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Abstract

Objective Symptom recurrence remains a problem for some
patients after surgical decompression for Chiari I malformation.
We set out to identify variables at presentation that could
identify subgroups most likely to experience incomplete
symptom relief after hindbrain decompression for Chiari I
malformation.

Materials and methods We retrospectively reviewed the
records of all pediatric patients undergoing first-time
suboccipital decompression for Chiari I malformation over a
10-year period. Measured outcomes included (1) persistence
or recurrence of symptoms regardless of severity and (2) need
for revision decompression.

Results Two hundred fifty-six children (10 Syears old)
underwent surgery for Chiari I malformation and were
followed up for a mean of 27months. Presenting symptoms
included headache in 192 (75%) patients and brainstem or
cranial nerve symptoms in 68 (27%) patients. Fifty-seven
(22%) patients experienced mild to moderate symptom
recurrence. Nineteen (7%) patients required revision de-
compression for significant symptom recurrence. Headache
was 70% more likely to persist or recur versus cranial nerve
or brainstem symptoms (relative risk 1.70, p<0.05). Vertigo
and frontal headache independently increased the odds of
symptom recurrence 2.9- and 1.5-fold, respectively. Each
increasing year of preoperative headache duration was
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independently associated with 15% increase in likelihood
of symptom persistence (p<0.05). Severe tonsilar ectopia
(caudal to C2 lamina) was twice as likely to require revision
decompression (14% versus 6%).

Conclusion In our experience, recurrence of mild symp-
tomatology not severe enough to justify revision surgery
may occur in nearly a fifth of patients after surgery.
Headache was more likely to recur than objective cranial
nerve or brainstem symptoms. Increasing duration of
headaches, frontal headaches, and vertigo may be more
refractory symptoms of Chiari I malformation.

Keywords Chiari malformation - Predictors - Risk factors -
Outcome

Introduction

Type 1 Chiari malformation was originally described in
1891 as caudal displacement of the cerebellar tonsils
through the foramen magnum [5]. Since its initial descrip-
tion, many symptoms of cerebellar, brainstem, and spinal
cord pathology have been attributed to this complex disease
[13, 22, 23]. The standard treatment for Chiari I malforma-
tion remains to be posterior fossa decompression [2, 8, 12].
Selection criteria for surgical intervention at many institu-
tions remain solely based on degree of tonsillar ectopia and
character of presenting symptoms. While short-term im-
provement of symptoms and physical signs have been
reported in up to 75-90% of Chiari I patients following
decompression, as many as 35% of patients may experience
symptom recurrence years after surgery [3, 4, 6, 7, 10, 15—
17, 19, 21]. Hence, identification of novel predictors of
outcome is needed to better select patients most likely to
benefit from surgical intervention.
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Many authors have reported large patient series of outcomes
following surgical management of Chiari I malformation [3, 4,
6, 7, 10, 15-17, 19, 21]. However, studies assessing
independent predictors of symptom recurrence are few and
limited by smaller sample size, lack of multivariate analysis,
and failure to account for cases of initial treatment response
followed by subsequent symptom recurrence. Furthermore,
most prior series define symptom failure as need for revision
decompression, neglecting symptoms recurring or persisting
to a less severe degree. In our series of 256 consecutive
patients undergoing first-time hindbrain decompression for
Chiari I malformation, we set out to assess the incidence of
both treatment failure (need for revision decompression) and
partial persistence of symptomatology. Furthermore, we
attempt to identify preoperative signs, symptoms, and
radiographic findings that may independently identify patient
subgroups most likely to respond to surgical management
versus those that are less responsive to surgery.

Materials and methods

Presenting symptomatology, neurological deficits, demo-
graphics, co-morbidities, pre- and postoperative radiological
studies, operative records, and follow-up clinical records
were reviewed in 256 consecutive patients undergoing first-
time posterior fossa decompression for Chiari I malformation
at the Johns Hopkins Hospital between 1995 and 2005. An
electronic database was recorded by cataloging patient
demographics, presenting symptoms, and degree of tonsil
herniation. Additionally, the presence of syringomyelia,
scoliosis, hydrocephalus, basilar invagination, fused cervical
vertebrae, platybasia, atlanto-occipital assimilation, or
cervico-medullary kinking on MRI were also identified and
recorded. Patients with cranial, facial, or skeletal syndromes
were not included in this analysis. All patients in this series
were offered surgical decompression if they presented
with symptoms consistent with Chiari I malformation
(tussive headache, cervical pain, central apnea, dysphagia,
aspiration, vertigo, vocal cord paralysis, motor/sensory deficits,
nystagmus, ataxia, uncoordination, and syringomyelia) and
demonstrated cerebellar tonsil herniation at least Smm below
the foramen magnum. Appropriate otolaryngology, pulmonary,
and ophthalmological consultations were obtained to
determine a central etiology of apnea, cranial nerve, and
ophthalmological findings. All studied patients underwent
bony decompression of the foramen magnum and Cl1
cervical laminectomy.

Surgical technique

The surgical technique for craniectomy and duraplasty was
standardized for all reviewed patients performed by three
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surgeons (J.W., B.C., G.J.). All patients underwent surgery
in the prone position with the head fixed in a Mayfield or a
horseshoe head holder. A small suboccipital craniectomy
and a C-1 laminectomy were performed. The craniectomy
usually extended from the foramen magnum upward,
including the inferior nuchal line of the occipital bone,
covering the insertion area of the rectus capitis posterior
minor muscle, and the medial insertion area of the rectus
capitis posterior major muscle. This typically measured
3cm in width and 3cm in height. The surgeons ensured an
adequate decompression of the rim of the foramen. The
tonsils were visualized using intraoperative ultrasonogra-
phy. If the tip of the tonsils could not be sufficiently
exposed, a C-2 laminectomy was additionally performed.
C2 laminectomy was avoided whenever possible. When
performing duraplasty, the dura was opened in a Y-shaped
fashion spanning the majority of the 3 % 3-cm craniectomy.
The dura was closed with a triangular synthetic dural graft
(Dura-Guard; Bio-Vascular, Inc., St. Paul, MN, ISA),
pericranium, or Goretex patch ensuring the reconstruction
of open CSF space at the craniospinal junction. The
preoperative surgical plan for all cases was to perform
duraplasty unless evidence of adequate bony hindbrain
decompression was evident on intraoperative ultrasound
(Prosound SSD 1000, Aloka Inc.). The intraoperative
decision not to perform duraplasty was subjectively based
on their interpretation of the intraoperative ultrasonography
findings. Only patients that felt to have evidence of
physiological systolic tonsilar pulsations and decompres-
sion of the subarachnoid spaces ventral and dorsal to tonsils
after bony decompression did not receive duraplasty.

Outcome assessment

Patients’ response to surgery was first assessed at their
3-month follow-up visit to the clinic. If patients continued
to demonstrate their preoperative symptoms consistent with
Chiari malformation to any degree (excluding surgery
related complaints) on consecutive follow-up visits, they
were recorded as symptom recurrence. Symptomatology
that was not considered to be related to Chiari malformation
or associated with other identifiable factors was not
considered symptom recurrence. The time of symptom
recurrence was recorded as a function of months after
surgery. Patients that never reported improvement with
surgery were documented as such on their first (1-month)
postoperative clinic visit. If symptoms persisted or recurred
to a level of severity thought to be equivalent to the
patient’s preoperative level, conservative management was
first attempted. In patients with shunted hydrocephalus,
recurrent Chiari-associated headache was only considered
after head CT, Shunt X-rays, and radionucleotide shunt
patency studies ruled out shunt malfunction. When marked
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symptom recurrence persisted and MRI suggested continued
hindbrain crowding, revision decompression was offered. In
cases of Chiari-associated syringomyelia, revision decom-
pression was also offered if there was both clinical and
radiographic evidence of worsening syrinx to any degree.
The incidence of mild symptomatology not warranting
revision surgery and more marked recurrent symptoms
that resulted in reoperation were both documented and
recorded. The incidence and time of radiographic change
of Chiari-associated syrinx was also documented.

The Chiari I database was retrospectively analyzed to assess
the independent association of presenting symptomatology,
physical exam findings, radiological variables, and operative
variables to postoperative symptom recurrence and revision
surgery. Univariate comparison of symptom-improved survival
was expressed as Kaplan—Meier plots and assessed via log-rank
analysis for stratified co-variables and proportional-hazards
regression analysis for continuous variables. A multivariate
proportional-hazards regression model was then created to
model symptom recurrence containing only variables demon-
strating p values <0.1 in univariate analysis. Variables
demonstrating a p value >0.1 in multivariate analysis were
removed from the model (Fig. 1).

Results
Patient population
Two hundred fifty-six children underwent first-time surgery

for Chiari I malformation over the reviewed time period.
Mean + SD age at time of surgery was 10 + Syears, and 121
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Fig. 1 Kaplan—Meier plot of incidence of recurrence of symptoms
regardless of severity as a function of time after surgery for pediatric
Chiari I patients. Tics represent censored patients. Headache was 1.7-
fold more likely to recur after surgery compared to cranial nerve and
brainstem symptoms, p<0.05

(47%) patients were male. Presenting symptoms are
summarized in Table 1. Presenting symptoms included
headache in 192 (75%) patients (mean duration, 12months)
and brainstem or cranial nerve symptoms in 68 (23%; mean
duration, 8months). Forty (15%) patients had headaches
with a frontal component. In these cases, frontal headache
was tussive with tonsil ectopia below C1 in all cases. Tonsil
herniation did not descend below C1 in 38 (15%) patients,
descended between C1 and C2 in 195 (76%) patients, and
below C2 in 23 (9%) patients. Eight (3%) patients had
epilepsy, 35 (14%) had shunted hydrocephalus, 69 (27%)
had syringomyelia, and 29 (11%) patients had scoliosis at
the time of surgical decompression. Of Chiari I patients
with shunted hydrocephalus, 12 (34%) presented with
headaches, six (17%) with syringomyelia, and 17 (48%)
with lower cranial nerve dysfunction. All patients under-
going hindbrain decompression with concurrent Chiari I

Table 1 Summary of presenting symptoms and signs in 256
consecutive pediatric patients undergoing first-time hindbrain decom-
pression for Chiari I malformation

Variable N=256 Relative risk (95%CI) p value
Male 121 (47%)  0.75 (0.44-1.29) 0.310
Age (years) 10£5 0.98 (0.96-1.07) 0.231
Age<5 years 61 (23%) 1.22 (0.66-2.25) 0.526
Tonsil rostral to C1 38 (15%) 0.91 (0.45-1.85) 0.803
Tonsil caudal to C2 23 (9%) 1.73 (0.62-4.84) 0.295
Syringomyelia 69 (27%)  0.66 (0.37-1.20) 0.180
Scoliosis 29 (11%)  0.48 (0.22-1.10) 0.101
Symptomatology
Headache 192 (75%)  0.68 (0.37-1.25) 0.220
Frontal HA 40 (15%) 1.65 (1.0-3.38) 0.021
Duration of headache 12+5 1.02 (1.01-1.04) 0.007
Headache alone 60 (23%)  0.72 (0.40-1.33) 0.301
Nausea and vomiting 67 (26%) 1.1 (0.61-1.97) 0.758
Vertigo 49 (19%)  3.06 (1.49-6.33) 0.003
Swallowing difficulty 45 (17%)  0.92 (0.46-1.86) 0.822
Balance difficulty 43 (17%) 1.82 (0.85-3.92) 0.112
Hydrocephalus 35 (14%) 1.18 (0.60-2.33) 0.631
Bowel and bladder 19 (7%) 0.98 (0.39-2.46) 0.967
dysfunction
Cranial nerve III-1V 19 (7%) 1.12 (0.42-2.96) 0.815
dysfunction
Nystagmus 17 (6%) 0.77 (0.22-2.69) 0.682
Apnea 16 (6%) 1.19 (0.39-3.57) 0.758
Ataxia 11 (4%) 2.31 (0.60-8.91) 0.225
Operative
Non-duraplasty 140 (55%) 1.89 (1.22-3.23) 0.020
C2 laminectomy 33 (13%)  0.60 (0.30-1.22) 0.161
Tonsil coagulation 17 (7%) 0.79 (0.22-2.87) 0.726

Univariate association of variable at presentation with symptom
recurrence (log-rank analysis for stratified variables and proportional-
hazards regression analysis for continuous variables).
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and shunted hydrocephalus demonstrated normal shunt
function and intracranial pressure. Duraplasty was per-
formed in 116 (45%) cases. Tonsil coagulation was
performed in 17 (7%) cases.

Long-term symptom recurrence and revision surgery

Patients were followed up for a mean of 2+1years. Seventy-
four (27%) patients were followed up for >3years, and 42
(15%) were followed up for >4years postoperatively. Four
(2%) patients developed perioperative surgical site infection.
Two (1%) patients experienced an incisional CSF leak
following duraplasty and required reoperation.

Fifty-eight (22.6%) patients experienced symptom re-
currence postoperatively. Recurrent symptoms were con-
sidered mild (decreased from preoperative severity) in 39
(15%) patients. Recurrent symptoms were considered
severe, requiring revision decompression in 19 (7%)
patients. Of these, 16 patients had MRI evidence of
recurrent hindbrain crowding (Fig. 2a), while three demon-
strated clinically and radiographically worsening syringo-
myelia. Thirty-nine (15%) patients with recurrent
symptoms demonstrated adequate hindbrain decompression
on MRI (Fig. 2b). Headache was 70% more likely to recur
than cranial nerve and brainstem symptoms [relative risk
(95%CI); 1.7 (1.01-3.34), p<0.05; Fig. 1]. For the 19 (7%)
patients undergoing revision decompression, nine had not
received prior duraplasty, which was then performed at
revision surgery. Of these, seven (78%) experienced
resolution of their symptoms after duraplasty at revision
surgery. The other ten patients undergoing revision decom-
pression had duraplasty performed at primary surgery;
however, thick extradural bands and multiple intradural
adhesions were found and transected at revision surgery.

Fig. 2 Axial T2-weighted MRI
6 months after hindbrain de-
compression in a a patient with
severe recurrent symptoms that
required revision decompression
for the persistent hindbrain
crowding demonstrated here
versus b a patient with mild to
moderate recurrent symptoms
that demonstrated adequate
hindbrain decompression and
was not offered revision
decompression
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For the 69 patients with Chiari-associated syrinx,
syringomyelia improved in 43 (62%) cases and remained
stable in 23 (34%) cases. Three (4%) patients experienced
clinical and radiographic worsening of syringomyelia
requiring revision hindbrain decompression.

Predictors of treatment failure

In univariate analysis, patients with frontal headache,
increasing duration of headache, with vertigo, and not
undergoing duraplasty were at increased risk of symptom
recurrence (Table 1). Age, degree of tonsilar herniation,
headache alone, length of hospital stay, and presence of
syringomyelia or scoliosis were not associated with
increased symptom recurrence. In univariate analysis,
severe tonsilar ectopia was the only variable associated
with an increased incidence of revision decompression.
Although the incidence of mild to moderate symptom
recurrence was not increased with tonsilar ectopia caudal to
C2 (p=0.29, Table 1), the incidence of revision decom-
pression was greater in patients with severe tonsilar
herniation (caudal to C2) versus mild or moderate hernia-
tion (rostral to C2; revision decompression: 14% versus
6%).

In multivariate analysis, frontal headache [relative risk
(95%CI); 1.55 (1.02-3.31), p=0.050] and vertigo [relative
risk (95%CI); 2.89 (1.12-6.79), p=0.017] independently
increased the odds of subsequent symptom recurrence 1.5-
and 2.9-fold, respectively (Table 2). Each increasing year of
preoperative headache duration was associated with a 15%
increase in the likelihood of symptom recurrence (p=0.019;
Table 2). While non-duraplasty cases were associated with
increased symptom recurrence in univariate analysis, non-
duraplasty was not associated with symptom recurrence
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Table 2 Multivariate proportional-hazards regression analysis dem-
onstrating the independent association of preoperative variables to
symptom recurrence after surgical decompression for Chiari I
malformation in children

Variable RR (95%CI) p value
Length of headaches® 1.013 (1.01-1.03) 0.019
Vertigo 2.89 (1.12-6.79) 0.017
Frontal headache 1.55 (1.02-3.31) 0.050

Increasing length of preoperative headache, presence of vertigo, and
frontal headaches were independently associated with increased
likelihood of postoperative symptom recurrence.

? Increasing preoperative duration of headache in months

independent of specific symptomatology (vertigo, frontal
headache) in multivariate analysis.

No preoperative variables were independently associated
with an increased risk of revision decompression in
multivariate analysis. While tonsilar ectopia caudal to C2
was associated with revision decompression in univariate
analysis, it was not independently associated with treatment
failure in multivariate analysis for this sample size.

Discussion

Analysis of our surgical experience with pediatric Chiari I
malformation has shown that among patients undergoing
hindbrain decompression for Chiari I malformation, a fifth
of patients may experience mild to moderate symptom
recurrence by 2 years after surgery. Similar to prior studies,
our more classic definition of treatment failure (need for
reoperation) was low (7%). Headache was most likely to
recur postoperatively, almost twice as often as symptoms
attributed to cranial nerve or brainstem compression.
Furthermore, the risk of treatment failure was highest
within the first 18 months, with a decreased risk beyond
18 months postoperatively. Patients experiencing continued
symptom relief after 4 years of follow-up rarely experi-
enced delayed symptom failure. However, only 15% of
patients were followed up beyond 4 years, making
definitive conclusions regarding late symptom recurrence
difficult. Patients with longer durations of headache, with
frontal headaches, or presenting with vertigo were sub-
groups most likely to experience recurrence after surgical
treatment of Chiari I malformation.

The incidence of symptom recurrence observed in our
study is similar to that previously reported [9, 11, 16, 19].
However, many prior studies have either focused primarily
on improvement in symptoms, investigated only short-term
treatment response, defined treatment failure as revision
decompression, or have not accounted for symptom

recurrence after initial treatment success [1, 3, 4, 6, 7, 10,
15-17, 19, 21]. Our experience shows that a subset of
children will experience initial relief, which is followed by
subsequent recurrence. Hence, it may be vital to outcome
studies of Chiari I malformation to assess not absolute
incidence of treatment response by revision surgery but
rather long-term incidence of symptom recurrence to any
degree as a function of time after surgery. Of particular
interest was the fact that only one-third of patients with
recurrent symptoms demonstrated a pathological explana-
tion (recurrent hindbrain crowding or increased syrinx) on
MRI. In fact, two-thirds of patients experiencing any degree
of symptom recurrence demonstrated adequate hindbrain
decompression on MRI. The former finding likely represents
true surgical failure, while the latter finding may represent
poor patient selection, highlighting the importance of precise
surgical selection.

Headache, the most common symptom in our series, as
well as in previously published series [1, 11, 16], was more
likely to recur than symptoms attributed to hindbrain
compression and cranial nerve dysfunction. This is likely
a result of the more subjective nature of this symptom. The
etiology of headache may also be multifactorial in patients
with Chiari I malformation. Tonsilar ectopia may have been an
incidental and non-contributory finding in this subgroup of
headache patients experiencing treatment failure. Similarly,
benign radiographic abnormalities such as nonspecific white
matter abnormalities, arachnoid cysts, and venous angiomas
are also incidentally found in up to 85% of patients with
common migraines [14, 20]. The etiology of cranial nerve and
brainstem symptoms may be a more specific and direct result
of tonsilar ectopia given its decreased recurrence rate in our
and other series [1]. In our practice, the vast majority of
patients presenting with tonsilar ectopia and headache alone
are not offered surgery. Only for cases where the headache is
suboccipital in location, tussive, reproducible in clinic, and
have failed prolonged conservative medical management will
surgery be considered. The majority of patients presenting
with headache alone will improve with conservative
management, cannot be reproduced consistently, are frontal
in location, and are never considered for surgery.

Patients with shunted hydrocephalus can also be a
challenge. Because tonsilar ectopia may be a result of
shunt malfunction and a cranial-spinal pressure gradient,
shunt malfunction and slit ventricle syndrome must be ruled
out prior to considering hindbrain decompression. In our
series, all patients underwent radionucleotide shunt patency
studies along with shunt tapping in order to document
normal pressure and shunt flow. However, the presence of
aspecific symptoms like headache may better correlated to
the anomalous cranial growth microcrania and progressive
thickening of the vault than hindbrain compression. In
cases where shunt failure and slit ventricle syndrome have
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been ruled out, surgical procedures aiming at eliminating
the pressure gradient across the foramen magnum, such as
cranial expansion, may also lead to similar or even better
symptomatic relief than posterior cranial fossa decompres-
sion by removing the cause rather than the effect of the
condition. Nevertheless, the challenge for appropriate
identification of secondary tonsilar ectopia versus true
Chiari I malformation in order to guide the appropriate
intervention remains.

Increased duration of preoperative headache was associated
with an increased risk of treatment failure in our analysis. Dyste
et al. similarly found that preoperative duration of symptoms
greater than 2 years was associated with poor outcomes [7].
This effect may be due in part to the diversity of headache
etiologies mentioned previously [20] or that a prolonged
course of chronic pain may have detrimental psychological,
behavioral, or pain tolerance effects that may subsequently
predispose to postsurgical treatment failure [1]. Patient
selection plays a large role in subsequent treatment failure
rates. Offering surgery only to patients with tonsilar ectopia of
7 mm or more, with headaches that are exclusively
suboccipital, tussive, and reproducible, may yield improved
results for long-term headache control.

Vertigo in the Chiari population is often a result of
pathology of the cerebellum and brainstem, respectively
[18]. Though described as a common presenting complaint
in patients with Chiari [ malformations [13, 16], the specific
responsiveness of these symptoms to surgical decompression
have not been well studied. Severe, hindbrain crowding and
compression has been postulated to disrupt cerebellar
function, as well as peripheral and long-tracts of vestibular
and cerebellar function. It is unclear why vertigo, which
likely localizes to the hindbrain, was less responsive to
surgery in our series. This may identify patients with more
significant hindbrain crowding that may need more marked
hindbrain decompression than was surgically implemented
or the consequence of compressive pathology of these
pathways may be less reversible. Regardless of etiology,
our patients presenting with preoperative vertigo as a major
symptom demonstrated a greater incidence of symptom
recurrence.

The observed effect of duraplasty versus craniectomy
alone on outcome is of particular interest. Directly
comparing non-duraplasty versus duraplasty cases, revision
surgery rate was higher in non-duraplasty cases. However,
this association was lost when adjusting for other indepen-
dent risk factors, suggesting that non-duraplasty patients
had a higher failure rate due to their higher incidence of
vertigo and long-standing and frontal headaches. Likewise,
patients with severe tonsilar herniation caudal to the C2
lamina demonstrated an increased reoperation rate. How-
ever, there were many differences in baseline characteristics
between the severe and mild—moderate herniation cohorts.
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Hence, adjusting for relevant difference in multivariate
analysis resulted in a non-significant association with
treatment failure, suggesting that either the model was
underpowered with too few patients or that the increased
failure rate of severe ectopia was an epiphenomenon
resulting from differences in the patient population.

Patient age, syringomyelia, scoliosis, hydrocephalus, C2
laminectomy, or tonsilar coagulation was not associated
with symptom recurrence or revision surgery in our practice
experience. This was likely due to precise differentiation
between shunt- and Chiari-related headaches, as well as
the high incidence of syrinx improvement (62%) observed
with hindbrain decompression alone. However, the retro-
spective nature of this study and non-standardized treat-
ment paradigms (duraplasty, tonsil coagulation) make
definitive conclusions on the efficacy of these treatment
measures difficult. The observed associations of vertigo,
frontal headache, and long-standing headache with symp-
tom recurrence are likely applicable to surgeons with
similar treatment algorithms but may be less applicable to
those with varied practices. Future prospective prognostic
studies are needed to validate these observations of our
experience.

Conclusions

In reviewing our 10-year institutional experience, recur-
rence of mild symptomatology not severe enough to
justify revision surgery may occur in nearly a fifth of
patients after surgery, suggesting that reoperation alone
may not be a sufficient outcome measure in future studies.
Headache was more likely to recur than cranial nerve or
brainstem dysfunction. Increasing duration of headache,
frontal headache, and vertigo independently increased the
likelihood of symptom recurrence after surgical decom-
pression. These patients may represent a symptom etiology
that is not localized to hindbrain compression or is less
responsive to hindbrain decompression and may be appropriate
for more prolonged conservative management. These observa-
tions may help contribute to patient education on postoperative
expectations.
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