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ABSTRACT

Background: The surgical management of symptomatic adult Chiari malformation type 1 (CM1) with or without
syringomyelia (SM) continues to be a dilemma considering the outcomes.

Objectives: The study aimed to compare the clinical outcomes between stealth cranioplasty (SC) and one of the
most commonly practiced standard procedures, posterior fossa decompression with duraplasty (PFDD). Clinical
outcomes between SC and another procedure posterior fossa decompression (PFD) were also compared.

Methods: This comparative cross-sectional study was carried out on 37 males and 16 females symptomatic adult
CM1 patients, ranging from 18 to 47 years of age from June 2019 to May 2021. Clinical outcomes were assessed,
compared, and analyzed in terms of changes in clinical symptoms and signs, chicago chiari outcome scale (CCOS)
score, and occurrence of complications.

Results: Of the 53 patients, 23, 19 and 11 underwent SC, PFDD, and PFD, respectively. There were no significant
post-operative changes in symptoms and signs among groups except changes in limb weakness between SC and
PFDD (P=0.004). Considering average CCOS score, SC performed better only than PFDD (P=0.003), while category-
wise SC was better than both PFDD (P=0.004) and PFD (P=0.010). Considering complications, the PFDD group had
a significantly higher rate of complications than the SC group (P=0.001), while there was no significant difference in
the rate of complications between the PFD and SC groups.

Conclusion: SC was found to have better clinical outcomes than the PFDD and PFD groups as a technique.

Keywords: chiari malformation type 1, syringomyelia, stealth cranioplasty, chicago chiari outcome scale

INTRODUCTION the cerebellar tonsils > 5 mm beyond the foramen
magnum in adults2* The prevalence has been
estimated to be 0.24%-3.6% of the population.
However, the annual incidence of symptomatic surgical

The basic pathology of chiari 1 malformation (CM1)
remains controversial and somewhat not well
understood. Despite enormous research and

candidates is substantially low, merely 0.06%. Two

discussions, there still remain difficulties in defining the peaks of ages of incidence are observed, between the

terminology, nosology, etiology, and treatment of CM1 ages of 8 and 9 years in children and between 41 and 46
and the outcome remains dubious as ever since the first
description by Hans Chiari in 1891.1.2 CM1 is described
as caudal displacement of the cerebellar tonsils below ~ The most recognized theory regarding the
the level of the foramen magnum with or without pathophysiology of CM1 with frequently
syringomyelia. Radiologically, based on magnetic ~accompanying syringomyelia is stated to be the

resonance imaging (MRI), CM1 is defined as descent of discrepancy  between small posterior fossa and

years in adults.5 ¢
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HIGHLIGHTS

1. Different symptoms and signs of CM1 have dif-
ferent rates of improvement and vary widely.

2. Complications following CM1 surgery vary and
depend on surgical techniques.

3. A common management protocol for CM1 which
would be a ‘gold standard’ or ‘one-size-fits-all’
with uniform outcome seem challenging.

4. Stealth cranioplasty can be a good option for
CM1 surgery with good clinical outcomes and
avoiding complications.

overcrowded neural structures leading to cerebellar
ectopia. Newer theories emphasize on inadequate CSF
flow around the craniocervical junction and hampering
the CSF dynamics between the cranial and spinal
compartments.? > 7.8 Heterogeneity of manifestations
poses a major challenge. Myriad of manifestations and
findings can be seen, especially in presence of other
associated disorders. Neurological signs are mostly due
to involvement of the brainstem, spinal cord and
cerebellum.?.9

Since the first attempt of surgery in 1930, most patients
with CM1 show benefits through different types of
surgical procedures that are practiced today.10 11
However, the surgical techniques for symptomatic CM1
are diverse and outcomes are debatable, especially in
presence of syringomyelia and other associated
disorders. Owing to the diversity in clinical and image
findings, it is difficult to set any definite guideline for
the choice of surgical techniques and thus, numerous
techniques have been innovated.’ %12 With the basic
goal of decompressing the posterior fossa and restoring
CSF flow and dynamics, most of the common surgical
procedures comprise a suboccipital craniectomy with
the removal of the posterior arch of C1. Yet, there are
arguments regarding the extent of bone removal and
additional measures taken along with it13 14 Per
operatively, the dura, the arachnoid, and the cerebellar
tonsils can be managed in several ways. Options for the
dura include keeping it intact with removal of the
constricting band only, dural scoring, resection of the
outer layer of the dura, opening the dura and leaving it
open, and performing a duraplasty.’>? Arachnoid
manipulation varies from leaving that intact or opening

and resecting it.116.18 Different surgeons handle tonsils
differently by not touching them, dissecting to separate
them, shrinking by bipolar coagulation or subpial

resection.15 19,20

Few years back, we developed a surgical technique, the
“Stealth Cranioplasty (SC)”.21-22 We addressed some
aspects of pathophysiology to overcome some
limitations related to outcomes seen in the traditional
surgical approaches by combining and modifying some
of the techniques together, particularly to reduce
complications and recurrence by performing a smaller
craniectomy, arachnoid preserving linear durotomy
and duraplasty by investing layer of the deep cervical
fascia, a titanium mesh cranioplasty in the shape of the
cockpit of a stealth bomber and finally, dural graft
tenting with the titanium implant. However, a full

proof procedure is yet to come.

In this study, we compared our surgical technique, the
SC with the most common and standard surgical
technique of the posterior fossa decompression with
duraplasty (PFDD) in terms of changes in clinical
symptoms and signs, scoring of chicago chiari outcome
scale (CCOS) and occurrence of complications. We also
compared the results of these parameters in our
technique with those in another commonly practiced
and standard surgical procedure, the posterior fossa
decompression (PFD).

METHODS

Patient selection

After obtaining approval from the institutional review
board (IRB) of Bangabandhu Sheikh Mujib Medical
University (BSMMU), Dhaka, Bangladesh, patients
were recruited for this cross-sectional observational
study from June 2019 to May 2021. All consecutive
adult symptomatic chiari malformation patients with or
without syringomyelia having a minimum three-month
post-operative follow up were evaluated. Patients aged
>18 years having preoperative diagnosis of CM1
confirmed by tonsillar descent >5 millimeter with or
without syringomyelia having symptoms and signs
related to CM1 who had undergone any of the three
surgical procedures, two commonly practiced standard
procedures of PFDD and PFD, and the SC that we
introduced, were included in the study. Patients having
associated anomalies other than CM1 like basilar
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invagination, atlanto-axial dislocation or
hydrocephalus, not having a minimum of three-month
follow up clinically and radiologically, and not giving

consent to take part in the study, were excluded.
Procedural details

For surgery, informed written consent was obtained
from the patients or their legal guardians. Three
procedures were performed depending on surgeon’s
choice. Posterior fossa decompression (PFD) included
suboccipital craniectomy (3 cm X 3 cm approx.) and C1
laminectomy with removal of the dural band when
present. In posterior fossa decompression with
duraplasty (PFDD), best possible watertight duraplasty
with pericranium or fascia lata was accomplished
following ‘Y’ shaped dural opening after the
suboccipital craniectomy and C1 laminectomy. During
the dural opening, it was the surgeon’s choice to open
the arachnoid or not. However, the tonsils were not
disturbed on any occasion. In brief, the stealth
cranioplasty (SC), which we described earlier in details,
comprised of 3 cm X 3 cm suboccipital craniectomy, C1
laminectomy, midline linear arachnoid preserving
durotomy, duraplasty with superficial layer of the deep
cervical fascia, pre-shaped 5 cm X 5 cm titanium mesh
cranioplasty shaped into the cockpit of a Stealth bomber
fixed with screws and tacking of the duraplasty with

the titanium mesh.

All the patients were evaluated three months post-
operatively for changes in symptoms like occipital

headache, neck pain, arm pain, limb weakness, wasting,
paraesthesia and gait disturbance as well as changes in
neurological signs like weakness of limbs, wasting,
dissociated sensory loss, gait disturbance and cerebellar
signs. Patients were evaluated by CCOS to measure
outcome and complications were assessed by observing
infection, cerebellar sagging, CSF leak, hydrocephalus
or pseudomeningocele.

Statistical analysis

Parametric data were expressed as mean (standard
deviation, SD) and compared using t-test and ANOVA.
Non-parametric data were expressed as medians, and
categorical variables were compared using Chi-square
test. All statistical analysis was performed using SPSS
23 software. A P value <0.05 was considered to be

statistically significant.

RESULTS

Overview

This study was conducted on 53 adults symptomatic
CM1 patients with or without syringomyelia where 11,
19 and 23 patients underwent PFD, PFDD and SC,
respectively. Average age of the 37 male and 16 females
enrolled in the study was 30.4 (7.5) years, respectively
ranging from 18 to 47 years of age. All the patients were
followed up both pre- and post-operatively to assess
outcome clinically with history and neurological
examination as well as observing the complications.

TABLE 1 Post-operative change in symptoms in posterior fossa decompression with duraplasty (PFDD) and

stealth cranioplasty (SC)

Symptoms Surgery Change in symptoms P
Total Improved Remained same
n (%) n (%) n (%)
Occipital headache PFDD 13 (68.4) 8 (61.5) 5 (38.5) 0.287
SC 10 (43.5) 9 (90.0) 1 (10.0)
Neck pain PFDD 17 (89.5) 11 (64.7) 6 (35.3) 0.823
SC 18 (78.2) 12 (66.7) 6 (33.3)
Arm pain PFDD 6 (31.6) 3 (50.0) 3 (50.0) 0.413
SC 2(8.7) 1 (50.0) 1 (50.0)
Paresthesia PFDD 16 (84.2) 4 (25.0) 12 (75.0) 0.764
SC 23 (100.0) 8 (34.8) 15 (65.2)
Limb weakness PFDD 15 (78.9) 2 (13.3) 13 (86.7) 0.004
SC 21 (91.3) 14 (66.7) 7 (33.3)
Gait disturbance PFDD 4 (36.4) 1(25.0) 3 (75.0) 0.806
SC 5(21.7) 2 (40.0) 3 (60.0)
Wasting PFDD 10 (100.0) 0(0.0) 10 (100.0) -
SC 16 (100.0) 0(0.0) 16 (100.0)

*Chi-square test
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TABLE 2 Post-operative change in symptoms in posterior fossa decompression (PFD) and stealth cranioplasty (SC)

Symptoms Surgery Change in symptoms P
Total Improved Remained same
n (%) n (%) n (%)
Occipital headache PFD 6 (54.5) 5(83.3) 1(16.7) 0.698
SC 10 (43.4) 9 (90.0) 1 (10.0)
Neck pain PFD 10 (90.9) 5 (50.0) 5 (50.0) 0.646
SC 18 (78.0) 12 (66.7) 6 (33.3)
Arm pain PFD 1(9.0) 0(0.0) 1 (100.0) 0.662
SC 2 (8.0) 1 (50.0) 1 (50.0)
Paresthesia PFD 9 (81.8) 1(11.1) 8 (88.9) 0.368
SC 23 (100.1) 8 (34.8) 15 (65.2)
Limb weakness PFD 10 (90.9) 3 (30.0) 7 (70.0) 0.125
SC 21 (91.0) 14 (66.7) 7 (33.3)
Gait disturbance PFD 2 (18.1) 0(0.0) 2 (100.0) 0.887
SC 5(21.2) 2 (40.0) 3 (60.0)
Wasting PFD 9 (100.1) 0(0.0) 9 (100.0) -
SC 16 (100.1) 0 (0.0 16 (100.0)

“Chi-square test was done.

Pre-operative data

Pre-operatively, out of 53 patients in three groups, 29
(54.7%) patients had occipital headache, 45 (84.9%) had
neck pain, 9 (17.0%) had arm pain, 48 (90.6%) had
paraesthesia, 46 (86.8%) had weakness of limbs, 35
(66.0%) (20.8%) had gait
disturbance. neurological

had wasting and 11
Pre-operative signs
(86.8%),
dissociated sensory loss in 47 (88.7%), gait disturbance
in 12 (22.6%), wasting in 35 (66.0%) and cerebellar signs

in 3 (5.7%) patients.

comprised of weakness of limbs in 46

Post-operative data

Regarding symptoms among the groups, none of the
symptoms improved significantly except only the

weakness of limb which improved significantly (P
0.004) in SC group than the PFDD group (TABLE 1 and
2). None of the signs
significantly in any of the groups. In addition, no

neurological improved
patients having wasting and cerebellar signs improved
in any of the groups (TABLE 3 and 4).

The post-operative average CCOS score in SC group
(13.0 £ 1.8) was higher than the PFD (11.6 + 1.1) and
PFDD (11.4 = 1.3) groups which was significant only
between PFDD and SC (P=0.003). Assessing post-
operative outcome with CCOS score based on the type
of surgery showed most of the patients in PFD (81.8%)
and PFDD (78.9%) groups achieved functional outcome
(CCOS 9-12) while most of the patients in SC group
(65.2%) achieved excellent outcome (CCOS 13-16).

TABLE 3 Post-operative change in neurological findings in posterior fossa decompression with duraplasty (PFDD) and

stealth cranioplasty (SC)

Symptoms Surgery Change in symptoms pPr
Total Improved Remained same
n (%) n (%) n (%)
Limb weakness PFDD 15 (78.9) 2(13.3) 13 (86.7) 0.073
SC 21 (91.3) 10 (47.6) 11 (52.4)
Dissociated sensory loss PFDD 16 (84.2) 4 (25.0) 12 (75.0) 0.92
SC 22 (95.7) 7 (30.4) 15 (65.2)
Gait disturbance PFDD 4(21.1) 0 (0.0 4 (100.0) 0.631
SC 6 (26.1) 2(33.3) 4 (66.7)
Wasting PFDD 10 (52.6) 0(0.0) 10 (100.0) -
SC 16 (69.7) 0(0.0) 16 (100.0)
Cerebellar signs PFDD 1(5.3) 0 (0.0 1 (100.0) -
SC 2(8.7) 0(0.0) 2 (100.0)

*Chi-square test
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TABLE 4 Post-operative change in neurological findings in posterior fossa decompression (PFD) and stealth

cranioplasty (SC)
Symptoms Surgery Change in symptoms P
Total Improved Remained same
n (%) n (%) n (%)
Limb weakness PFD 10 (90.9) 2 (20.0) 8 (80.0) 0.279
SC 21 (91.0) 10 (47.6) 11 (52.4)
Dissociated sensory loss PFD 9 (81.8) 1(10.1) 8 (88.9) 0.458
SsC 22 (95.0) 7 (30.4) 15 (65.2)
Gait disturbance PFD 2(18.1) 0(0.0) 2 (100.0) 0.999
SC 6 (26.2) 2(33.3) 4 (66.7)
Wasting PFD 9 (81.8) 0(0.0) 9 (100.0) -
SsC 16 (69.0) 0(0.0) 16 (100.0)
Cerebellar signs PFD 0 (0.0 0 (0.0 0 (100.0) -
SC 2 (8.0) 0(0.0) 2 (100.0)

*Chi-square test

Comparing the outcome with CCOS category wise, SC
group was significantly better than both PFD (P=0.010)
and PFDD (P=0.004) groups (TABLE 5).

TABLE 5 Category-wise post-operative chicago chiari
outcome scale in PFDD and SC groups, and PFD and
SC groups

Surgery CCOSs* Pt
9-12 13-16

PFDD vs SC
PFDD 15 (78.9) 4(21.1) 0.004
SC 8 (34.8) 15 (65.2)

PFD vs SC
PFD 9 (81.8) 2 (18.2) 0.010
SC 8 (34.8) 15 (65.2)

4 = Incapacitated outcome; 5— 8 = Impaired outcome; 9 — 12 = Functional outcome;
13 — 16 = Excellent outcome.
tChi-square test

Post-operative complications were very high in the
PFDD group. Nine (47.4%) out of 19 patients in this
group had complications in the form of infection,
sagging, CSF leak, HCP
pseudomeningocele, and five of these patients had CSF

cerebellar and
related complications. In the PFD group, only two
(18.2%) had complications in the form of cerebellar
sagging, while in the SC group there was no
complication in any form and the findings were
significant only between SC and PFDD groups (P
=0.001).

DISCUSSION

CML1 is recognized as caudal ectopia of the cerebellar
tonsils more than 5 mm beyond the foramen magnum.
Both clinical and radiological findings are integral parts
of the diagnosis and more importantly for decision
making in management as well as for assessing the

outcome. CM1 is mostly a congenital disorder where

transgression occurs around the cranio-cervical
junction. Shallow posterior fossa along with disparity of
CSF flow and dynamics between the cranial and spinal
compartments lead to This
disparity of CSF tonsillar

impaction at the foramen magnum as well as

tonsillar herniation.

circulation following

discrepancy of CSF circulation from the subarachnoid
space into the spinal cord parenchyma are also
about the formation of

responsible to bring

syringomyelia.2 3.6
Bony decompression is the recognized basic surgery for
CM1 as well as for syringomyelia that is well accepted

With the

decompressing the crowded posterior fossa as well as

and commonly practiced. goal of
the craniocervical junction, and reestablishing the CSF
flow and dynamics there, combination of different
surgical techniques has evolved. They range from bony
decompression with or without duraplasty; preserving
or breaching the arachnoid; not touching, dissecting or
resecting the tonsils; dural graft tenting or performing
cranioplasties.’>23 Each of the surgical procedures has
their own debatable advantages and disadvantages. All
the techniques ultimately are adapted to alleviate the
symptoms and signs, manage syringomyelia and
reduce complications. This study, is the first of its kind
to be conducted at BSMMU. The surgical technique that
we innovated is basically a combination of different
procedures that are generally practiced with the aim to
enlarge the posterior fossa and maintain the newly
created space, reestablish CSF flow and dynamics
around the foramen magnum, prevent recurrence, and
avoid complications. Although the present surgical
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techniques yield better results than before, outcomes of
different modalities of surgery for CM1 are varied
owing to lack of absolute measurement standard.
However, our technique, the Stealth cranioplasty, seems
to be a good one considering its outcome compared to
the traditional standard surgical practices. In this study,
we compared the clinical outcomes between the
traditional standard procedure of PFDD and our
technique of the SC. We also compared the clinical
outcomes between another standard procedure of PFD
and our innovated technique of SC.

Different studies, show that most of the adult CM1
patients are affected in their fourth decades and in most
of the studies, females outnumbered males.2426 The
demographic findings were different in our study. The
racial difference may have some influence on the
dimensions of the posterior fossa and more importantly
on the diameter of the foramen magnum which might
have caused relatively early manifestations in the
patients. For the male dominance, possibility is that
males in Bangladesh start to work at an early age and
most of them are manual heavy workers which may
affect the existing problems to manifest more in them.
On the other hand, females in Bangladesh are very
reluctant to go to physicians unless the disease process
becomes unbearable.

The late presentation with longer duration of symptoms
and signs in our study reflects the negligence of
patients as well as financial constraints in some cases
although more than three years of symptom duration
are not uncommon.? 2’ Duration of symptoms has
profound influence over outcome as literatures show
that the longer the duration of symptoms, the worse is
the prognosis. This stresses the urgency to diagnose
and treat at the earliest to prevent or even to reverse the
deficits in some cases.? 28

CM1 patients
symptoms, especially when they have associated SM

usually present with myriad of
and heterogeneity of presentations continually pose
mystery. Symptoms and signs typically arise from
impairment of functions involving the cerebellum,
brain stem or spinal cord, alone or in combinations
particularly when associated syringomyelia is present.
In CM1 patients, most studies labelled short-lived
valsalva-type maneuver provoked headache, neck pain,
arm pain, paraesthesia, numbness, muscle weakness,

and gait disturbance as the most common symptom.
Among the neurological findings, weakness of limbs,
dissociated sensory loss, gait disturbance, muscle
wasting and cerebellar signs are the common ones.2 52
Following surgery, post-operative improvements of
symptoms and signs are reported to range from 73.6-
88.6%.24.30 Post-operatively, findings of this study show
that almost all the symptoms and signs improved
evidently. The better outcome of symptoms and signs
were seen in cases of SC than in the other two groups in
this series although statistical significance between the
groups could not be established. However, direct
comparison of surgical outcome with previous studies
would be non-judicious as the parameters of evaluation
of clinical conditions, types of surgeries and time of
follow ups are different in different studies from ours.

CCOS was introduced in 2012 and was validated later
as an outcome assessment tool for post-operative CM1
patients.31.32 CCOS is being used widely to assess post-
operative outcome of CM1 patients and has become a
reliable t00l.2527,33,34¢ Post-operative outcome can be
measured with CCOS in 2 ways; by assessing
improvement with the overall score and by categorizing
the patient into functional outcome groups based on
that score. Most of the studies on adult CM1 patients
show that the average CCOS that could be achieved
ranges between 13 to 14.5.25.28,3335 Most of the patients
in different series succeeded in achieving excellent
outcome on average with good CCOS. The average
score or the groups that the patients fall varies
depending on several factors like the duration of
symptoms, variability of symptoms, abundance of
surgical techniques or range of follow up periods.2s, 3335
Altogether most of the patients in our series had
functional outcome considering SC alone, two third of
the patients had excellent outcome. In most of the other
series, the general outcome with CCOS improved
gradually with time and varied noticeably depending
on different factors. The overall surprising low number
of excellent outcomes in our patients can be attributed
to short period of follow up which could have been
better if there would be longer follow ups. The
relatively better outcome in SC group than the other
two groups might be due to the absence of any
complications as well as formation and maintenance of
more space in the posterior fossa in this group and
better maintenance of the CSF dynamics at the
craniovertebral junction.
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Complications are common following surgery for CM1
as in any other surgery. The rates vary from center to
center and are largely dependent on the procedure
performed and certain patterns of complications can be
recognized depending on techniques. Complication rate
varies from zero complication to as high as 33.3% in
different series.?>27,30,33,34,36 Common complications
include cerebrospinal fluid leak, pseudomeningocele,
meningitis, wound infection, hydrocephalus, subdural
collections, and often a less common cerebellar slump
or ptosis.26,27,30,3437 It is well established that the
complication rates, particularly the CSF related ones
occur more following procedures that breach the
arachnoid, while extradural or arachnoid preserving
procedures are evidently better in avoiding CSF related
complications.?, 29,30, 34,38

The high number of CSF related complications in the
PFDD group can easily be linked to the breach of the
arachnoid during surgery. The cerebellar slumps in the
PFD group were most likely due to extra-large
craniectomies than usual. The SC group did not have
any complications which marks the superiority of this
technique over the other two. It is always better to have
less complications but it is best to avoid those. We
developed our technique initially to avoid recurrence
and complications, and it seems this works well
although to assess the recurrence longer follow ups are
needed. As we performed arachnoid preserving
duraplasty, the chances of CSF related complications
are automatically eliminated. The tacking of the graft
with the implant helps in maintenance of the CSF space
better than other With the smaller
craniectomy augmented by the measured stealth

procedures.

cranioplasty, the chance of cerebellar slump is checked
as well.

Limitations

Due to the COVID-19 pandemic, the study population
was smaller than anticipated. Although SC was done by
a single surgeon, the other two types of surgeries (PFD
and PFDD) were done by multiple surgeons which may
have influenced the outcome in those. The follow up
period of this study was also short.

Conclusion

Despite the remarkable advents of modern medical
science in the past few decades, CM1 continues to be an

enigmatic entity. Substantial variations exist in the
management of these patients surgically. Rate of post-
operative improvement of different symptoms and
signs, and development of complications in CM1
patients vary widely depending on surgical techniques.
Divergences in techniques of surgery and different
lengths of post-operative follow ups make the outcome
assessments more complex. It had been and probably
will continue to be difficult to stratify patients of CM1
into definite categories based on indications and
surgical strategies for CM1. Although SC showed better
of CCOS and

compared to other two most commonly practiced

outcome in terms complications
standard procedures PFDD and PFD, a common
management protocol for CM1 which would be ‘gold
standard’ or ‘one-size-fits-all' with uniform outcome

seem rather elusive.
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