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Abstract

Objective: Posterior fossa decompression (PFD) is commonly applied as treatment for Chiari
malformation type 1 (CM1), an entity which is associated with a variety of presenting symptoms
but little data correlating symptoms to surgical outcome. We applied the Chicago Chiari Outcome
Scale (CCOS), a novel 16-point tool for evaluating outcome, to a consecutive series of CM1
patients to identify specific factors or symptoms that predispose to a better or worse surgical
outcome.

Methods: A series of 167 CM1 patients who underwent initial PFD at our institution (consisting
of suboccipital craniectomy, C1 laminectomy, subarachnoid exploration, and expansile autologous
pericranial duraplasty) were reviewed. Pre-operative signs, symptoms, and characteristics were
recorded, and odds ratios were calculated to identify significant pre-operative factors
corresponding to a better or worse outcome on the CCOS.

Results: Sensory deficits and peripheral neuropathy correlated with a lower score on the CCOS.
Younger age at the time of surgery and, strikingly, presence of syringomyelia both correlated with
a higher CCOS score.

Discussion: Our results identify specific presenting factors that correlated with a better or worse
outcome after CM1 decompression. These data also demonstrate that CCOS scoring allows for a
rigorous comparison of outcome in different patient populations and between variable operative
techniques. Application of CCOS scoring to a larger patient population undergoing a variety of
operative CM1 treatments should allow for better-informed decisions regarding patient selection
and treatment options for CM1.
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Background

Chiari malformation type 1 (CM1) is characterized by herniation of the cerebellar tonsils
through the foramen magnum leading to compression of the posterior fossa contents and
frequently a pathological obstruction of cerebrospinal fluid flow out of the fourth ventricle.
1.2 syringomyelia is a frequent associated finding; it is estimated that over 90% of all cases
of syringomyelia occur in the presence of CM1.3 The precise pathophysiology of the
symptoms and of the associated syringomyelia remains poorly understood.1-24

The clinical manifestations of CM1 are diverse. The most common symptoms are occipital
headache that occurs or worsens upon the Valsalva maneuver; radiating neck pain;
peripheral neuropathy (including dysesthesias and paresthesias); syncope, or ‘drop attacks;’
tinnitus; dysphagia; cerebellar dysfunction (including ataxia and tremor); vertigo or
dizziness; and incontinence.!

Though most published data agrees that posterior fossa decompression (PFD) can treat the
CM1 syndrome, there remains controversy regarding operative technique and patient
selection based on individual risk and benefit.? Specifically, why some patients do not
experience improvement in symptoms despite demonstration of adequate decompression at
the foramen magnum, as evidenced by MRI CINE flow studies® or anatomical MR imaging,
7.8 js poorly understood. As pointed out by McGirt and colleagues, symptom recurrence
despite adequate decompression may reflect poor patient selection.®

We recently introduced a quantitative scale for assessing outcome of Chiari decompression,
the Chicago Chiari Outcome Scale (CCOS).® In the present study, we applied the CCOS to a
group of 167 consecutive patients who have undergone initial PFD for CM1 at our
institution in order to identify various demographic and clinical factors associated with CM1
that correlate significantly with improved or worsened outcome after surgery.

Methods and Patients

Patient selection, surgical procedure and follow-up

Charts of 245 consecutive surgical patients who underwent PFD for CM1 over a 12-year
period at our institution were reviewed. Of these patients, 210 were first-time PFD patients.
All patients underwent suboccipital craniectomy, C1 laminectomy, subarachnoid
exploration, and placement of autologous pericranial expansile duraplasty. The senior author
(DF) performed over 95% of these operations and the remainder were performed by faculty
surgeons trained at our institution, indicating that this patient group underwent uniform
application of a specific PFD surgery. All clinic notes at follow-up were generated under the
supervision of the operating faculty surgeons.

Of these 210, 29 were lost to follow-up; and 14 lacked sufficient information in their follow
up clinic notes to be able to retrospectively apply all four subscores of the CCOS (Table 1).
For the remaining 167 patients, common pre-operative signs, symptoms, and demographic
information were extracted from the charts.
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Patients were divided randomly among five independent raters for assignment of post-
operative categories and scores. To determine inter-rater reliability, 30 patients were selected
at random and scored by all five raters, as previously described.? Surgical outcomes were
assessed at the last point of follow-up with the senior author, either by clinic visit or
communication with the patient’s primary care physician.® It has been demonstrated in
several series, that Chiari patients frequently will experience some improvement in their
symptoms after decompressive surgery, only to have a recurrence 6-12 months after surgery.
81011 patients were instructed to follow up regularly up to 1 year after surgery, either in our
clinic or with their primary care physician; if they were well and stable, they were
discharged from follow-up. One hundred and nine patients had their last documented clinic
visit at our institution at least 1 year or more after surgery (range: 12-142 months); 39 more
had their last documented visit less than 1 year after surgery (range: <1-11 months), but
informed the senior author of their status via local follow-up 1 or more years after surgery.
The remaining 19 patients were unable to be assessed 1 year or more after surgery (last
clinic visit with senior author, range: 2-11 months).

The CCOS consists of four categories, each scored from 1-4: these include pain symptoms,
non-pain symptoms, ability to perform daily responsibilities, and surgical complications.
The numerical score assigned in each category represents the change from pre-operative
baseline to post-operative state at the time of assessment in each category. These four
categories are summed to generate a composite score, ranging from 4-16, reflecting the
overall outcome of surgery. In the present study, we clarified the initially published scoring
criteria:? patients who lacked pain symptoms in their initial presentation and who still had
no pain symptoms post-operatively received a score of ‘4’ in the pain subcategory. Likewise,
patients who lacked non-pain symptoms in their initial presentations and who still had no
non-pain symptoms post-operatively received a score of ‘4’ in the non-pain subcategory.

Patient demographics

For the 167 patients analyzed, 37% were male and 63%, female. Fifty-four percent were
under the age of 18 at diagnosis, and 53%, at the time of surgery. Thirteen percent had a
family history that included CM1 (Table 2).

For each of the 167 patients, we recorded the following signs and symptoms associated with
CM1 as present (or absent) immediately before surgery: Headaches associated with the
Valsalva maneuver, 44%; neck pain, 34%; peripheral neuropathy (including dysesthesia,
paresthesia, and hyperesthesia), 42%; syncope, 16%; tinnitus, 21%; and dysphagia, 17%;
cerebellar dysfunction symptoms (ataxia, self-reported gait abnormalities, or tremors), 25%;
vertigo or dizziness, 17%; bowel or bladder incontinence, 7% (Table 3); pinprick loss, 44%;
positive Romberg sign, 7%; paresis, 18%; and cognitive impairment, 15% (Table 4).
Cognitive impairment included developmental delays, memory impairment, and any self-
reported changes in cognitive abilities. Eight patients presented with scoliosis (7%). One
hundred and ten of the patients had some documentation of the duration of the primary
symptom. Eighty five of these had symptoms lasting 1 year or longer (Table 3). Only one
patient had concomitant hydrocephalus.
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Presence of a syrinx and the degree of tonsillar herniation were determined either directly
from MR images or from written reports. Forty-three percent of patients had a documented
syrinx pre-operatively (Table 5). The size ranged from less than a single vertebral level to a
holocord syrinx, and the location was predominantly in the cervical and thoracic regions. We
categorized the degree of herniation by vertebral level, as our patients varied greatly in both
age and size. The degree of herniation was able to be evaluated only in 62 of the 167
patients; 43 had pre-operative MRIs accessible to the research staff, and 19 had the degree of
herniation (in terms of vertebral level) in either a pre-operative radiology report or clinic
note. Of these 62, eight had cerebellar tonsils that did not extend past the foramen magnum;
10 herniated to between the foramen magnum and C1; 28, to C1; 6 between C1 and C2; and
10 to C2 or beyond (Table 5). As for vertebral abnormalities, no patients were treated for
basilar invagination or with craniocervical fusion, and none manifested instability post-
operatively.

CCOS total scoring distribution

The CCOS total scores ranged from 4-16. For the 167 patients analyzed, 112 scored a 13 or
higher on the CCOS; 48, between 9 and 12; and 7, between 4 and 8. We chose to split the
scores into only two groups for the purpose of our analysis in assessing ‘better’ versus
‘worse’ outcome. We tested several stratification schemes within the scoring system to
determine a cut off for ‘improved’ outcome: 4-12 versus 13-16; 4-11 versus 12-16; 4-10
versus 11-16; and 4-9 versus 10-16. We determined that the cutoff between 4-10 and 11—
16 was the most appropriate. Analysis to this level produced the greatest number of
significant outcome odds ratios (ORS).

Therefore, those with higher scores (11-16) were deemed to have experienced a good
outcome from surgery; those with lower scores (4-10) were deemed to have experienced a
poor outcome from surgery. In our 167 patients, 137 (82%) scored an 11 or higher on the
CCOS, while 30 (18%) scored a 10 or below. Of those 30 who experienced a ‘poor’ outcome
from surgery, we have post-operative CINE flow data for 20. Despite experiencing a
recurrence of symptoms, 11 of these had completely normal flow at the foramen magnum,
and 7 more had some, albeit reduced, flow. Only 2 of the 20 showed no flow. This further
supports the need to identify which factors predispose patients to symptom resolution with
surgical intervention, as anatomical decompression is not strictly correlative.

Symptoms, signs, and outcome associations

ORs were generated to identify factors correlative with a better (CCOS 11-16) versus a
worse (CCOS 4-10) outcome. ORs were considered to be significant if the 95% confidence
interval excluded 1, and if the Pvalue was <0.05. The outcome association of each
presenting symptom or sign is shown in Tables 3-5. All factors demonstrating a significant
correlation (OR) with outcome are summarized in Table 6. Neither gender nor a history of
familial Chiari I correlated significantly with total CCOS score.
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Patients presenting with peripheral neuropathy (dysesthesia, parasthesia, or hyperesthesia)
were 2.91 times more likely to experience a poor outcome of surgery (1.28-6.61; £<0.05).
Patients presenting with peripheral neuropathy and Valsalva headache were 2.85 times more
likely to experience a poor outcome of surgery (1.22-6.63; £<0.05). Patients presenting with
peripheral neuropathy and neck pain were 2.49 times more likely to experience a poor
outcome of surgery (1.03-6.00; ~£<0.05). Patients presenting with peripheral neuropathy and
syncope were 4.64 times more likely to experience a poor outcome of surgery (1.43-15.02;
FP<0.05) (Table 6). No other specific symptom or pairwise combination of symptoms
produced significant ORs.

No specific individual sign correlated significantly with outcome, although loss of sensitivity
to pinprick was strongly trending towards significance (OR: 2.23; 95% CI: 0.998-5.01;
P=0.0504). Patients presenting with pinprick loss and a positive Romberg sign were 4.06
times more likely to experience a poor outcome of surgery (1.02-16.15; /£<0.05), and
patients presenting with pinprick loss and paresis were 3.18 times more likely to experience
a poor outcome of surgery (1.05-9.56; £<0.05). Patients presenting with peripheral
neuropathy and pinprick loss were 3.12 times more likely to experience a poor outcome of
surgery (1.35-7.19; £<0.05) (Table 6). No other specific sign, pairwise combination of
signs, or pairwise combination of signs and symptoms produced significant ORs.

There were three factors found to be positive prognostic indicators, i.e. they correlated with
a favorable outcome of surgery. Patients who were less than 18 years old at the time of
surgery were 2.72 times more likely to have a good outcome than those who were 18 years
or older at the time of surgery (1.18-6.26; P<0.05) (Table 6). Male patients under the age of
18 years at the time of surgery were even more likely to benefit from surgery (OR: 3.39;
95% ClI: 1.12-10.30; ~<0.05). This is consistent with a variety of reports in the literature
that pediatric patients experience better outcomes of decompressive surgery than do adult
patients.12

Surprisingly, the degree of herniation was not found to correlate significantly with outcome.
Perhaps this is due to other anatomical nuances of cerebellar tonsillar anatomy other than
length. The most striking finding, however, was that in our series patients with a pre-
operative syrinx were 3.94 times more likely to experience a good outcome of surgery
(1.52-10.25; A<0.05) (Table 6). This directly contradicts the findings of many other studies,
which demonstrated that patients with syringomyelia were more likely to experience a poor
outcome from surgery.#10:13.14 |t should be noted that the ORs for a poor outcome for
patients without syringomyelia who had peripheral neuropathy trended towards significance
(OR: 2.42; 95% CI: 0.95-6.19; P=0.0644). Likewise, the OR for a poor outcome for patients
without syringomyelia who presented with both pinprick loss and peripheral neuropathy
trended towards significance (OR: 2.57; 95% CI: 0.95-6.94; P=0.0623). These trends did not
hold for patients with syringomyelia and the respective presenting symptomatology. A
prospective study validating these factors as predictive, and allowing for uniform assessment
of CCOS scores at set post-surgical time points, will be essential in the future.
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Discussion

Decompressive surgery is successful at providing symptom relief for many Chiari patients;
however, some patients do not benefit from surgery despite achieving adequate anatomic
decompression. Currently, this discrepancy is poorly understood, often making it difficult to
advise a patient on whether surgery is the best option for an individual case. Therefore, a
determination of which pre-operative characteristics correlate with better outcomes is very
helpful. Identifying which subsets of patients for whom the benefits of surgery do and do not
outweigh the risks will aid in optimally advising patients about what to expect from surgery.
Such data will reduce the incidence of surgical treatment in patients whose outcome would
have been better with a more conservative medical management option.

Several attempts to identify which patients respond favorably to decompression have been
published, but have largely suffered from small sample size and a poorly defined outcome
scoring system.8:15-17 The most commonly utilized outcome description is that of
‘improved’, ‘unchanged’, or ‘worse’.’:8:10-12,14,16,18-20

These poorly defined categories fail to represent the distinct components of the goals of
decompression: to improve symptoms and quality of life with minimal risk. Furthermore, the
‘unchanged’ category in the conventional outcome scale is ambiguous, i.e. it can include
patients who were the same as at baseline as well as patients who experience improvement
in some aspects but no change or worsening in others. These shortcomings prompted us to
develop a more quantitative system of evaluating post-operative outcome for CM1
decompressive surgery that combines the objective and subjective improvement in the
patients’ signs and symptoms with the self-perceived benefits to quality of life and the risks
of surgery,® the CCOS. This has allowed us to identify pre-operative factors that correlate
with outcome, based on four discrete categories relevant to the CM1 patient: pain symptoms,
non-pain symptoms, ability to perform daily responsibilities, and surgical complications.

To identify pre-operative factors that correlated with outcome, we utilized a binary system
(CCOS 4-10 versus 11-16). This proved to be the most significant cutoff statistically, i.e.
producing the greatest number of significant ORs for correlation between pre-operative
factors and outcome. We believe that this represents resolution of the ambiguity associated
with the ‘unchanged’ category. It also fits with the design of the CCQOS, which has a high
threshold for improvement and a low threshold for deterioration.

In the present study, peripheral nerve symptoms, either neuropathy (including dysesthesia,
paresthesia, and hyperesthesia) or loss of sensitivity to pinprick, correlated with a poor
outcome after surgery. The significant pairwise combinations of symptoms also center
around these two categories. This agrees with the previous finding that patients with sensory
deficits are unlikely to experience improvement.16 It has previously been argued that sensory
or motor deficits and syringomyelia may represent a more advanced stage of the disease.

It is not surprising that age under 18 years at the time of surgery correlated with higher

CCOS scores as there are significant differences between the presentation of CM1 in adult
and pediatric patients.1% Children and adults may even vary in response to specific surgical
treatments: multiple studies have demonstrated that pediatric patients do better with bone-
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only decompression and a conservative craniectomy,10:11.19.20 thoygh the meta-analysis
done by Durham and Fjeld-Olenec, pooling studies from several centers, demonstrated a
decreased risk for re-operation when PFD was combined with duraplasty in children.1”
Several studies have demonstrated greater symptom relief in adult patients with
syringomyelia when duraplasty is utilized. Some studies have even gone so far as advocating
tonsillar resection,”-14 though there is also objection to such a technique.11:20:21 |t would be
possible to better compare these techniques, as well as others such as dura splitting
decompression,?2 utilizing the CCOS as a standardized quantitative outcome assessment.

The most striking finding in our study is that patients presenting with syringomyelia were
significantly more likely to achieve a better outcome score. This directly contradicts the
findings of several other studies,*7:10.13.14.23.24 gne of which was in a pediatric population
only,10 where the correlation trend between syringomyelia and poor outcome was not
statistically significant. It is possible that our technique, which routinely includes duraplasty,
provides better symptom relief for patients with syringomyelia, as has been reported
previously.”:23.24

The other major radiological finding-evaluated degree of tonsillar herniation, did not
correlate significantly with outcome. This is not altogether surprising, as the natural history
of CML1 is poorly understood. Even after symptoms present, they can spontaneously resolve,
25 though in many, CM1 symptoms slowly progress over long periods of time, with
intermittent periods of stability and/or regression.*12 Several studies have demonstrated that
patients operated earlier in their symptomatic course will respond better.12:15.16 Many
patients with CM1 and significant tonsillar herniation will be diagnosed while asymptomatic
with a chance of remaining so over an extended period of time.1:2:26 Conversely, there is an
increasing awareness of a small subset of patients who manifest with a syrinx or other
convincing CM1 symptomatology with no discernable herniation.12 It is also widely
accepted that the cerebellar tonsils may ascend with age,2” making the diagnosis of CM1 by
tonsillar herniation alone imprecise. Is it possible that other radiological features, such as
posterior fossa volume?8 or dynamic cerebrospinal fluid flow imaging,2® may present a more
precise metric for predicting outcome via the CCOS in future studies.

Another possible contributing factor may lie in the fact that our institution has long favored
early surgical intervention, with syringomyelia constituting an absolute indication to offer
surgery. Many experts believe CML1 to be a progressive disease,*12 with patients
experiencing better outcomes with early surgical intervention.8:12.15.16 \wWhile the present
study does not directly address this question, this is a potentially contributing factor to these
unusual results. The most likely contributing factor is that by using a numerical scoring
system, we are better able to sort through and detect some form of improvement in the
patients that otherwise would have been categorized as ‘unchanged’ in the simple improved/
unchanged/worse categorization. This represents the greatest strength of the CCQS, in that it
can be used to more thoroughly evaluate patient outcome after decompressive surgery for
CM1, allowing for more rigorous comparisons across patient demographics,
symptomatology, and a widely variable operative technique.
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Analysis of a larger population of patients will be necessary in order to resolve several of the
ORs presented here. A larger sample size will also allow examination of a larger group of
predictive factors as Dyste et a/. did to identify the triplet combination of atrophy, ataxia and
scoliosis.18 Another weakness of the study is the inherent bias in retrospective data
gathering. Nonetheless, we have identified certain factors as strongly correlating with higher
or lower CCOS scores indicating a good or poor overall outcome. These data give
quantitative clarity to how patients are likely to benefit from this procedure. In our hands,
younger patients and patients presenting with syringomyelia are more likely to experience a
good outcome of surgery, and patients presenting with peripheral neuropathy or loss of
sensitivity to pinprick are frequently less likely to experience a good outcome from surgery.

We believe that this scale can be applied to determine which sets of patients respond
favorably to distinct surgical techniques, resolving lingering questions of surgical
intervention versus medical management, as well as which surgical method is most
appropriate for which patient. As the scale can easily be applied retrospectively via chart
review, it will also facilitate pooling of data for meta-analysis to produce more generalizable
results across broader populations of patients. This information has the potential to affect
patient selection for surgery by allowing better-informed decisions regarding the likelihood
of a good outcome with a specific constellation of presenting symptoms.

Acknowledgements

We would like to thank Reza Yassari, MD, for his contributions to developing the idea for this manuscript.

References

1. Tubbs RS, Lyerly MJ, Loukas M, Shoja MM, Oakes WJ. The pediatric Chiari | malformation: a
review. Childs Nerv Syst. 2007;23:1239-50. [PubMed: 17639419]

2. Nash J, Cheng JS, Meyer GA, Remler BF. Chiari type | malformation: overview of diagnosis and
treatment. Wisconsin Med J. 2002;101(8):35-40.

3. Bidzinski J Pathological findings in suboccipital decompression in 63 patients with syringomyelia.
Acta Neurochir Suppl (Wien). 1988;43:26-8. [PubMed: 3213652]

4. Levy WJ, Mason L, Hahn JF. Chiari malformation presenting in adults: a surgical experience in 127
cases. Neurosurgery. 1983;12(4):377-90. [PubMed: 6856062]

5. Haroun RI, Guarnieri M, Meadow JJ, Kraut M, Carson BS. Current opinions for the treatment of
syringomyelia and Chiari malformations: survey of the pediatric section of the American
association of neurological surgeons. Pediatr Neurosurg. 2000;33(6):311-7. [PubMed: 11182642]

6. Panigrahi M, Reddy BP, Reddy AK, Reddy JJ. CSF flow study in Chiari | malformation. Childs
Nerv Syst. 2004;20(5):336—-40. [PubMed: 15085382]

7. Galarza M, Sood S, Ham S. Relevance of surgical strategies for the management of pediatric Chiari
type | malformation. Childs Nerv Syst. 2007;23(6):691-6. [PubMed: 17252266]

8. McGirt MJ, Attenello FJ, Atiba A, Garces-Ambrossi G, Datoo G, Weingart JD, et al. Symptom
recurrence after suboccipital decompression for pediatric Chiari | malformation: analysis of 256
consecutive cases. Childs Nerv Syst. 2008;24(11):1333-9. [PubMed: 18516609]

9. Aliaga L, Hekman KE, Yassari R, Straus D, Luther G, Chen J, et al. A novel scoring system for
assessing Chiari malformation type | treatment outcomes. Neurosurgery. 2012;70(3):656—65.
[PubMed: 21849925]

10. Navarro R, Olavarria G, Seshadri R, Gonzales-Portillo G, McLone DG, Tomita T. Surgical results

of posterior fossa decompression for patients with Chiari | malformation. Childs Nerv Syst.
2004;20(5):349-56. [PubMed: 15022006]

Neurol Res. Author manuscript; available in PMC 2019 September 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hekman et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 9

Alzate J, Kothbauer K, Jallo GI, Epstein J. Treatment of Chiari type | malformation in patients with
and without syringomyelia: a consecutive series of 66 cases. Neurosurg Focus. 2001;11(1):E3.

Bidzinski J Late results of the surgical treatment of syringomyelia. Acta Neurochir Suppl (Wien).
1988;43:29-31. [PubMed: 3213653]

Pillay PK, Awad IA, Little JR, Hahn JF. Symptomatic Chiari malformation in adults: a new
classification based on magnetic resonance imaging with clinical and prognostic significance.
Neurosurgery. 1991;28(5):639-45. [PubMed: 1876240]

Guyotat J, Bret P, Jouanneau E, Ricci AC, Lapras C. Syringomyelia associated with type | Chiari
malformation. A 21-year retrospective study on 75 cases treated by foramen magnum
decompression with a special emphasis on the value of tonsils resection. Acta Neurochir (Wien).
1998;140(8):745-54. [PubMed: 9810440]

Bindal AK, Dunsker SB, Tew JM Jr. Chiari | malformation: Classification and management.
Neurosurgery. 1995;37(6):1069-74. [PubMed: 8584146]

Dyste GN, Menezes AH, VanGilder JC. Symptomatic Chiari malformations. an analysis of
presentation, management, and long-term outcome. J Neurosurg. 1989;71(2):159-68. [PubMed:
2746341]

Durham SR, Fjeld-Olenec K. Comparison of posterior fossa decompression with and without
duraplasty for the surgical treatment of Chiari malformation type | in pediatric patients: a meta-
analysis. J Neurosurg Pediatr. 2008;2(1):42-9. [PubMed: 18590394]

Attenello FJ, McGirt MJ, Gathinji M, Datoo G, Atiba A, Weingart J, et al. Outcome of Chiari-
associated syringomyelia after hindbrain decompression in children: analysis of 49 consecutive
cases. Neurosurgery. 2008;62(6):1307-13; discussion 1313. [PubMed: 18824997]

Caldarelli M, Novegno F, Vassimi L, Romani R, Tamburrini G, Di Rocco C. The role of limited
posterior fossa craniectomy in the surgical treatment of chiari malformation type I: experience
with a pediatric series. J Neurosurg. 2007;106(3 Suppl):187-95. [PubMed: 17465383]

Krieger MD, McComb JG, Levy ML. Toward a simpler surgical management of Chiari |
malformation in a pediatric population. Pediatr Neurosurg. 1999;30(3):113-21. [PubMed:
10352412]

Erdogan E, Cansever T, Secer HI, Temiz C, Sirin S, Kabatas S, et al. The evaluation of surgical
treatment options in the Chiari malformation type I. Turk Neurosurg. 2010;20(3):303-13.
[PubMed: 20669102]

Limonadi FM, Selden NR. Dura-splitting decompression of the craniocervical junction: reduced
operative time, hospital stay, and cost with equivalent early outcome. J Neurosurg. 2004;101(2
Suppl):184-8. [PubMed: 15835106]

Munshi I, Frim D, Stine-Reyes R, Weir BK, Hekmatpanah J, Brown F. Effects of posterior fossa
decompression with and without duraplasty on Chiari malformation-associated hydromyelia.
Neurosurgery. 2000;46(6):1384-9; discussion 1389-90. [PubMed: 10834643]

Romero FR, Pereira CA. Suboccipital craniectomy with or without duraplasty: what is the best
choice in patients with Chiari type 1 malformation? Arq Neuropsiquiatr. 2010;68(4):623-26.
[PubMed: 20730321]

Aitken LA, Lindan CE, Sidney S, Gupta N, Barkovich AJ, Sorel M, et al. Chiari type |
malformation in a pediatric population. Pediatr Neurol. 2009;40(6):449-54. [PubMed: 19433279]
Novegno F, Caldarelli M, Massa A, Chieffo D, Massimi L, Pettorini B, et al. The natural history of
the Chiari type | anomaly. J Neurosurg Pediatr. 2008;2(3):179-87. [PubMed: 18759599]

Mikulis DJ, Diaz O, Egglin TK, Sanchez R. Variance of the position of the cerebellar tonsils with
age: preliminary report. Radiology. 1992;183(3):725-8. [PubMed: 1584927]

Noudel R, Gomis P, Sotoares G, Bazin A, Pierot L, Pruvo JP, et al. Posterior fossa volume increase
after surgery for chiari malformation type I: a quantitative assessment using magnetic resonance
imaging and correlations with the treatment response. J Neurosurg. 2011;115(3):647-58.
[PubMed: 21294619]

McGirt MJ, Atiba A, Attenello FJ, Wasserman BA, Datoo G, Gathinji M, et al. Correlation of
hindbrain CSF flow and outcome after surgical decompression for Chiari | malformation. Childs
Nerv Syst. 2008;24(7):833-40. [PubMed: 18205006]

Neurol Res. Author manuscript; available in PMC 2019 September 02.



Page 10

Hekman et al.

9W021N0 JuUB||3dXa 9T

9W0oJIN0o Jeuonouny 2T

awWo9INo pairedwi g

3Wo021N0 pajencedeoul i

851n09 pajestjdwoosun i
uo1eo1|dwod Jusisues g

pajj01u0d
J18m — uoneoijdwoo juasisiad gz

pajjonuod Ajlood
— uoneoldwod jusisisiad :T

[euonouny Ajny i SwoidwAS mMau JO 19SUO OU/PaA0Sal i SWwoydWwAS Mau JO 18SUO OU/PaA|0Sal i
(souepuane spaw yyum pabeuew swoldwAs spaw yum pabeuew swoldwAs

9505<) JuswJredwi pjiw € MBU JO Jasuo/palredwiun — panosdwi i€ MU JO J8sUo/spawl yim pabeuew/panosdw ;g
(souepuane swoydwAs pabeuew Ajood mau swoydwAs pabeuew Ajiood

060G>) Juswiredw alesspow iz 40 18suoypalieduil Ing panosdwi/pabueyoun iz Mau Jo 18suo/spalu 01 A1o1oelsal/pabueyoun g

puane 03 a|qeun ;T as1om swoldwAs annresado-aid ;T aslom swoldwAs aniresado-aid :T

94103s |elol

suoneldwo)d

Ajeuonouny ureduoN ured

3|20 8W02INQ 11eIyD 06edIyD

Author Manuscript

B0 Bunods 8[eds awodINQ LeIyD 0bedIyD

T alqeL

Author Manuscript Author Manuscript Author Manuscript

Neurol Res. Author manuscript; available in PMC 2019 September 02.



Page 11

Hekman et al.

Author Manuscript

¢ 9lqeL

Author Manuscript

(%098) T2/8T
(%26) 1S/LY
(%68) 68/62
(%88) 06/6.
(%8L) G0T/28 '(%68) 29/5S

(%E€T) T2
(%1€) 1§
(%€9) 68
(%¥S) 06
(%€9 9%.€) SOT ‘29

T LIy ferjiwed (+)
alew+A1abuns Je pjo sieak gT>
K1abuns ye pjo sieak g1>
sisoufelp 1e pjo sieak gT>

aleway ‘BleN

TI<SO2D

(% douapiou) N

ansiIsIdRIRYD

Alo1s1y [earpaw Juauniad pue solydeibowsap uaned

Author Manuscript

Author Manuscript

Neurol Res. Author manuscript; available in PMC 2019 September 02.



Page 12

Hekman et al.

Author Manuscript

€ 9lqeL

Author Manuscript

(%6.) 58/.9 (%/.) 0TT/S8 AK1abins a10y9q Jeak T< Bunse| swoydwAs Arewiid
(%00T) 8/8 (%3) 8 $1501109S (+)
(%€8) 2T/0T (%) 2t souaunuoou| (+)
(%91) 62/22 (%L1) 62 $saUIZzIp/oBILaA (+)
(%06) TY/L€ (%S2) Tv swoydwAs ejagaisd (+)
(%08) S€/8¢ (%.7) 82 e1beydsAq (+)
(%L2) selLe (%T2) 6¢ snuuulL (+)
(%01) Lz/6T (%91) 22 2doouAs (+)
(%€L) 0418 (%zv) 0L Ayredounau essydusd (+)
(%T8) L8/97 (%ve) LS ured 498N (+)
(%82) €1/95 (%tby) €L ayoepeay eafesfen (+)
TI<SO0D (% @duspiour) N wordwAs

Author Manuscript

palenjena sublis 10 UOIRIDOSSE WOJIN0 puE 32UsPIdU|

Author Manuscript

Neurol Res. Author manuscript; available in PMC 2019 September 02.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Hekman et al.

Table 4

Incidence and outcome association of symptoms evaluated

Signs N (incidence %) CCOS 211
(+) Pinprick loss 73 (44%) 55/73 (75%)
(+) Romberg sign 12 (7%) 8/12 (67%)
(+) Paresis 30 (18%) 21/30 (70%)
(+) Cognitive impairment 25 (15%) 22/25 (76%)
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