
presentation, Chiari malformation is being detected more often than before because
of the advent of magnetic resonance imaging (MRI) and its better delineation of
soft tissue especially in the posterior fossa (PF) and the craniovertebral junction
(CV]). Owing to its diverse presentations, varied thoughts on pathophysiology, and
numerous philosophies in management, a myriad of surgical options are existent
for CM. Better understanding of pathophysiology with technical advancements
and better availability of imaging facilities have made CM more treatable with
encouraging outcomes, and CM no more remains an unfamiliar entity. In this
chapter we will present a novel technique that we developed over years to treat only
the adult Chiari malformation type 1 (CM1) patients. We will also discuss about the
philosophy behind developing this as well as the evolution process of the procedure
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focusing on the problems that we faced and how we modified our procedure to solve
those and finally reached here. With our procedure we tried to address the two most
common pathophysiological aspects of CM1 rationally that play the major roles:

the shallow posterior fossa and the difference in pressure gradient of cerebrospinal
fluid (CSF) between cranial and spinal compartments. With our procedure we also
tried to prevent recurrence and avoid complications in a cost-effective way.

2. Pathophysiology

Any conclusive pathology in development of Chiari malformations is still
lacking, and heterogeneity of theories regarding pathogenesis of CM continues to
deepen the controversy. The most popular and accepted theory regarding Chiari 1
is that it is a developmental anomaly that causes tonsillar herniation from a discrep-
ancy between the content, the hindbrain and the container, and the posterior fossa
[1, 2]. Arguments can be made that this malady entirely is not a malformation. The
shallow posterior fossa is an anomaly or deviation from the normal arrangement in
its structure, while the herniation of the part of the normal hindbrain is an altera-
tion that the nature makes in an attempt to maintain the homeostasis in the poste-
rior fossa and the CV]J [3]. The origin of shallow PF may have several pathological
bases, and our technique is primarily based on the theory of shallow posterior fossa
as well as other pathologies that play important role in development of CM.

2.1 Evolution of human skull and brain and CM1

Studies on human evolution have revealed significant changes in the braincase;
the skull, especially in the posterior skull base region; and the brain itself. Analysis
on evolution demonstrated the gradual increase in cranial capacity from about
800 cm’® in Homo erectus to 1000-1200 cm” in the species of the Middle Pleistocene
and further to 1500 cm?® in Neanderthals and modern humans [4-6]. But in the
process of evolution from Homo neanderthalensis to Homo sapiens, both the cranial
capacity and basal angle had decreased considerably, while the brain size increased
significantly [5]. The posterior cranial fossa of H. sapiens has diminished in size,
occupying around 26.8% of the available intracranial space, while in CM1 this space
is further reduced to around 21.6%, resulting from different factors [7]. Modern
human beings may carry some primitive genes of ancient hominins in their genomic
code influenced by gene flow interchange, interbreeding, and anatomic reshaping
of the skull base during evolution at random in some individuals of CM1 [5]. So, the
shallow and small posterior fossa in CM1 may bear an evolutionary imprint.

2.2 Genetics of CM1

The majority of cases of CM1 are considered as sporadic. However, there are
clues that suggest a genetic component playing role in development of Chiari in at
least a subset of patients. Evidence of manifestation of CM1 in twins, in siblings,
in first-degree relatives, in familial clustering among generations, or in conjunc-
tion with some known genetic syndromes supports the genetic origin vigorously.
From these, it can be presumed that genetic factors, along with other epigenetic
and/or environmental factors, prompt development of a small posterior cranial
fossa. Familial aggregation is a representative of traits that hints to an underlying
genetic basis [8-19]. Studies of families having Chiari among the members suggest
posterior fossa volume (PFV) to be highly heritable, and genetic analysis reveals
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indicative linkage to regions at chromosomes 1q, 8q, 9q, 12p, 12q, 15q, and 22q.
Moreover, disturbance in formation of the basichondrocranium from hyperossifica-
tion or hypo-ossification has the possibility of having morphometric changes in the
posterior cranial fossa in patients with Chiari resulting from the misregulation in
genes [13, 20-24].

2.3 Embryological basis of CM1

In the development of a shallow and small posterior fossa, embryological
derangement is pivotal. Occipitocervical transition develops during the fourth
week of embryological life from bilateral four occipital somites (OS1-0OS4) and
seven cervical somites (CS1-CS7) that form the axial skeleton [25-27]. Different
parts of the occipital bone originate from different somites and grow at different
paces. This discrepancy in the rate of growth of different parts of the occipital bone
during development leads to the typical developmental disorder of CM1 [28]. The
supratentorial part of the squamous occipital derives from membranous origin,
while the infratentorial part comes from cartilaginous origin. The shallowness of
the posterior fossa may result from an abnormality of the lower part of the occipital
squamous bone derived from the cartilaginous origin. The chondrified supraoc-
ciput, which is vulnerable to regression, theoretically offers an embryological basis
for the shortening of the supraocciput in CM [29].

2.4 Posterior fossa volume and development of CM1

From the thoughtful observations and meticulous analysis, along with his theory
of chronically raised intracranial pressure (ICP), Chiari furthermore believed that
inadequate bone growth and insufficient enlargement of skull triggered raised
ICP which plays a vital role in this condition to force down the hindbrain [30-33].
Cleland in 1883 and Mennicke in 1891 also advocated that the pathology lies in the
defective bone around the foramen magnum while describing hindbrain herniation
[34, 35]. Many studies in the modern era, with the help of modern technological
advancements, have also strongly proven that the posterior fossa is indeed shallow
or smaller than the normal hindbrain in Chiari patients. The shallowness of the
posterior fossa has been proven in Chiari patients in comparison to controls using
X-rays [36, 37]. Ratio of the posterior fossa with supratentorial volumes on MR
images between patients with Chiari 1 malformation and controls also demon-
strated smaller ratio in Chiari patients who were symptomatic, and most of them
improved following posterior fossa decompression (PFD) [38].

Some studies found PFV to be smaller in pediatric CM1 patients also, which
matches the studies in adults and aids the theory relating to the pathophysiological
mechanism of CM1 resulting from small posterior fossa [7]. Interestingly, in cases
of acquired Chiari malformation (ACM), surgical management of only the primary
lesion has shown to improve ACM which also supports the discrepancy between the
volume of the posterior fossa and its contents [39]. From different studies, it is now
proposed that development of Chiari results from multifactorial etiologies, where
small PF remains to be the most crucial one [40-52]. The theory of small PF is fur-
ther strengthened by demonstration of CM by creating smaller basichondrocrania
and posterior cranial fossa than controls by producing a state of hypervitaminosis
A in experimental models of rodents [53]. Moreover, CM1 has been described in
several metabolic disorders also like Paget’s disease [54], rickets [55, 56], craniome-
taphyseal dysplasia [57], acromegaly [58], and growth hormone deficiency [59],
where the PFV is rendered smaller than usual.
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2.5 Tonsillar descent in CM1

By definition, radiologically, tonsillar herniation more than 5 mm below the
foramen magnum is considered to be CM1. Incidental findings of patients having
more than 5 mm descent of tonsil without any recognizable symptoms of Chiari
are not uncommon. On the other hand, there are patients who have less than 5 mm
descent of the tonsils and yet show pronounced symptoms of CM1. Though the
cerebellar tonsillar herniation is the most commonly used radiological measure-
ment to determine the diagnosis of CM1, clinical presentations often pose dilemma
in decision making. So, this radiological measurement of degree of tonsillar descent
alone may not be reliable enough to ascertain the presence and severity of CM1 and
should always be tallied with the clinicopathological setting [1, 60-70].

2.6 Cranial and spinal cerebrospinal fluid pressure gradient difference in
pathogenesis of CM1

Chiari, while describing the hindbrain herniation first, hypothesized the
changes to be related to congenital hydrocephalus [30]. Studies later revealed that
the malformation is not always accompanied by hydrocephalus; rather the fetal
cerebellar herniation is due to the lowered intraspinal pressure owing to leakage of
CSF at the myelocele, especially in cases of Chiari type 2 [71-74].

In fact, it is recommended that the pressure difference between the cranial
and spinal compartments is the force responsible for the herniation. It is very
much feasible as the brain tissue is a thick jelly like substance and acts like a
viscoelastic medium to be subjected to deformation in response to stress [75].
Thus, any imbalance between the cranial and spinal CSF compartments leading
to reduced CSF pressure in the spinal compartment may result in spontaneous
occurrence of a CM1 which is also evidenced by tonsillar herniation following
spinal shunting procedure. Conversion of a lumbar shunt to a ventricular shunt
has shown to eliminate the downward craniospinal pressure gradient, leading to
the reversal of the tonsillar descent or at least arresting further migration ampli-
fying the aptness of this theory [74, 76-81]. This theory of disequilibrium of
CSF dynamics might explain the reason of the tonsils to go back to their normal
position following PFD which relieves the discrepancy of the pressure gradient
between the cranial and spinal compartments, and our procedure is partly based
on this theory also.

3. Commonly practiced surgical procedures

First attempted surgery for CM was in 1930 by a Dutchman Cornelis Joachimus
Van Houweninge Graftdijk, on a patient with myelomeningocele and ventriculo-
gram-proven hindbrain herniation. He tried surgically to relieve CSF obstruction at
the CV] by the redundant cerebellar tissue. His thought was to try to restore better
flow of CSF by widening the space through which the brain had herniated [82]. For
many years after the first attempt by Van Houweninge Graftdijk, surgery of CM
carried grave prognosis. Now, with the better understanding of the pathology and
improvements in technology, most patients with CM1 can be benefited by different
surgical procedures [83].

Owing to the nature of this disorder and its diversity in clinical presentation
and image findings, it is difficult to come to a consensus on which is the best way
to manage this. Depending on presentation in milder forms of symptoms, some
authors have advocated conservative management. However, according to most
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experts, surgical intervention remains the gold standard, both in reduction of
tonsillar herniation, resolution of syrinx, and in overall outcome, in most of the
cases [61, 66, 67, 84, 85]. The common procedure in almost all surgical approaches
comprise of a suboccipital craniectomy with removal of posterior arch of C1 with
the aim of posterior fossa decompression. Nevertheless, there are controversies
concerning the extent of bone removal and additional measures taken along with it
[86, 87]. Management of the dura includes leaving the dura intact with removal of
the constricting band only [88], dural scoring [89, 90], resecting the outer layer of
the dura [67, 91-94], opening the dura and leaving it open [95-98], and performing
a duraplasty [38, 43, 67, 88, 91, 94, 99-104]. The arachnoid manipulation similarly
varies from leaving it intact [88, 91, 105] to opening and resecting it [96, 99-103,
106, 107]. The cerebellar tonsils have been addressed in various ways also like not
touching them [108], dissecting to separate them [99, 109], shrinking by bipolar
coagulation [43, 67, 100, 102, 103, 110, 111], and subpial resection [38, 43, 67, 106,
107, 110, 112]. Recently, minimal invasive endoscopy-assisted decompression at the
foramen magnum for CM has also been reported [113, 114].

4. Our technique

Many authors have postulated many factors to be responsible for development
of Chiari malformations, and it seems that there actually are various pathologies
in play. As the pathophysiology is multifactorial, it is almost impossible to address
all the problems at a time with a single procedure. We tried to address the two basic
pathologies that we feel to be of paramount importance in the pathophysiological
process in the development of Chiari malformation. Accordingly we developed our
technique only for the patients of CM1, which are young adults and do not have any
other problem related to or complicating the condition like HCP, basilar invagina-
tion, and platybasia. Our patient subset also had syringes of different diameters
and extensions. But we feel that it was not a big factor on influencing the result of
the surgical technique, as the pathologies of both CM and SM seem to be the same.
It was of our interest to see if the procedure addressing the Chiari only can solve
syrinx as well, and that would provide some explanation that CM and SM share at
least some common etiological factors and pathologies, which can be dealt with a
single procedure.

Whatever theory regarding the pathophysiology is apt, with time and experi-
ence, centering on the two basic pathologies of shallow PF and imbalance of CSF
dynamics around the CVJ, now the goal of our procedure is a persistent voluminous
PF that would reestablish the CSF flow dynamics and would prevent recurrence and
complications cost-effectively.

4.1 Patient positioning

We place the patient prone, in a modified concord position, under general anes-
thesia (Figure 1A). Special attention is given to keep the head in neutral position,
and that is not flexed in any way. This gives two benefits. When the head is neutral,
it helps the already jeopardized medulla from kinking from flexion as well as keeps
it free from further compression by the herniated tonsils, which is already there.
During reconstruction of the posterior fossa, neutral position gives better idea
about the anatomy of the structures around the foramen magnum. This also gives
the additional advantage of facilitation of venous return, by ensuring the jugular
veins to be free of compression which helps in avoiding unnecessary oozing. Care of
the airway, pressure points, and the vital monitoring are as usual.
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4.2 Skin incision, harvesting graft, and exposure of bone

A midline skin incision is made from just above the external occipital protuberance
down to a little below the prominence of the C2 vertebra. After opening the skin, a strip
of the investing layer of the deep cervical fascia, measuring about 2 x 5 cm, is harvested
for the duraplasty (Figure 1B). This strip is an advantageous graft material for dura-
plasty as it is autologous and hence can avoid foreign body reaction, potential risk of
infection, and arachnoiditis. This graft is also flexible and durable. Most importantly,
we do not need to make any additional wound to harvest it. Then the bones, up to the
inion above and the posterior arch of the atlas below, are exposed by subperiosteal
dissection maintaining the avascular plane in the midline along the ligamentum nuchae
to reduce bleeding and postoperative pain from muscle injury. Subperiosteal dissection
of the squamous occipital bone down to the margin of foramen magnum and the poste-
rior arch of atlas is continued to expose the bones to a width of about 2 cm on each side.

4.3 Craniectomy

Two burr holes below the inion just lateral to the midline are made, and a
2.5-3 cm wide posterior fossa craniectomy is done in the midline extending from
the foramen magnum to 4-5 cm above with the help of bone and Kerrison’s ron-
geurs. Care is taken not to widen the craniectomy more than 1.5 cm beyond the
midline on either side. In Chiari patients, often the bone around the inion is very
thick. In those cases, the inner surface is undermined with the help of the Kerrison’s
rongeurs to make more space there. The posterior arch of the atlas is also removed
about 1 cm on both sides of the midline (Figure 1C).

4.4 Dural opening and grafting

The dura is opened in the midline with a straight incision, keeping the arach-
noid intact. On very rare occasions, there may be dural venous lakes or lacunae,

Figure 1.

Per-operative picture of different steps of stealth cranioplasty (SCP). Patient is placed prone with head in
neutral position. (A) Harvesting of the cervical fascial graft. (B) Posterior fossa craniectomy is in the midline
measuring 2.5-3.0 cm in width and 4-5 cm vertically from the foramen magnum. (C) Arachnoid-preserving
midline duval opening and hitches for tenting. (D) Duraplasty with cervical fascial graft. (E) Molding of the
titanium “stealth cranioplasty” (F and G) Fixing of the cvanioplasty over the craniectomy gap. (H) Tenting of
the duraplasty with the cranioplasty mesh (I).
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which can be managed by continuous sutures along the cut margins to control
the troublesome bleeding. If there is any accidental nick in the arachnoid, that is
sealed with a very low bipolar cautery. The dural bands, which are present often,
are kept as they are, to facilitate the dural tenting in the later part of the procedure.
Two hitches are taken from the topmost and the lowermost points of the dural
opening and two each from the free margins on either side. So, a total of six dural
hitches are taken from the cut margins to tack those with the cranioplasty mesh
later. The dural bands, which are not disturbed, help in strengthening the tenting
where we want to pull the dura most, to widen the room in the posterior fossa
around the foramen magnum (Figure 1D). The deep cervical fascial graft is sewn
in the opening of the dura with 5-0 or 6-0 absorbable suture running stitches

to complete an arachnoid-preserving duraplasty (APD) in a manner that when
the dural tentings are fixed with the cranioplasty mesh, it resembles the roof of a
hexagonal tent (Figure 1E).

4.5 Crafting of the stealth cranioplasty

The 5 x 5 cm titanium mesh (Figure 2A), which is malleable but tough enough to
support the craniectomy gap after molding, is shaped to fit in the craniectomy gap
in such a way that it covers the opening and at the same time increases the volume
of the posterior fossa. The mesh is gradually curved in the middle like a longitu-
dinally half-split cone, and the rest is kept flat (Figures 1F, G and 2B-F, H, I). By
this the half cone takes the contour of a cockpit, and the flat parts take the contour
of the wings of a “stealth” bomber (Figure 2G). That’s why we call it a “stealth
cranioplasty”. The tapered end of the half cone, which almost merges with the flat
of the construct, is placed at the upper part of the craniectomy defect to fit with
the curvature of the occipital bone near the occipital protuberance. The lower part
of the molded mesh having the wider portion of the half cone is placed inferiorly.
The margin of this broader edge of the cone is shaped in a manner of a half circle
(Figure 2E, F), to create more space around the foramen magnum to provide more
range of motion during neck extension postoperatively. The lower border of the
wings of the cranioplasty is merged with the margin of the foramen magnum. The
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Figure 2.

Steps of molding of the titanium mesh to the shape of “stealth cranioplasty”. The titanium mesh before molding.
(A) The mesh is bent to make a triangular flat part in the middle. (B) The flat triangular part is curved into
a longitudinally half split cone to mimic the cockpit and the sides are bent outwards to give them the contour
of the wings of a Stealth bomber. (C ¢ D) The widened part of the cone is cut in a crescent. (E ¢ F) The
pre-formed titanium mesh from front mimicking the cockpit of the Stealth bomber. (G) The look of the Stealth
cranioplast from the wider part of the cone from rear (H) and below. (I).
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rest of the wings is fixed with the bone at the lateral margins of the craniectomy
defect to fit with the contour of the bone (Figure 1H).

4.6 Tenting and closure

The tentings are tied with the cranioplasty mesh to give the dural graft a final
shape of the roof of a hexagonal tent (Figure 1I). Hemostasis is secured and the
wound is closed in usual fashion in layers without any drain. Initially, there is some
potential space between the dural graft and the cranioplasty, even after tenting. But
this eventually is filled up with time by the pulsation of the brain as the duraplasty
merges with the cranioplasty to create space for the CSF and neural structures.

5. Result

Eleven male and six female symptomatic CM1 adult patients, between age
ranges of 22 and 42 years (mean 30.47 years), presented with different neurologi-
cal symptoms related to CM1 and SM for 6-84 months (mean 27.70 months).

The patients had syringes extending from three to more than ten vertebral levels
(Table1). All of the patients underwent PFD and arachnoid-preserving dura-
plasty followed by SCP and dural tenting and were followed up for a period of

Attribute Number of patients (N =17)
Gender

Male 11

Female 6

Mean age in years (range) 30.47 (22-42 Years)
Clinical symptoms

Sensory disturbance 12

Neck ache 10

Upper limb weakness 9

Lower limb weakness 6
Suboccipital headache

Duration of symptoms (months)

1-12 3
13-24 4
25-36 3
37-48 4
49-60 2
>60 1
Extension of syrinx

3-6 levels 6
7-10 levels 8
>10 levels 3

Table 1.

Showing distribution of gender, age, clinical symptoms, duration of symptoms, and extent of syrinx.
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7-72 months (mean 32.59 months). Of 17 patients, 13 patients improved according
to the Chicago Chiari Outcome Scale (CCOS) with score of 13-15, while 4 patients
remained unchanged with CCOS of 12, and there was no worsening (Table 2).
There was no complication related to Chiari surgery in any of the patients. All the
patients had reestablishment of cisterna magna to different extents (Figure 3E, F).
Five patients had marked reduction of syrinx, while 11 patients had moderate to
mild reduction, and 1 patient had no change of syrinx. None of the patients needed
redo surgery so far.

Parameters Number of patients (N =17)
Clinical outcome

Improved 13

Unchanged 4

Worsened 0

CCOS

13-16 13

9-12 4

<12

Radiological outcome of syrinx

Marked reduction 5

Moderate reduction 7

Mild reduction 4

No reduction 1

Worsened/enlarged 0
Table 2.

Showing clinical outcome, outcome according to CCOS, and radiological outcome of syrinx.

Figure 3.

Postoperative 3D CT scan following “stealth cranioplasty” increase in diameter of foramen magnum (A)
and the final contour after fixing the cranioplasty with bone (B). Preoperative and (C) postoperative (D)
sagittal veconstruction of bone around the CV] showing increase in diameter of the foramen magnum and
reconstruction of the posterior fossa in a shape of a spherve. Preoperative (E) and postoperative (F) sagittal
T2WI ascent of the cerebellar tonsil, reestablishment of cisterna magna, and marked reduction of syrinx.
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6. Our philosophy of innovation and evolution

Reconstruction of the posterior fossa by expansive cranioplasty is not practiced
routinely following posterior fossa decompression for the CM1. Many authors have
tried posterior fossa reconstruction with cranioplasty after PFD in many ways with
different objectives. Cranioplasty as an attempt to treat and prevent further cer-
ebellar subsidence during redo surgery has been described. Many techniques have
been described in the literature like partial cranioplasty with methyl methacrylate
(MMA) [115, 116], with autologous bone [117-122], and cranioplasty with different
varieties of titanium prosthesis [48, 123-126]. Tacking of duraplasty with or with-
out cranioplasty has also been described by some authors with intention to keep
the cistern patent and to prevent adhesion [48, 120, 122, 123, 127]. We have tried
to blend the procedures in an effective and least invasive way to give the utmost
benefit to the patients.

Our journey began with the thought of the big concern of recurrence of symp-
toms in management of CM1. Postoperative recurrence of compression over the
cerebellar tonsils around the foramen magnum and obliteration of CSF flow and
dynamics around the CV] may be caused by compression over the dura through the
craniectomy gap by repositioned muscle bulk, fibrosis, and cerebellar sag.

We felt that, in conventional procedures, there is no measure to protect the dura
from compression by the muscle bulk postoperatively from the back (Figure 4A-C).
Initially the goal of cranioplasty was to prevent this by covering the craniectomy
gap. Eventually, we felt that this cranioplasty can serve as a means to increase the
posterior fossa volume as well.

So, we developed the technique based on our observations and thoughts in addi-
tion to the initial considerations of merely preventing recurrence and augmenting
the posterior fossa volume.

Firstly, many patients come back with recurrences of symptoms from compres-
sion of the neuronal elements as well as obliteration of posterior CSF column by
muscle bulk and fibrous tissue from posterior aspect around the surgical site as evi-
dent in many follow-up MRIs. This seemed to be due to having no protection against

Figure 4.

Preoperative sagittal T2WI of a patient with CM1 and syrinx (A) 1 year postoperative sagittal TIWI and
T2WI following posterior fossa bony decompression only. Worthy to note the posterior compression on dura by
muscle and fibrous tissue and the status of Chiari and syrinx (B and C).
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recompression from the posterior aspect. This led us to think about cranioplasty to
make a protective safeguard against any compression from posterior aspect to avoid
recurrence of symptoms.

Secondly, we wanted to augment the PFV so that the herniated contents can
come back, can be accommodated with ease in the newly formed abode, and can
relieve the compression around the foramen magnum to get the anatomy and
physiology including CSF dynamics back to near normal. Any container which is
spherical is more voluminous compared to a flat one. The pathology in case of CM1,
is the shallow posterior fossa due to flattening of the lower part. Our endeavor is to
make the posterior fossa more spherical and voluminous by performing the APD,
SCP, and dural tenting.

Thirdly, cerebellar slump is often encountered when a larger craniectomy is
done. This might be due to release of pressure in the posterior fossa creating much
space, and the slump can further be aided by gravity. Though we do not make the
craniectomy bigger than 2.5 cm wide and 3-4 cm vertically, this cranioplasty helps
in preventing the cerebellar ptosis, even if there is any chance at all.

Fourthly, arachnoid-preserving duraplasty has the advantage of preventing
postoperative arachnoiditis related to surgery which may result from manipulation
of the arachnoid and seepage of blood into the subarachnoid space. APD also has the
advantage of avoiding CSF-related complications. As the Pascal’s law states, any force
in a closed fluid filled container is equally distributed to all directions with the same
force. Our hypothesis is that the force of CSF in the new space, aided by brain pulsa-
tion, is capable of opening up any adhesion of the arachnoid or creating new path-
way naturally if ample space can be created. Some reports are there that sometimes
there are arachnoid veils over the foramen of Magendie to block the CSF flow, and
we are afraid that in this subset of patients, the SCP might not work to reestablish
the CSF flow. Possibly there was no patient like this in our series, as we found all our
patients to have better CSF flow around the CV]. Moreover, as the bigger CSF space
is molded and maintained around the CV] by APD and dural tenting, the CSF makes
its way to the spinal subarachnoid space to equilibrate the pressure gradient with the
cranial CSF. This CSF equilibrium has the potential to push the tonsils up, back to the
newly formed space, and keeps it floating with the buoyancy to prevent it from going
down again and castoffs the need to handle the tonsils as well. Initially the new space
is enlarged moderately to relieve the symptoms. With time and CSF pulsation, the
space expands more and takes the contour of the cranioplasty and is maintained very
well, making the PFV and CSF dynamics adequate to sustain relief of symptoms.
Following PFD, APD, dural tenting, and SCP, with reversal of CSF dynamics to nor-
malcy, the syrinx usually reduces without taking any additional measure. However,
in a good number of cases, the syrinx takes a long time to resolve or does not resolve
appreciably, and the symptoms related to syrinx resolve markedly.

Fifthly, with the APD with autologous fascia and hexagonal tacking of that with
the “stealth” cranioplasty, some complications can be prevented effectively. The
CSF-related complications like CSF leak, meningitis or pseudomeningocele, inflam-
mation, scarring and adhesion of dural graft, cerebellar sag, and compression from
behind can be avoided and prevented efficiently with this combined technique. The
dural tacking can help in enhancing and maintaining the CSF space also.

Finally, financial and psychological burden other than physical disability
takes a heavy toll on the patients of CM1 and their families. These financial and
psychological burdens can be avoided as this is well affordable by the patients of a
low socioeconomic condition like ours since it costs no more than USD $50 for the
implant. At the same time, with this minimal expense, patients can avoid further
extra expenses from re-surgery and rehabilitation program.

11
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But all these adaptations did not take place straightway. We had to develop it
step by step after facing different problems at different stages. Initially we had the
considerations in mind that we have mentioned already. We started cranioplasty
first with autologous bone with a titanium mesh buttress across the bone margins
(Figure 5A, B). After few cases, we wanted to make it convenient for us by doing
the cranioplasty with bone cement (MMA) with a buttress like the one as in cra-
nioplasty with autologous bone (Figure 5C, D). We thought that the procedure
can be made easier if we do the cranioplasty straight forward with a titanium mesh
(Figure 5E, F). We expected that the gap created between the dura and the mesh
by removing the bone at the craniectomy would be specious enough to serve the
purpose of creating space for the cerebellum and reestablishment of CSF flow. That
far we used to remove the dural bands only and did the cranioplasty with mesh and
did so with satisfactory results in the next few cases until we faced problem with
one patient 3 months postoperatively. This male patient was doing well postopera-
tively with marked improvement till he sneezed one morning and suddenly became
quadriparetic. MRI showed greater herniation of the tonsils again (Figure 6A, C),
while the immediate postop CT after the first surgery showed some ascent of the
tonsil (Figure 6A, B). Preoperatively at the second surgery, we found that the
dura was severely compressed along the lower margin of the mesh, and it seemed
that the mesh margin has trapped the tonsil which was also evident in the MRI
(Figure 6C, D). We only cut the inferior margin of the mesh in a crescentic shape
and resected some fibrous tissue over the dura longitudinally to relieve the tonsils
(Figure 6E, F), and the patient improved gradually. However the improvement was
slow and was never as good as the first postoperative status.

After this, we routinely put the mesh by cutting the lower margin to make more
space around the foramen magnum (Figure 7A, B). Then we thought that we can
make some more space in the midline if we bend the mesh in the middle like a longitu-
dinally half-split tube in the middle (Figure 7C, D). At this part of the advance of our
journey, we started arachnoid-preserving duraplasty and dural tenting as well, and

Figure 5.
Preoperative picture and postoperative 3D CT scan of cranioplasties using different materials. Cranioplasty
with autologous bone (A and B), bone cement (MMA) (C and D), and flat titanium mesh (E and F).

Figure 6.

MRI before first surgery of the patient that gave us the impetus to develop this technique, showing tonsillar
herniation (A), CT scan after first surgery showing appreciable ascent of the tonsil (B), MRI before second
surgery (after clinical deterioration) showing entrapped tonsil by the lower margin of the titanium mesh (C),
preoperative picture at second surgery showing the dural compression by the lower margin of the titanium mesh
(D), decompressed dura following cutting the lower margin of the titanium mesh and lysis of fibrosis (E), post of
3D CT scan to showing the lower cut margin of the titanium mesh to relieve the compression around the CV].

12
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Figure7.

Preoperative picture (A) and postoperative 3D CT scan (B) showing the placement of flat titanium mesh
by cutting the lower margin to make move space around the foramen magnum. Molding of the titanium
mesh in a longitudinally split half tube (C) which gives ample space around the foramen magnum as seen in
postoperative CT scan (D). Postoperative 3D CT scan showing the protrusion around the external occipital
protuberance (E and F).

that produced good results. We had to rethink of the shape of the mesh while mold-
ing, when some patients complained of some uneasiness from the little swelling under
the skin from the bend at the upper part. Though we tried to merge the upper part of
the tube-like bending with the external occipital protuberance, in some patients it
was little more protruded than the external occipital protuberance (Figure 7E, F). We
were afraid of skin excoriation in these patients after we were noticed about this prob-
lem. However, practically it did not produce any complication in any of the patients.
We then changed the molding a little to come to the present day shape to merge the
upper part with the bone near the external occipital protuberance by bending it like

a longitudinally half split cone instead of a half split tube, which when fixed with

the bone becomes flattened to merge with the contour of the occipital bone. Actually
that gave us an additional benefit of preventing cerebellar sag also; as the upper part

is flatter, this has more chance of supporting the cerebellum from sagging, if there is
any chance at all through the narrow craniectomy gap (Figure 3B). This also gives the
scope to increase the diameter of the foramen magnum (Figure 3A, C, D).

Treatment for CM1 is surgical and success of surgery depends on appropriate
patient selection. We consider it a factor of paramount importance while selecting
patients for stealth cranioplasty. Our patients are all adults, having no associated
complex pathologies like hydrocephalus, platybasia, or basilar invagination, which
gives us satisfactory result.

7. Conclusion

The journey to develop “stealth cranioplasty” was not a smooth one. After a lot of
trial and error, now it seems to be an effective, fruitful, and cost-effective technique
for management of symptomatic adult Chiari malformation type 1 with syringomy-
elia. This technique has the advantages of preventing complications and recurrences
in addition to improvement of symptoms by addressing the basic pathology.
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