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Outcomes in children undergoing posterior fossa
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OBJECTIVE Despite significant advances in diagnostic and surgical techniques, the surgical management of Chiari
malformation type | (CM-I) with associated syringomyelia remains controversial, and the type of surgery performed

is surgeon dependent. This study’s goal was to determine the feasibility of a prospective, multicenter, cohort study
for CM-I/syringomyelia patients and to provide pilot data that compare posterior fossa decompression and duraplasty
(PFDD) with and without tonsillar reduction.

METHODS Participating centers prospectively enrolled children suffering from both CM-I and syringomyelia who were
scheduled to undergo surgical decompression. Clinical data were entered into a database preoperatively and at 1-2
weeks, 3-6 months, and 1 year postoperatively. MR images were evaluated by 3 independent, blinded teams of neuro-
surgeons and neuroradiologists. The primary endpoint was improvement or resolution of the syrinx.

RESULTS Eight clinical sites were chosen based on the results of a published questionnaire intended to remove geo-
graphic and surgeon bias. Data from 68 patients were analyzed after exclusions, and complete clinical and imaging re-
cords were obtained for 55 and 58 individuals, respectively. There was strong agreement among the 3 radiology teams,
and there was no difference in patient demographics among sites, surgeons, or surgery types. Tonsillar reduction was
not associated with > 50% syrinx improvement (RR = 1.22, p = 0.39) or any syrinx improvement (RR = 1.00, p = 0.99).
There were no surgical complications.

CONCLUSIONS This study demonstrated the feasibility of a prospective, multicenter surgical trial in CM-I/syringomyelia

ABBREVIATIONS ASAP = American Syringomyelia and Chiari Alliance Project; CM-I = Chiari malformation type I; PFD = posterior fossa decompression; PFDD = PFD and
duraplasty; PFDD-T = PFDD with tonsillar reduction.
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and provides pilot data indicating no discernible difference in 1-year outcomes between PFDD with and without tonsillar
reduction, with power calculations for larger future studies. In addition, the study revealed important technical factors to

consider when setting up future trials. The long-term sequelae of tonsillar reduction have not been addressed and would
be an important consideration in future investigations.

https://thejns.org/doi/abs/10.3171/2019.8.PEDS19154
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dal position of the cerebellar tonsils in the upper

cervical spinal canal. The accessibility of MRI has
led to an increase in CM-I diagnosis, which is detected at
an average age of 24.9 + 15.8 years."” While acquired ton-
sillar ectopia has been reported as a consequence of hy-
drocephalus, trauma, brain tumors,?? and other etiologies
(e.g., lumboperitoneal shunting),” true CM-I is thought to
be congenital.

Syringomyelia is a fluid-filled cavity within the spinal
cord that occurs secondary to a variety of etiologies, in-
cluding tumor, trauma, tethered cord, arachnoiditis, or,
as in the present study, CM-I. While surgical series of
CM-I decompression have reported a 65%—80% rate of
co-occurrence of syringomyelia,®'*2¢ imaging and epide-
miological CM-I studies have shown only a 23% rate of
co-occurrence.*

If warranted, the surgical treatment for CM-I consists
of enlargement of the posterior cranial fossa. The decision
to treat CM-I surgically is based on the severity and pro-
gression of symptoms and signs, in conjunction with MRI
and CSF flow findings. Most, though not all, pediatric neu-
rosurgeons agree that the presence of significant syringo-
myelia in association with CM-I is an indication for pos-
terior fossa decompression (PFD), even in the absence of
symptoms.2!>> However, there is major controversy about
the surgical technique that is used. While some advocate
bone-only craniocervical decompression (typically cra-
niectomy and C1 posterior arch removal), others recom-
mend bone decompression and duraplasty, and still others
recommend bone decompression and duraplasty with ton-
sillar reduction.?! While it is agreed generally that avoid-
ing a dural opening leads to a lower complication rate, a
rigorous comparison of the outcomes of various surgical
techniques is unavailable, as most studies to date have ex-
amined small, single-center, retrospective cohorts.>”!7

The goals of this pilot trial were to demonstrate the
feasibility of conducting a prospective, multicenter, surgi-
cal cohort comparison study of CM-I and syringomyelia
patients by establishing a cooperative group of centers to
work toward the goal of a future randomized trial, allow
the sample size and power for such a trial to be estimated,
and provide 1-year outcome data that compare two stand-
ard CM-I decompression procedures: craniectomy, C1
posterior arch removal, and duraplasty without tonsillar
reduction (PFDD) and craniectomy, C1 posterior arch re-
moval, and duraplasty with tonsillar reduction (PFDD-T).

Methods

Trial Design

This was a multicenter, prospective, nonrandomized
surgical trial for patients with CM-I and syringomyelia

CHIARI malformation type I (CM-I) consists of a cau-
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that compared the outcomes of PFDD with and without
tonsillar resection/reduction. The primary hypothesis was
that the two procedures were equivalent, with syrinx im-
provement as the primary outcome and symptomatic im-
provement as the secondary outcome.

The study concept and design originated from the fol-
lowing: 1) a survey of the membership of the American
Syringomyelia and Chiari Alliance Project (ASAP), the
largest patient-support network in North America, which
indicated that the surgical approach used to decompress a
CM-I is the most critical clinical question to answer (un-
published), and 2) a survey of the American Society of
Pediatric Neurosurgeons, which revealed important trends
and differences in treatment practices across the US and
highlighted the relevance of establishing outcome com-
parisons across centers to make appropriate management
recommendations.?!

Patient Recruitment and Clinical Data

After obtaining IRB approval for the study from all
participating centers, pediatric patients diagnosed with
both CM-I and syringomyelia were recruited. Inclusion
criteria included: children aged O to 17 years; a CM-I with
tonsil position at least 5 mm below the foramen magnum;
a syrinx with a width > 50% of the cross-sectional diam-
eter of the spinal cord, and a length of at least 2 cervi-
cal and/or thoracic vertebral segments. Exclusion criteria
included one or more of the following preexisting condi-
tions: hydrocephalus; tumor; brain trauma; stroke; men-
ingitis; abscess; other congenital anomalies of the brain
or skull base; vertebral anomalies (i.e., Klippel-Feil, atlas
assimilation, etc.); degenerative or demyelinating disease;
CM-I without syringomyelia; syringomyelia with cerebel-
lar tonsils in a normal position; fibromyalgia; chronic fa-
tigue syndrome; and prior posterior fossa surgery. Patients
unable to provide consent were also excluded. Standard-
ized forms were used for patient demographics, radiologi-
cal assessments, surgical details, and clinical follow-ups.
Data collected included pre- and postoperative signs and
symptoms, pre- and postoperative MR images of the brain
and entire spine, details of the surgical intervention, and
postoperative complications. The Office of Clinical Trials
in the University of Wisconsin Institute for Clinical and
Translational Research managed the study. De-identified,
uniform prospective data were entered and stored in an
electronic database. OnCore (Forte Research, Inc.) was
used as the study and data management software. Finan-
cial reimbursement included $3000 per center to cover
IRB fees, and an additional $500 per subject recruited.

Surgeons and Centers
While the study allowed individual surgeons to follow



clinical care algorithms and decisions practiced at their
institutions routinely, the centers were selected based on
answers to the American Society of Pediatric Neurosur-
geons survey,?’ with 2 main goals: 1) to choose surgeons
whose standard of practice after Chiari malformation
decompression included obtaining pre- and postopera-
tive brain and spinal MR images and clinical follow-up
at 2—4 months and at 1-2 years postoperatively and 2) to
ensure surgeon, center, and geographic diversity (Table 1).
The trial was designed to minimize bias by doing the fol-
lowing: 1) recruiting centers at which the primary inves-
tigators (with one exception added later) were not ASAP
(funding agency) medical advisory board members and 2)
having an independent management and data coordinat-
ing center (University of Wisconsin, primary investigator:
B.J.I. and co—primary investigator T.M.G.), and pre-study
statistical consultant (J.R.W.K.), none of whom participat-
ed in subject recruitment. No change or modification in
practice was required, as all surgeons followed their own
routine diagnostic, surgical, and postoperative care. The
goal was to accrue 8—12 patients per center.

Surgical Technique

Originally, the study included 3 procedures: PFD with
tonsillar reduction; PFD without tonsillar reduction, and
bone-only PFD. The bone-only procedure was eliminated
early in the study because of the dropping out of the 2
centers that perform the procedure routinely (before any
subject accrual) and the remaining centers’ lack of recruit-
ment of patients undergoing the bone-only procedure (2
subjects, removed from analysis). At approximately the
time the study began, only 7% of senior pediatric neuro-
surgeons surveyed performed bone-only decompressions
routinely.?! As aresult, all study patients underwent suboc-
cipital craniectomy, C1 and occasionally C2 laminectomy,
and duraplasty without manipulation of the cerebellar
tonsils (PFDD) or PFDD with tonsillar reduction (PFDD-
T). Six centers performed both types of decompression,
depending on the surgeon, and 2 performed tonsillar re-
duction in all patients accrued. Individually, all surgeons
performed only one type of surgery routinely.

Radiological Assessment

The majority of patients underwent pre- and postoper-
ative MRI of the brain and entire spine (with or without
cine flow assessment). Those who were missing scans con-
sidered crucial for data analysis (i.e., brain and cervical
spine MR images) were excluded from primary endpoint
analysis (but included in secondary endpoint analysis if
clinical data were available). De-identified MR images
were collected and reviewed in the coordinating center.
The postoperative MR images were obtained from 3
months to 1 year after surgery based on the routine prac-
tices of the various surgeons and centers.

The change in syrinx size was graded by 3 independent
groups of evaluators as follows: grade 1: > 50% improve-
ment; grade 2: < 50% improvement; and grade 3, worsen-
ing or no change. None of the evaluators were involved
in the study patients’ clinical care. Evaluator team 1 con-
sisted of 2 senior pediatric neurosurgeons who evaluated
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the images as a group; team 2 consisted of a senior neuro-
surgery resident and a senior neuroradiologists who evalu-
ated the images as a group; and evaluator 3 was a senior
neuroradiologist. All evaluators were blinded to patient
identifiers and surgery group. Of course, it is impossible to
blind the evaluators completely, as one theoretically might
recognize a tonsil that has been surgically reduced in size.

Outcomes Evaluation

The primary outcome was designated as improvement
or resolution of the syrinx, defined as > 50% improvement
in length, maximal cross-sectional diameter, or both. The
secondary outcome was designated as improvement in
any clinical signs or symptoms.

Data Quality

An electronic data collection system, with a standard
screening and data collection sheet, was used to ensure
consistent data collection and reporting. A research co-
ordinator reviewed the data at regular intervals for com-
pleteness and quality and to ensure protocol adherence.

Statistical Analysis

Patient demographics, hospital characteristics, and
baseline symptoms were compared between surgery types
and the primary endpoint of syrinx improvement using
Fisher’s exact test for categorical variables and the two-
sample t-test or Wilcoxon rank-sum test for continuous
variables. To investigate the association between surgery
type and syrinx improvement, we compared the “risk of
improvement” between the two groups using relative risk,
which is the proportion of patients who improved after
PFDD-T divided by the proportion of those who improved
after PFDD. To test the strength of association between
improvement and the surgery groups, we used logistic
models with a log link, which estimates the relative risk
and confidence intervals using maximum likelihood.®
Outcomes of interest were > 50% syrinx improvement
compared to no improvement or < 50% syrinx improve-
ment; and any syrinx improvement compared to no im-
provement. We used similar relative risk ratio estimation
to determine if any association existed between secondary
measures of symptom improvement, among those who ex-
perienced the symptom presurgery. Power calculations for
future studies are based on the assumption that one of the
two proportions is known, and we tested the null hypoth-
esis that the second proportion is equal to the first.3?

Results
Accrual and Exclusions

The study’s original intent was to recruit 120 patients
from 12 clinical sites over a 2-year period, with 8—12 pa-
tients per site, and 30-50 patients in each of the 3 sur-
gical procedures (bone-only PFD, PFDD, and PFDD-T).
Early in the planning phases and before any patient ac-
crual, the bone-only PFD procedure was eliminated, as
described in the Surgical Technique section. Accordingly,
the study’s goals were amended to 70-90 patients from 8
clinical sites. Final accruals were 75 patients in a 4-year-
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Total patients recruited
(n=175)
Did not meet
inclusion criteria —
(n=4)
Withdrew
Met (n=2)
exclusion criteria -
(n=1)
Total patients operated
[ (n=68) I
Primary endpoint Secondary endpoints
(Syringomyelia) (Clinical)
Missing MRI | |
@=9 Lostto FU
Inadequate MRI (n=13)
(n=2) |
| | | |
PFDD-T PFDD PFDD-T PFDD

(n=33) (n=25) (n=32) (n=23)

FIG. 1. Study inclusions and exclusions: This flowchart depicts all patients recruited into the study, including all inclusions and

exclusions leading to the final group analyzed. FU = follow-up.

period, with an average of 8 individuals (range of 6—12)
per center. Of the 75 patients who consented to enter the
study originally, 4 were excluded for not meeting inclu-
sion criteria (2 patients did not meet syrinx size criteria,
and 2 patients had no duraplasty performed); 1 patient was
excluded for meeting exclusion criteria (hydrocephalus);
and 2 patients withdrew for personal reasons, leaving 68
patients for analysis.

Data Completeness and Quality

Preoperative image quality was deemed adequate (i.e.,
good visualization of brain and spinal cord, including the
tonsils and syrinx) in 96.8%, 96.8%, 93.7%, and 92.2%
of the brain, cervical, thoracic, and lumbar MR images,
respectively, while postoperative quality was deemed ad-
equate in 96.8%, 93.7%, 82.8%, and 75%, respectively.
Ten patients were eliminated from the primary endpoint
analysis based on inadequate (2 cases) or missing (8 cases)
MR images (Fig. 1). Those who were excluded from the
primary endpoint analysis but had complete clinical data
were included in secondary endpoint analysis.

Patient Demographics

Of the 68 patients studied, 37 were female (54.4%) and
31 were male (45.6%). Thirty-eight patients were white
non-Hispanic (55.9%), 15 were African American (22.1%),
and 15 were grouped as others (22.1%), specifically 4 His-
panic, 3 Asian, 1 Native American/Alaskan Native, and 7
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unknown. Patient ages ranged from 2 to 17 years, with a
mean of 9.72 and a median of 9 years.

A total of 14 surgeons performed 68 surgical proce-
dures, with an average of 4.8 procedures per surgeon
(Table 1). Forty-two patients underwent PFDD-T (61.8%)
and 26 underwent PFDD (38.2%). These constituted the
two procedures in the study, and the two surgical groups’
demographic information is shown in Table 2. There were
no statistically significant differences in the populations’
demographics related to type of surgery performed, ex-
cept for study site and surgeon. No demographic variables
were different between study groups (p > 0.2), so none
were included in the multivariate model. A two-sample
t-test also showed no differences in baseline tonsillar posi-
tion or syrinx size between the groups (p > 0.37 and 0.89,
respectively). All patients underwent expansile duraplasty
using a graft. Autografts were used in 47.1% and allografts
in 52.9%.

Follow-Up and Retention

Postoperatively, 13 patients were lost to clinical follow-
up by 1 year, and 10 had inadequate or incomplete MRI
studies (Fig. 1). Postoperative visits occurred at the fol-
lowing intervals: first visit, 2—4 weeks; second visit, 3—6
months; and third visit, approximately 1 year. Sixty-six
patients (97%) were evaluated at the first postoperative
visit, 63 (92.6%) at the second, and 55 (80.8%) at the third,
such that clinical follow-up data were available for 55 pa-
tients at the end of the trial.
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TABLE 2. Patient demographics

No. of No. of

Participating Centers Patients Surgeons

All Children’s Hospital, St. Petersburg, FL 9 2

Boston Children’s Hospital, Boston, MA 10 1

Children’s National Medical Center, Washington, 8 3
DC

Duke University, Durham, NC 8 2

Oregon Health and Science University, Port- 7 1
land, OR

Children’s of Alabama, Birmingham, AL 12 1

University of Chicago, Chicago, IL 6 1

University of Pittsburgh, Pittsburgh, PA 8 3

The numbers represent patients who underwent surgery after meeting inclu-
sion criteria. See Fig. 1, which depicts the final numbers in each of the surgical
groups, along with the various exclusions.

Primary Outcome: Syrinx Improvement

Of the 68 patients who met the inclusion criteria, 58 had
pre- and postoperative MR images that were complete and
were of adequate quality for evaluation. The other 10 were
randomly distributed among 6 of the 8 centers. MR im-
ages were obtained at a mean of 5.5 + 3.6 (SD) months and
49 + 2.4 months in the PFDD and PFDD-T groups (p =
0.98 [Wilcoxon rank-sum test]), respectively. The 3 groups
of evaluators scored the images independently, and the
weighted kappa analysis demonstrated strong interobserv-
er agreements between all pairs of the 3 evaluator groups
(kappa = 0.85-0.95: Table 3). Syrinx size decreased in
83%—88% of patients depending on the evaluator group
(Table 4). Given the high agreement among the evaluators,
we used the measures of improvement from evaluator 1 as
the summary measure of all 3 evaluators.

The primary endpoint chosen during study planning
was > 50% syrinx improvement. The proportion of pa-
tients who had > 50% improvement in syrinx size was
52% in the PFDD group and 63.6% in the PFDD-T group
(RR = 1.22, p = 0.39), with no correlation between out-
come and timing of postoperative MRI. The proportion
of patients who had any improvement (compared to no
improvement) was 88% in both the PFDD and PFDD-T
groups (RR = 1.00, p = 0.99; Table 5).

Secondary Outcome: Clinical Symptoms and Signs

Of the 68 patients who met inclusion criteria, 55 had
complete 1-year follow-up data, and 44 of these had pre-
senting symptoms and signs, including the following: oc-
cipital headaches (28 patients [41.2%]); frontal headaches
(22 patients [32.4%]); Valsalva maneuver—related symp-
toms (12 patients [17.6%]); neck movement—related symp-
toms (8 patients [11.9%]); oropharyngeal dysfunction, that
is, swallowing difficulties, dysarthria, and/or apnea (10
patients [14.7%]); sensorimotor symptoms, that is, of the
face, hand, arm, and leg (17 patients [25%]), and cranial
nerve symptoms, that is, blurry vision, diplopia, visual
acuity, tongue atrophy/fasciculations, and nystagmus (17
patients [25%]). Physical examination findings included

Surgical Treatment

Variable PFDD PFDD-T
Sex, no. (%)
Female 14 (54%) 23 (55%)
Male 12 (46%) 19 (45%)
Racef/ethnicity, no. (%)
White non-Hispanic 17 (65%) 21 (50%)
Black/African American 4 (15%) 11 (26%)
Other 5 (19%) 10 (24%)
Age in yrs, median (range) 10 (3-17) 8.5 (2-17)
Measurements on MR
Tonsillar descentin mm, mean+SD  10.4 +3.8 116+29

Syrinx length in mm, mean + SD 133.2+£90.43 134.6 + 86.25
Ratio of syrinx/cord diameter 0.72 0.68

There were no statistically significant differences in any demographic between
the surgical groups.

motor abnormalities (i.e., motor weakness in the upper
and lower limbs, or hyperreflexia/Babinski sign in 11 pa-
tients (16.2%); cerebellar dysfunction (i.e., ataxia, upper-
or lower-extremity coordination problems) in 12 patients
(17.6%); and papilledema in 2 patients (3%). While spe-
cific symptoms and signs showed non—statistically signifi-
cant differences between the two surgical groups (Table
6), 88.3% and 88.4% of patients exhibited improvement
in at least one clinical category in the PFDD and PFDD-T
groups, respectively.

Complications

There were no CSF leaks, pseudomeningoceles, wound
problems, or neurological deficits. No patient underwent
repeat surgery within the 1-year follow-up period.

Protocol Variance

Although all patients gave oral consent prior to surgery,
8 signed their consent in the first postoperative week. This
was a protocol deviation reported to the IRB, which led
to specific corrective measures described below, but the
patients remained in the study.

Discussion
General Conclusions

This prospective multiinstitutional cohort pilot study
demonstrates the feasibility of a multicenter surgical trial
of CM-I associated with syringomyelia, establishes a col-
laborative group, and sets the stage for future large stud-
ies. The study results showed no advantage of tonsillar
reduction at 1 year, with a distribution of presenting symp-
toms and signs consistent with that in the literature.!-1>7
When > 50% improvement in syrinx size was used as a
primary outcome measure, there was no statistically sig-
nificant difference between PFDD and PFDD-T. However,
in this pilot study, our power to show that magnitude of
difference was low. Longer follow-up and/or a larger study
population would address this issue more conclusively.
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TABLE 3. Agreement among evaluators

Interobserver Agreement Weighted Kappa
Evaluator 1 vs evaluator 2 0.8591
Evaluator 1 vs evaluator 3 0.8578
Evaluator 2 vs evaluator 3 0.9513

Weighted kappa analysis showed strong agreements among the blinded
evaluators in their assessments of syrinx improvement. See Radiological As-
sessment section for a description of evaluators.

Study Strengths and Weaknesses

The present study has several strengths as follows: 1)
while it was not powered to detect differences among cen-
ter, surgeon, or geographic location, the methodology min-
imized study bias related to these parameters; and 2) it was
prospective. Study weaknesses included: 1) a small sample
size; 2) a short follow-up period; and 3) a lack of random-
ization. Because randomized surgical trials are costly and
difficult to carry out for ethical/logistic reasons, a large
multicenter prospective study or registry comes closest to
providing sufficiently high-quality data to be clinically
useful.

Powering Future Studies

If symptom improvement is to be considered the most
important and clinically relevant endpoint, a power analy-
sis would depend on the symptom chosen and the acknowl-
edgment that the symptomatic state of this patient popula-
tion is complex and inconsistent, often with symptoms of
varied severity. Accordingly, large registries might be bet-
ter suited than the typically smaller randomized protocols
to study clinical endpoints.

Alternatively, based on our results, powering a study us-
ing the imaging primary endpoint of “any syrinx improve-
ment” would not be feasible. Since PFDD and PFDD-T
were virtually the same (88.3% vs 88.4% exhibiting im-
provement in at least one clinical category [Table 6]), the
sample size would be nearly infinite. A study with the pri-
mary endpoint of > 50% syrinx improvement maybe more
doable. To power a future study with a similar difference
in the proportion of patients to this study (52% vs 64%)
with > 50% improvement, we would need approximately
265 patients per surgical group for an 80% power to detect
a difference. Larger underlying effect sizes (e.g., a 50%
difference in outcome between the two groups) would re-
duce the number of study subjects needed and be more

TABLE 4. Primary endpoint of syrinx improvement

Evaluator ~ Evaluator
Syrinx Improvement (n =58)  Team 1 Team?2  Evaluator 3
Improved 51(88%)  50(86%) 48 (83%)
>50% improvement 34 (59%)  35(60%) 37 (64%)
<50% improvement 17 (30%) 15 (26%) 11 (19%)
No change/worse 7 (12%) 8 (14%) 10 (17%)

Postoperative syrinx improvement was consistently significant (above 82%)
among the 3 evaluators.
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TABLE 5. Primary endpoint: syrinx improvement versus type of
surgery based on evaluator team 1

Surgical Treatment

Syrinx PFDD  PFDD-T Risk Ratio p
Improvement (=25 (n=33) (95% Cl) Value

>50% improvement 13 (52%) 21 (63.7%) 1.22(0.78,1.93)  0.39
Any improvement 22 (88%) 29 (88%) 1.00(0.82,1.21)  0.99

PFDD-T was slightly more likely than PFDD to show syrinx improvement by >
50% at 1 year after surgery, but the difference was not statistically significant.
Syrinx improvement by any amount showed equivalence between the two
surgery types. Note that the risk ratio indicated the probability of improvement.

persuasive in changing clinical practice (Table 7). In other
words, if a larger study proves that tonsillar resection con-
fers a 20% advantage over duraplasty alone, would that
compel a traditional “duraplasty” neurosurgeon to start
reducing tonsils? If not, would a 30% difference do so?
Or a 50% difference? Furthermore, since syrinx improve-
ment or resolution in response to successful PFD may
not be discerned before 1 year postoperatively,'+*%3 this
study does not address the possibility that longer follow-
up might show smaller differences in outcome between
surgery types.

Challenges Encountered in Study Planning and Execution

As a pilot study designed to provide feasibility for fu-
ture large trials, one of our main goals was to identify po-
tential challenges. To that end, we chose to describe the
difficulties encountered in running the study in great detail
and with full transparency. Since these problems affected
small subsets of patients and were not confined to particu-
lar centers or study groups, they did not significantly alter
study results.

Patient Recruitment Problems

Although the stringent inclusion criteria of syrinx size
that we adopted led to a lower accrual of patients than
expected, the most important issue in patient recruitment
was the frequent loss or turnover of coordinators at the
participating sites. Several strategies were adopted to rem-
edy this problem: 1) We decreased the number of centers
by eliminating those with significant challenges; 2) we ini-
tiated almost monthly communications with site coordina-
tors and, when unavailable, contacted the local primary in-
vestigators; and 3) we provided a quarterly newsletter that
reported progress and challenges. An additional option
that might improve recruitment and coordinator depend-
ability in future studies is increasing the reimbursement
rate per patient.

Data Entry Problems

The principal problem with data entry was receipt of
incomplete data sheets from the clinic visits, a problem
that seemed related to the unavailability or poor retention
of local coordinators. These omissions did not affect the
outcome measures, as they rarely included the common
symptoms and signs described in Table 6. Larger studies
would provide more funding to ensure consistent local co-
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TABLE 6. Secondary endpoint: clinical improvement by the 1-year follow-up visit

Number of Patients (%)
PFDD PFDD-T
Presentat Improvement Presentat Improvement Risk Ratio
Symptom Baseline at1yr Baseline at1vyr (95% CI) p Value
Headache 13 10 (76.9%) 23 21 (91.3%) 1.19 (0.86, 1.64) 0.30
Valsalva/neck-related symptoms 7 3 (42.8%) 10 9 (90%) 2.1(0.87,5.06) 0.10
Cranial nerve " 7 (63.63%) 8 8 (100%) 1.57 (—) —
Motor/sensory 7 5 (71.4%) 9 7(77.7%) 1.09 (0.61, 1.95) 0.77
Cerebellar 7 4 (51.14%) 5 5 (100%) 1.75 (—) —
Any symptom/sign 18 16 (88.89%) 26 23(88.46%)  0.99(0.80, 1.23) 0.96

— =not calculated.

This table shows the rates of clinical improvement by the 1-year follow-up visit. Note that individual patients often had multiple symptoms or
signs, which explains the clinical outcome differences between the two surgical groups when based on “any symptom and sign” versus indi-
vidual symptoms and signs. Confidence intervals and p values were not calculated for cross-tables that had 0 observations in a cell.

ordinator availability. No additional issues with data entry
were found.

Protocol Variance

The only protocol variance identified related to the de-
lay in obtaining § patients’ written consent. The IRB was
notified of the deviation and discussions ensued with the
local centers responsible to prevent further occurrences.
In addition, the issue was highlighted in the newsletter to
caution other centers about the problem.

Patient Management Inconsistencies

The study was designed to follow surgeons’ own rou-
tine in the care of CM-I/syringomyelia patients, and man-
agement consistency was optimized by recruiting centers/
surgeons originally with similar pre- and postoperative
routines—i.e., timing of clinic visits and MRI scans (de-
termined with a survey).?! Despite these precautions, in-
consistencies in management did arise, and they were ad-
dressed on a case-by-case basis. Patients with no clinical
follow-up at approximately 1 year were excluded (Fig.
1). Furthermore, patients with incomplete imaging were
excluded from analysis at the primary investigators’ and
study coordinators’ discretion if the problem was thought
to affect the primary endpoint. For example, the absence
of a postoperative brain or cervical spine MRI study, both
of which are essential to determine syrinx size and PFD
adequacy, led to patient exclusion, while the absence of a
postoperative lumbar MRI study did not.

Pros and Cons of Tonsillar Reduction

Advocates of tonsillar reduction consider it a safe pro-
cedure that ensures optimal expansion of the foramen
magnum and patency of the CSF pathways with a low
complication rate.>+!2!182331 [n fact, some surgeons favor
tonsillar resection with minimal bony decompression.>!8
It is presumed that because chronic compression renders
the tonsils atrophic and gliotic,'*? removing them adds no
neurological injury. Notably, a histological study by Pu-
eyrredon et al. showed that, of 43 patients who had under-
gone cerebellar tonsillectomy for CM-I decompression, 38

had evidence of microscopic tonsillar abnormalities, while
only 5 had normal tonsils.?

Conversely, proponents of duraplasty without tonsil-
lar reduction contend that once the foramen magnum is
expanded by the dural opening, the additional benefit of
further expansion by reducing brain tissue mass would be
negligible.">?® In their institutional review of 500 Chiari
malformation decompressions, Tubbs et al. relegated ton-
sillar resection to the most severe cases, which comprised
< 10% of their cohort, with excellent results overall.?” Im-
portantly, intradural dissection and tonsillar coagulation
may cause long-term arachnoidal adhesions and resultant
foramen magnum obstructions.'>® For example, Kle-
kamp showed that 31 of 61 patients with recurrent symp-
toms after Chiari malformation decompression suffered
from arachnoidal adhesions, the majority of whom were
patients who had undergone tonsillar resection.'”

Although cerebellar tonsillar reduction is not associ-
ated with discernible neurological deficits, it is likely that
all brain regions exhibit distinct neurological functions.
The cerebellum contains nearly 80% of all intracranial
neurons,”® which implies that it is likely to play a vital
functional role, possibly as a coordinating center. Future
advances in diagnostic technology may allow subtle neu-
rological sequelae of tonsillar injury to be detected. Still,
in the absence of longitudinal studies with large samples
that show the procedures’ comparative effectiveness, con-
troversies remain.

TABLE 7. Sample size for future studies

Percentage Improvement
Control Group Treatment Group Risk Ratio No. Needed per Group

52% 64% 1.23 265
52% 68% 1.31 146
52% 78% 1.50 52

This table displays the sample size needed to show relative risk given a 52%
risk in a control group for 80% power and o = 0.05.
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Other Surgical Techniques

The present study was predicated on the assumption
that duraplasty is necessary for optimal surgical outcome
and, accordingly, did not address the technique of bone-
only decompression, which has become more popular in
the past several years. Ongoing research that compares
bone-only PFD and PFDD duraplasty will be an impor-
tant adjunct to this. It also might be sensible to assume
that specific surgical techniques may be more suitable for
patients with specific clinical or imaging characteristics,
in which case, large patient registries that include all 3 ap-
proaches along with technical variations (e.g., PFDD with
or without arachnoid opening and fourth ventricular ex-
ploration) would be necessary to categorize surgical indi-
cations based on these criteria.

Conclusions

This pilot study identified no discernible impact on im-
aging or clinical 1-year outcomes when cerebellar tonsillar
reduction was added to bony decompression and duraplas-
ty in the treatment of CM-I with syringomyelia. Addition-
ally, this study sets the stage for future large, prospective
studies and registries that compare surgical treatments for
CM-I with associated syringomyelia, and it provides data
to power a study that can conclusively establish the role, if
any, of tonsillar reduction in achieving significant syrinx
improvement after CM-I decompression.
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