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ABSTRACT

Background: We studied patient-reported outcome among patients who underwent posterior fossa
decompression (PED) for Chiari malformation type I (CM-I).

Methods: We interviewed patients who underwent PFD for CM-I from 1995 to 2016.

Results: A total of 79 patients were interviewed. The median age at surgery was 30 years (range 5-72 years)
with 27 pediatric patients. Forty-six patients had syringomyelia (36 adults and 10 pediatric patients). Fifty-four
patients (68%) reported at least some improvement, 46 (58%) important improvement, 13 (16%) worsening,
and 12 stabilization (15%). Any improvement as well as important improvement were significantly more often
reported in the nonsyringomyelia group (85% vs. 57%, P = 0.01 and 76% vs. 46%, P = 0.01, respectively). Of the
47 patients reporting preoperative neck pain, 31 (66%) reported at least some improvement after surgery and
9 (19%) worsening after surgery. Of the 59 patients experiencing headaches before surgery, 45 (76%) reported
at least some improvement after surgery and 4 (7%) worsening. Quality of life was mostly affected by pain and
discomfort in all groups. Sixty-two patients (78%) were satisfied or very satisfied with the results of surgery and
8 (11%) were unsatisfied or very unsatisfied. Up to 71 patients (90%) would consent to surgery again.

Conclusion: In CM-I patients, PFD offers symptom improvement in about two-thirds of patients with high
patient satisfaction. Symptom improvement is significantly higher in patients without associated syringomyelia,
but patient satisfaction is similar. Symptom worsening is more frequent in the adult than in the pediatric
population, with similar rates of postoperative improvement and patient satisfaction.

Keywords: Chiari malformation type I, Outcome, Patient-reported outcome, Patient satisfaction

INTRODUCTION

Symptomatic Chiari malformation type I (CM-I) is a relatively rare disorder characterized by a
hindbrain malformation resulting in tonsillar invagination in the spinal canal and crowding of the
neural structures at the level of the foramen magnum. Local compression can induce cerebellar,
spinal, or brainstem symptoms. Cerebrospinal fluid obstruction can cause hydrocephalus and
craniospinal pressure dissociation, inducing Valsalva-induced headaches and/or syringomyelia.
Posterior fossa decompression (PFD) for symptomatic CM-I with and without syringomyelia is
a well-established treatment to restore cerebrospinal fluid flow across the foramen magnum (!
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and represents the treatment for this condition in up to 99%
of literature.™

Patient-reported outcome measures (PROMs) can be
evaluated in different ways. In a symptom-specific outcome
evaluation, the evolution of the presenting symptoms is
measured. In an overall symptom outcome assessment,
patients are asked to describe an overall impression of
change. In a quality-of-life assessment, patients are asked to
report on several aspects of daily life and the extent in which
the studied condition limits them in those aspects.

PROMs can be generic, which means applicable to multiple
different conditions, or disease-specific, meaning that they
are developed for specific diseases or conditions. For CM-I,
there is only one disease-specific PROM, the Chicago Chiari
Outcome Scale, which is a retrospective physician-reported
outcome scale. Validated PROMs for CM-I are the Neck
Disability Index, Euro-Qol-5d, Zung Self-rating Depression
Scale, and the short form-12,1'"? but these should ideally be
obtained prospectively.

Surgery for CM-I is aimed at reducing syrinx size
and/or alleviating symptoms attributed to the craniocervical
crowding of neural tissue. Given the often subjective
symptoms in Chiari I, interventions aimed at treating
this condition are particularly interesting to evaluate with
PROMs. Ideally, these would consider multiple facets of
patients’ well-being and would be evaluated over a long
period of time because the symptoms are often related to
discomfort and pain, and the condition is often diagnosed in
the pediatric population or in the fifth decade so patients
live with the postoperative symptoms for a long time.

The same meta-analysis demonstrated that in almost all
studies, neurological outcome is reported by the authors.” To
the best of our knowledge, six articles have addressed patient-
reported outcome after therapeutic intervention for CM-I
[Table 1]. The studies that have addressed multidimensional

outcomes for CM-I prospectively only did so over a period
of 1 year or less.>®® Studies looking at the outcome
over a longer period of time have only addressed visual
analog scores for pain"! or overall symptom improvement
and patient satisfaction.” A relatively small retrospective
study of 24 patients addressed multidimensional and long-
term patient outcome in patients undergoing PFD for
CM-1.0 Patient reporting scores have also been used in the
construction of the Chiari Health Index, a CM-I severity
scale for the pediatric population, but in this study, there was
no therapeutic intervention.”

Although prospective, multidimensional, and long-term
patient reporting would be ideal to evaluate any treatment
for CM-I, we did not find any such studies. We suspect that
such a study would probably face a fairly high number of
patients being lost to follow-up. The aim of our study was to
obtain multidimensional PROMs in patients who underwent
PED for symptomatic CM-I and to identify predictors of
favorable outcome, as reported by patients. The ultimate goal
is better preoperative counseling for patients suffering from
symptomatic CM-I in whom this treatment is considered.

METHODS

We retrospectively studied all PFD surgeries for CM-I, with
and without syringomyelia, performed at our center from
January 1995 to December 2016 to investigate the safety
of this procedure. We searched the University Hospital of
Leuven’s database for “PFD,” “Chiari,” and “Syringomyelia.”
Patients who underwent a first-ever PFD for CM-I were
selected for further evaluation. The main author (JDV)
reviewed the files for patient gender, age at operation, the
duration of symptoms before surgery, the time interval
between operation and questionnaire, presence or absence
of syringomyelia, any subsequent surgeries for CM-I-
related complications or syrinx progression, and extent
of decompression and syrinx evolution on postoperative

Table 1: Papers using patient-reported outcome measures after therapeutic intervention for CM-L

Paper
Tisell et al., 2009

Study design

Alfieri and Pinna, 2012 Retrospective (41 patients) and

prospective (68 patients) arm, median FU 12.7 years

Godil et al., 2013 Prospective, 50 patients, FU 1 year
Williams et al., 2013
Lam et al., 2013
Greenberg et al., 2015

Prospective, 34 patients, FU 3 months
Retrospective, FU 1 year

Retrospective, 24 patients, median FU 3.2 years

Retrospective, median FU 4.8 years, 164 patients

Patient-reported measurement

Symptom improvement, VAS for impact on work/
studies, family life, and leisure activities
VAS for pain (headache and extremity pain)

VAS for head-and-neck pain, NDI+HDI, SF12-PCS,
SF12-MCS, Zung, mJOA, EQ-5D

SE-36, VAS for overall health

Symptom specific

Overall symptom improvement and satisfaction on a
5-point scale

FU: Follow-up, VAS: Visual analog scale, NDI: Neck disability index, HDI: Headache disability index, SF12-PCS: Short-form 12 questionnaire physical
component scale, SF12-MCS: Short-form 12 questionnaire mental component scale, Zung: Zung Self-rated Depression Scale, mJOA: Modified Japanese
Orthopedic Association Score, EQ-5D: EuroQol assessment with 5 dimensions, SF-36: Short-form 36 questionnaire
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magnetic resonance imaging. Adults were defined as patients
older than 18 years at the time of surgery.

We construed a list with generic PROMs. This questionnaire
included the Patient Global Impression of Change (PGIC)"!
and the Odom’s criterial™® to measure the subjective overall
outcome of surgery. For the PGIC scoring system, we
added a score of 0 to differentiate between worse and stable
symptoms. The EQ-5D-5L scoring system was used to
measure the postoperative quality of lifel® and is a validated
PROM tool for CM-L'" To assess the evolution of neck-
and-head pain, we constructed a questionnaire inquiring
the evolution of neck pain and headache after surgery
[Figure 1]. To evaluate patient satisfaction rate with surgery,
we subsequently asked the interviewee to score how satisfied
they were with surgery on a scale from 1 to 5. This scoring
system is based on the Likert scoring system.!'” To conclude,
we asked them whether they would consent to this procedure
again, which we refer to as retrospective consent.

All interviews were performed through telephone by the
main author (JDV). Before starting the telephone interview,
patients were asked whether they felt that they could still
reliably remember their symptoms and the subsequent
evolution after surgery and if not, they were excluded from
the study. Questionnaires were answered by the patient, also

in the pediatric population. The protocol was approved by the
ethical board of our hospital (protocol reference mp18865).
For statistical analysis, we used the Mann-Whitney U-test for
continuous variables and the Fisher’s exact test for nominal
variables (GraphPad Prism 8®).

RESULTS

We retrieved 104 patients who were eligible for a telephone
interview [Figure 2]. Six patients refused an interview
and three had passed away since surgery. Despite multiple
attempts on the landline, cell phone number or through their
general practitioner, we were not able to contact 16 patients.

The remaining 79 patients were between 5 and 72 years old
with a median age of 30 years, of whom 46 had associated
syringomyelia and 52 were adults. Patient characteristics are
listed in Table 2. The results of the patient-reported outcome
questionnaire are listed in Table 3.

Subjective overall outcome of surgery (PGIC score and
Odom’s criteria scores)

Fifty-four patients (68%) reported at least a small
improvement of their symptoms defined as PGIC >2 and

Did you have neck pain before the surgery?
No.

Do you have neck pain now?

Yes.
Is this pain worse than before surgery?

Did you have headaches before surgery?
No.

Do you have headaches now?

Yes.
Is this pain worse than before surgery?

No.
Some neck pain, occasional.

Yes, disablingneck pain.

A lot less severe.
Less severe.
Stable.

Worse.

A lot worse.

No.
Some headache, occasional.
Yes, disablingheadaches.

A lot less severe.
Less severe.
Stable.

Worse.

A lot worse.

Figure 1: The questionnaire to evaluate postoperative evolution of neck-and-head pain.

Surgical Neurology International « 2019 « 10(242) | 3



De Vlieger, et al.: Patient reported outcomes in Chiari malformation type I

Patients eligible for telephone interview: n=104

—— Deceased patients: n=3

v

Patients who were actually interviewed: n=79

Patients excluded for telephone interview: n=25

Death due to terminal cancer disease: n=2

Death due to cardiovascular disease: n=1

—— Patients who we were not able to contact: n=16

— Patients who refused an interview: n=6

Figure 2: Flowchart for patients included in the interview study.

Table 2: Patient characteristics.

All patients, n
Female patients, n (%)
Adult patients, #n (%)
Age at operation, median (IQR) in years
Time interval between questionnaire and surgery, median (SD) in years
Syringomyelia patients, n (%)
Extent of tonsillar herniation, average (SD) in mm
Previous surgeries ()
Syringo-subarachnoid shunt
Ventriculoperitoneal shunt
Clinical symptoms, 1 (%)
Headache
Shoulder/girdle pain
Cerebellar symptoms
Bulbar symptoms
Spinal cord symptoms
Scoliosis
Drop attacks
Scotomas
Involuntary movements
Hearing loss
Widespread pain
Further surgeries after initial PFD, n
Wound revision for CSF leak
Ventriculoperitoneal shunt
Delayed revision for delayed worsening, arachnoid scarring

Syringo-subarachnoid shunt and multiple revisions for increasing syrinx despite adequate craniocervical decompression

79
55 (70)
52 (66)
30 (26.5)
6(5.8)
46 (58)
13.2 (6.7)

51 (65)
11 (14)
19 (24)
16 (20)
41 (52)
4(5)
4(5)
1(1)
1(1)
1(1)
1(1)

— NN

IQR: Interquartile range, SD: Standard deviation, CSF: Cerebrospinal fluid, PFD: Posterior fossa decompression

Surgical Neurology International » 2019 « 10(242) | 4
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Table 3: Results of telephone interview.

All Syringomyelia No syringomyelia Pediatric =~ Adult
patients (n=79) (n=46) (n=33) (n=27) (n=52)
1. Patient Global Impression of Change
0. Worse 13 11 2 1 12
1. No change 12 9 3 5 7
2. Almost the same, hardly any 2 1 1 0 2
change at all
3. A little better, but no 0 0 0 0 0
noticeable change
4. Somewhat better, but the 1 0 1 0 1
change has not made any real
difference
5. Moderately better, and a slight 5 4 1 2 3
but noticeable change
6. Better and a definite 23 12 11 9 14
improvement that has made a
real difference
7. A great deal better and a 23 9 14 10 13
considerate improvement that
has made all the difference
2. Odom’s criteria
How would you describe your
current state?
Excellent 15 5 10 7 8
Good 22 12 10 10 12
Fair 20 10 10 6 14
Poor 22 19 3 4 18
3. Did you have neck pain before the surgery?
No 32 18 14 12 20
Do you have neck pain now? No 18 11 7 9 9
Some neck 9 6 3 2 7
pain, occasional
Yes, disabling 5 1 4 1 4
neck pain
Yes 47 28 19 15 32
Is this pain worse than before Alot less severe 17 6 11 7 10
surgery?
Less severe 14 10 4 3 11
Stable 7 5 2 2 5
Worse 5 4 1 2 3
A lot worse 4 3 1 1 3
4. Did you have headaches before surgery?
No 20 17 3 6 14
Do you have headaches now? No 13 11 2 4 9
Some headache, 5 5 0 1 4
occasional
Yes, disabling 2 1 1 1 1
headaches
Yes 59 29 30 21 38
Is this pain worse than before A lot less severe 31 12 20 12 20
surgery?
Less severe 14 8 6 7 7
Stable 9 5 4 2 7
(Contd.
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Table 3: (Continued)

All Syringomyelia No syringomyelia Pediatric =~ Adult
patients (n=79) (n=46) (n=33) (n=27) (n=52)
Worse 1 1 0 0 1
A lot worse 3 3 0 0 3
5. EQ-5D-5L
Mobility
No problems 50 28 22 20 30
Slight problems 6 2 4 2 4
Moderate 17 12 5 4 13
problem
Severe 5 3 2 1 4
problems
Extreme 1 1 0 0 1
problems
Self-care
No problems 64 36 28 24 40
Slight problems 4 3 1 0 4
Moderate 6 4 2 2 4
problem
Severe 3 1 2 1 2
problems
Extreme 2 2 0 0 2
problems
Usual activities
No problems 47 25 22 19 28
Slight problems 9 5 4 2 7
Moderate 11 8 3 4 7
problem
Severe 7 4 3 1 6
problems
Extreme 5 4 1 1 4
problems
Pain/discomfort
No problems 25 11 14 12 13
Slight problems 9 6 3 1 8
Moderate 32 22 10 11 21
problem
Severe 5 2 3 0 5
problems
Extreme 8 5 3 3 5
problems
Anxiety/depression
No problems 45 26 19 20 25
Slight problems 13 5 8 4 9
Moderate 16 13 3 2 14
problem
Severe 4 1 3 1 3
problems
Extreme 1 1 0 0 1
problems
How would you value on a scale of 71 70 73 76 69
100 your health today?
(Contd....)
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Table 3: (Continued)
All

6. How satisfied were you with the procedure?

5. Very satisfied 43
4. Satisfied 19
3. No opinion 9
2. Dissatisfied 5
1. Very dissatisfied 3

7.1 would consent to this
procedure again? (retrospective
consent) (%)

71 (90)

patients (n=79)

Syringomyelia No syringomyelia Pediatric =~ Adult
(n=46) (n=33) (n=27) (n=52)

24 19 14 29

12 7 6 13

4 5 5 4

3 2 2 3

3 0 0 3
40 (87) 31 (94) 24(89) 47 (90)

EQ-5D: EuroQol assessment with 5 dimensions

46 (58%) reported an important improvement defined
as PGIC 26. Worsening of symptoms was reported by
13 patients (16%) and stabilization by 12 patients (15%).

Postoperative worsening of symptoms was significantly
more reported in the adult population than in the pediatric
population (23% vs. 4%, P = 0.03) but was not significantly
different when comparing the syringomyelia and
nonsyringomyelia groups (24% vs. 6%, P = 0.06). The rate
of postoperative improvement (any improvement [PGIC
>2] as well as important improvement [PGIC >6]) was not
significantly different between the pediatric and adult groups
but was significantly different between the syringomyelia and
nonsyringomyelia groups (57% vs. 85%, P = 0.01 and 46% vs.
76%, P = 0.01, respectively).

Figure 3 shows the preoperative and postoperative
radiological results for two patients of this cohort. Of the
11 syringomyelia patients reporting worsening of overall
symptoms after surgery, postoperative imaging demonstrated
a stable syrinx and satisfying radiological craniocervical
decompression for two patients, a decrease in syrinx
size for seven, and an initial decrease of the syrinx with
subsequent syrinx increase, both in the 2" postoperative
year, for two patients. In one of these latter patients, a
syringosubarachnoid shunt was inserted; in the other, a
revision of the craniocervical decompression demonstrated
extensive arachnoid scarring. In the nine syringomyelia
patients who reported stable symptoms, postoperative
imaging demonstrated syrinx decrease in eight patients and
stabilization in one patient.

Of the two nonsyringomyelia patients who reported
worsening of the symptoms after surgery, both had a
satisfying radiological decompression of the craniocervical
junction. One of these patients had an occipitocervical fusion
during the PFD procedure due to craniocervical instability.
Of the three nonsyringomyelia patients who reported
stable postoperative symptoms, all had a good radiological
decompression on postoperative imaging. For one of these

patients, a revision was performed which demonstrated
extensive arachnoid scarring at the surgery site.

Upon comparison of the groups who underwent surgery
less (n = 14) or more than 2 years ago (n = 65), we found
no significant difference regarding reported important
improvement (PGIC >6; 86% vs. 77% respectively, P = 0.72).
The same held true for the groups operated upon less or more
than 5 years ago (n = 42 and n = 37 respectively, 79% and
78% respectively, P = 1.00).

Head-and-neck pain after surgery

Forty-seven patients stated having had neck pain before
surgery. Thirty-one of these (66%) reported at least
some postoperative improvement and 9 (19%) described
worsening. Syringomyelia and age were not significant
for postoperative improvement of neck pain (P = 0.21 and
P =1.00).

Of the 32 patients with no preoperative neck pain, 5 (16%)
experienced disabling neck pain after surgery with no
significant differences for the presence of syringomyelia or
for pediatric patients (P = 0.14 and P = 0.63).

Of the 59 patients with preoperative headaches, 45 (76%)
experienced at least some improvement after surgery.
Syringomyelia and age group were not significantly predictive
for postoperative improvement of headache (P = 0.13 and
P = 0.11). In 4 patients (7%), headaches got worse after
surgery.

Of the 20 patients who did not have a headache before
surgery, 2 (10%) developed disabling headache after surgery,
1 in the adult, and 1 in the pediatric group.

Quality-of-life assessment, EQ-5D-5L

Table 3 demonstrates that the quality of life in patients having
had PFD for CM-1 is relatively good. Pain and discomfort are
the aspect of life where this patient cohort reported problems

Surgical Neurology International « 2019 « 10(242) | 7
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Figure 3: (a-d) Preoperative and postoperative magnetic resonance imaging (MRI) for male patient who was operated, 16 years before
the telephone interview, at the age of 20 due to suspended thermoanalgesia for 1 month due to Chiari malformation type I (CM-I) and a
syrinx from C1 to T10. He underwent a posterior fossa decompression (PFD) with C1 laminectomy and duraplasty. During the telephone
interview, he stated a clear improvement in symptoms (Patient Global Impression of Change 6) and told us he was very satisfied with the
surgery and would consent to surgery again. (a) Preoperative MRI demonstrates crowding at the foramen magnum. (b) Postoperative
spinal MRI shows initial decrease of the syrinx. (c) Delayed postoperative MRI due to the recurrence of symptoms demonstrates an
increase in syrinx size despite adequate decompression. A revision surgery performed 32 months after the first surgery demonstrates
extensive adhesions; adhesiolysis and redo duraplasty were performed. (d) Postoperative MRI 10 years after the second surgery shows
adequate decompression and a decreased syrinx. (e and f) Preoperative and postoperative MRI for female patient who was operated,
7 years before the telephone interview, at the age of 17 years due to girdle pain for 6 months due to CM-I with a syrinx from C1 to L1.
She underwent a PFD with C1 laminectomy and duraplasty. During the telephone interview, she reported stable symptoms since surgery,
but no improvement whatsoever. She told us she was satisfied with the surgery and would consent to surgery again. (e) Preoperative MRI
demonstrating crowding at the foramen magnum and syrinx in the cervical spinal cord. (f) Postoperative MRI, performed 23 months
after surgery, demonstrating adequate decompression and near obliteration of the syrinx. An MRI performed 2 months after surgery had
shown similar results.

most frequently. When considering scores of moderate to
extreme problems, there were no significant differences for
the presence of syringomyelia in the various aspects of quality
of life. When comparing the pediatric with the adult group,
there was a significant difference in reporting moderate to
extreme anxiety/depression (13% vs. 53%, P = 0.03). For
severe to extreme anxiety and/or depression, there were no
significant differences for the presence of syringomyelia or
between age groups.

Patient satisfaction

Patient satisfaction was high, with 62 patients (78%) being
satisfied or very satisfied with surgery. Only 8 patients (11%)
were unsatisfied or very unsatisfied. Up to 71 patients (90%)
would consent to surgery again. There was no significant
difference with regards to the age group or presence

Surgical Neurology International « 2019 « 10(242) | 8

of syringomyelia for high patient satisfaction, overall
patient satisfaction, high patient dissatisfaction, overall
dissatisfaction, or retrospective consent.

Of the five patients who did not have neck pain before
surgery but had disabling neck pain after surgery, three were
satisfied with surgery and two had no specific opinion on
satisfaction with surgery. Of the nine patients who had neck
pain before surgery, five reported worse neck pain (of whom
two were very satisfied, two had no specific opinion on
satisfaction, and one was very unsatisfied with the surgery)
and four reported neck pain that was a lot worse (with two
unsatisfied patients, one very unsatisfied patient, and one
having no specific opinion).

Both patients who did not have headaches before surgery but
had disabling headache after surgery were satisfied with the
surgery.
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Of the four patients whose headache got worse or a lot worse
after surgery, two were satisfied, one was dissatisfied, and one
was very dissatisfied with the surgery.

DISCUSSION

We present retrospective, multidimensional, and patient-
reported outcomes for PFD in a series of 79 patients suffering
from CM-I, of whom 42 had associated syringomyelia. The
main focus was overall impression of improvement, evolution
of neck-and-head pain after surgery, postoperative quality
of life, and patient satisfaction. This is to our knowledge the
largest series so far on this subject.

This study demonstrates that in a carefully selected patient
population PFD is an effective treatment for symptomatic
CM-I patients with the majority of patients reporting at least
some improvement (68%) or important improvement (58%).
Our results are comparable to the 75% improvement, 16.6%
stabilization, and 8.5% worsening rate reported in a recent
meta-analysis for the treatment for CM-I, which was mainly
based on physician-reported outcome studies.”” In our series,
worsening was significantly more reported in the adult group,
which interestingly was also noted in the meta-analysis
by Arnautovic et al.”! Postoperative improvement was not
significantly higher in the pediatric group in our cohort,
which has been the case in some physician-reported outcome
studies.”!" The syringomyelia group reported significantly
less overall symptom improvement, although the majority
of these patients had satisfying surgical outcomes with a
decrease of the syrinx size (64%) or a stable syrinx (18%).
Patient satisfaction, however, was similar when comparing
the syringomyelia and the nonsyringomyelia group. We
suspect that symptom improvement is less likely in patients
with syringomyelia given the inherent structural spinal cord
changes and that stabilization in this group can be sufficient
for patients to be satisfied with the effects of surgery.

In our cohort, rates of subjective important improvement
were similar in groups operated longer or less than both
2 years and 5 years ago. This could imply that PFD offers long-
term symptom improvement, although a prospective study
would obviously be better suited to support this hypothesis.

Surprisingly, patients who did not suffer from neck or head
pain before surgery but had disabling neck of head pain
after surgery were often satisfied with the overall outcome
of the surgery. Patients who experienced worsening of
preexisting neck or head pain were often not satisfied. Our
hypothesis is that in the first group, the neck-and-head pain
is probably reported as bearable in case of improvement of
the preoperative symptoms, whereas in the second group,
the preexisting pain was probably at least one of the reasons
to consider surgery and worsening was considered by the
patients to be unsatisfactory.

The quality of life in patients who underwent PFD for CM-I
measured by EQ-5D-5L was relatively good. It was mostly
affected by pain and discomfort. Adult patients reported
significantly more problems with moderate to extreme
anxiety and depression as compared to the pediatric patients.
We hypothesize that this reflects a general tendency in the
population and is not specific to the CM-I population.

An overwhelming majority of patients who have undergone
PFD for CM-I would consent to surgery again. This is
somewhat remarkable since only two-thirds remarked a clear
improvement of symptoms. This might be due to the often
progressive nature of CM-I and stabilization of symptoms could
possibly be regarded as a good result by the patient, although
this is not reflected as such in PGIC or Odom’s criteria scores.

There are some evident limitations to this study. First of all,
patient-reported measures are ideally collected prospectively.
This would give a clear preoperative patient evaluation of
complaints and allow evaluating any evolution in patient-
reported outcomes overtime. However, such a study
performed over a longer time period would likely be affected
by a high dropout rate. For CM-1, a long-term follow-up is
important because, in general, patients have to live with the
remaining symptoms for decades. The second limitation is
the long study interval with a median operation interview
interval of 6.3 years. This has possibly induced a recollection
bias for patients having undergone surgery a long time ago.
Before starting the telephone interview, patients were asked
whether they felt that they could still reliably remember their
symptoms and the subsequent evolution after surgery and
if not, they were excluded from the study. This was the case
for only one patient. Furthermore, PROMs are inherently
subjective and the goal of this study is to evaluate how the
patients feel about the sustained postoperative effects. From
this point of view, the sometimes long time interval between
surgery and questionnaire is not necessarily a limitation.
Last but not least, there is an inevitable inclusion bias in a
retrospective study. We only present data from patients
we operated on. For instance, a patient suffering from a
specific headaches or girdle pain with only a mild Chiari
malformation, especially if there is no crowding of the neural
structures at the level of the foramen magnum, is not selected
for surgery. Good patient-reported outcome scores as in this
study may thus also reflect careful patient selection. If the
extent of tonsillar herniation through the foramen magnum
is the only criteria for surgery, disregarding the symptoms,
and/or extent of crowding of the neural structures at the
foramen magnum, the patient-reported outcome will most
likely not be as good.

CONCLUSION

We present a retrospective PROM in 79 CM-I patients,
evaluating overall subjective improvement, evolution of
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postoperative neck pain and headache, quality of life, and
overall patient satisfaction after PFD surgery. In a carefully
selected patient population, PFD offers important symptom
improvement in about two-thirds of patients with high
patient satisfaction rates and a good postoperative quality of
life. Symptom improvement is significantly less reported by
patients suffering from preexisting syringomyelia, but overall
patient satisfaction is similar. We believe that this study can
contribute to better preoperative patient counseling.
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