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Association of increased body mass index with Chiari
malformation Type I and syrinx formation in adults

Clinical article

KENAN 1. ArRNAUTOVIC, M.D., PH.D.,"> DARIO MUZEVIC, M.D.,3
Bruno SpLAvski, M.D., Pu.D.,* AND FREDERICK A. Boor, M.D.!?

ISemmes-Murphey Clinic; *Department of Neurosurgery, University of Tennessee Health Science Center,
Memphis, Tennessee; and *Department of Neurosurgery, Osijek University School of Medicine, Clinical

Hospital Center, Osijek, Croatia

Object. In this paper the authors describe an association between increased body mass index (BMI) and Chiari
malformation Type I (CM-I) in adults, as well as its relationship to the development of syringomyelia.
Methods. In the period between January 2004 and December 2011, the senior author reviewed the data for all

CM-I patients with or without syringomyelia and neurological deficit. Analyzed factors included clinical status (head-
aches and neurological signs), radiological characteristics of syringomyelia (diameter and vertical extent of syrinx),
BMI, and relationship of age to BMI, syrinx diameter, and vertical extent of syrinx.

Results. Sixty consecutive adults had CM-I, 26 of whom also had syringomyelia. The mean BMI among all pa-
tients was 30.35 = 7.65, which is Class I obesity (WHO), and was similar among patients with or without syringomy-
elia. Extension of the vertical syrinx was greater in overweight patients (p = 0.027) than in those with a normal body
weight. Evidence of de novo syrinx formation was found in 2 patients who gained an average BMI of 10.8 points.
After repeated decompression and no change in holocord syrinx width or vertical extent, a reduction in the syrinx was
seen after BMI decreased 11.7 points in one individual. No correlation was found between patient age and BMI, age
and vertical extension of the syrinx, and age and diameter of the syrinx.

Conclusions. An association between increased BMI and CM-I in adults was recognized. Gaining weight may
influence the de novo creation of a syrinx in adults who previously had minimally symptomatic or asymptomatic
CM-I, and reducing weight can improve a syrinx after unsuccessful surgical decompression. Therefore, a reduction
in body weight should be recommended for all overweight and obese patients with CM-I.

(http://thejns.org/doilabs/10.3171/2013 4. JNS122011)

Key Worps  »
increased body mass index °

was first described by an Austrian pathologist,

Hans Chiari, in 1891.474 It is mainly characterized
by a peg-like deformity and elongation of the cerebellar
tonsils and their descent of more than 5 mm below the fo-
ramen magnum into the spinal canal. This malformation
occurs in both pediatric and adult patients. One of the es-
sential elements in the pathophysiology of clinical symp-
toms in patients with CM-I is an altered flow of CSF at
the level of the foramen magnum and its frequent associa-
tion with the subsequent development of syringomyelia.

C HIARI malformation Type I as a hindbrain disorder

Abbreviations used in this paper: BMI = body mass index; CM-I
= Chiari malformation Type I; COPD = chronic obstructive pulmo-
nary disease; IQR = interquartile range; KPS = Karnofsky Perfor-
mance Status; VAS = visual analog scale.
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Decompression of the foramen magnum, reestablishment
of CSF flow across the craniocervical junction, and reso-
lution of the syrinx are well-recognized goals of opera-
tive treatment in symptomatic patients with CM-I. This
treatment usually resolves or at least stabilizes symptoms
in the majority of patients.

To the best of our knowledge, there has been no pre-
vious study of the association between increased BMI
and CM-I or the influence of an increasing BMI on the de
novo formation of a spinal cord syrinx in adults. We have
recognized, investigated, and analyzed this phenomenon
in a series of adults with CM-I over the past 8 years. The
goal of this paper was to bring to light this interesting
and underrecognized association that may contribute to a
better understanding of the pathogenesis and treatment of
CM-I in adults.
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Increased body mass index in CM-I and syringomyelia

Methods

This study was approved by the appropriate hospital
institutional review board. Inclusion criteria for this ret-
rospective analysis were as follows: adult CM-I patients
with or without syringomyelia and neurological deficit
whose data were reviewed by the senior author (K.I.A.)
in the period between January 2004 and December 2011.

Patients were divided into 2 subgroups according to
the presence or absence of syringomyelia. For the pur-
poses of this paper, the subgroup of patients having syrin-
gomyelia was additionally analyzed. Neuroradiological
diagnostics consisted of MRI of the brain, craniocervical
junction, and cervical spine. For patients with syringo-
myelia, the vertical extension and width (horizontal di-
ameter) of the syrinx were measured by an independent
neuroradiologist. Measurement of the vertical extension
included the starting and ending vertebral level and the
total number of vertebral levels involved. The width of
the syrinx was measured relative to the percentage of the
largest anteroposterior spinal cord diameter affected by
the syrinx, as previously reported in the literature.>-2429-30.76
The diameter of the syrinx was graded according to the
assigned percent value in our newly designed system:
Grade 1 (0%-25%), Grade II (26%-50%), Grade III
(519%—75%), and Grade 1V (76%—-100%).

Severity of neurological deficit was determined based
on each patient’s KPS score.’® Those with a KPS score of
85-100 were considered to have a mild neurological defi-
cit, those with a score of 65—-84 had a moderate deficit, and
those with a score < 65 had a severe neurological deficit.

Data concerning a patient’s body weight and BMI were
analyzed. The BMI, which represents the ratio between
the body weight calculated in kilograms and the square
of the body height calculated in centimeters squared, was
used as an indicator of obesity. Using the WHO criteria,?!
we divided all patients into categories based on their BMI
values: underweight (BMI < 18.5), normal body weight
(BMI 18.5-24.9), overweight (BMI 25-29.9), Class I obe-
sity (BMI 30-34.9), Class II obesity (BMI 35-39.9), and
Class III obesity (BMI > 40).

In the subgroup of patients with cervical syringo-
myelia, we investigated the possible correlations between
vertical extension of the spinal cord syrinx and BMI, as
well as between the syrinx-to-cord ratio and BMI. Fur-
thermore, we recorded data concerning patients’ clinical
status, including the presence and intensity of headaches
(VAS), as well as the presence and magnitude of neuro-
logical deficits (KPS score).

Additionally, all patients were evaluated for the pres-
ence of diabetes mellitus, which may influence neurologi-
cal findings. Patients were also evaluated for the existence
of papilledema to rule out associated pseudotumor cere-
bri. The possible influence of smoking and COPD on syr-
inx formation was also studied. Finally, any correlation
between the age of patients and BMI or syringomyelia was
also tested.

The frequency in differences of variables between
groups was obtained using the chi-square test or Fisher
exact test for normal distribution. To analyze differenc-
es between 2 independent groups, the Student t-test was
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used. To investigate differences between 2 dependent
samples, the Wilcoxon test was used for nonparametric
analysis. Results were then correlated with the Spearman
coefficient of correlation (p). A 2-sided p value < 0.05 was
considered statistically significant. The Statistica for Win-
dows 2005 program package, Version 7.1 (StatSoft, Inc.),
was used for statistical analysis.

Results
Demographic Information

Sixty adults with CM-I included 8 men (13.3%) and
52 women (86.7%), with a mean age of 37.5 = 11.3 years
(range 18—63 years). There was no difference between the
mean ages of men and women (p = 0.887, t-test).

Syringomyelia was diagnosed in 26 patients (43.3%),
whose mean age was 38.8 = 13.2 years (Table 1). There
was no age difference between the 2 sexes (p = 0.440,
t-test) or between those with and those without syringo-
myelia (p = 0.427, t-test).

In the subgroup with syringomyelia, a female pre-
dominance was noted (18 [69.2%)] of 26; p < 0.001, Fisher
exact test; Table 2).

Headache Data

The intensity of headaches was evaluated using the
VAS. Among the 60 patients, 7 (11.7%) did not have head-
aches on presentation. The remaining 53 patients (88.3%)
filled out a VAS headache questionnaire, 33 (62.3%) with-
out and 20 (37.7%) with syringomyelia. The mean VAS
score was 9.8 = 0.81. In patients without syringomyelia
the VAS score was 9.7 + 0.88, and in patients with syrin-
gomyelia it was 9.85 = 0.67. The relationship between the
2 groups was not established (p = 0.099, Spearman cor-
relation coefficient; p = 0.677).

Neurological Deficits

A neurological deficit was present in all but 4 pa-
tients (6.7%). According to the KPS, disability was severe
in almost half the patients (25 patients [41.7%]), moder-
ate in 16 (26.7%), and mild in 15 (25%; Fig. 1). In the
syringomyelia subgroup, all patients had a neurological
deficit and more patients had more pronounced neurologi-
cal deficits. Nonetheless, the difference in the severity of

TABLE 1: Basic measures in patients with CM-I, according to sex
and diagnosed syringomyelia

Parameter No. of Patients Mean Age* p Valuet
sex
Y 8 404 £17.2 0.440
F 52 37.02+10.3
syringomyelia
yes 26 38.8+13.2 0.427
no 34 36.7£10.1
total 60 375+ 113
* Values expressed as the means + SDs.
t Calculated using the t-test.
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TABLE 2: Patient sex distribution in the syringomyelia subgroup

Syringomyelia (no. [%)])

Sex Yes No Total p Value*
M 8 (30.8) 0 8(13.3) 0.001
F 18 (69.2) 34 (100) 52 (86.7)

total 26 (100) 34 (100) 60 (100)

* Calculated using the Fisher exact test.

disability in patients with and without syringomyelia did
not reach significance (p = 0.115, chi-square test). In the
syringomyelia subgroup, 3 patients (11.5%) had diabetes
mellitus Type II.

Radiological Diagnostics: Width of the Syrinx

All patients demonstrated descent of the cerebellar
tonsils more than 5 mm below the level of the foramen
magnum, including partial or total obliteration of the cis-
terna magna and lateral cerebellomedullary cisterns. In 26
(43.3%) of the 60 patients, syringomyelia was diagnosed.
Among these patients, 18 (69.2%) had a syrinx width of
76%-100% (Grade 1V), 6 (23.1%) had a syrinx width of
26%-50% (Grade II), and 1 patient each (3.8%) had a syr-
inx width 0%—-25% or 51%—75% (Grades I and 111, respec-
tively; Table 3).

Body Mass Index

The average BMI among all patients was 30.35 +
7.65, which is within the Class I obesity range according
to the WHO scale (BMI 30-34.9). The mean BMI was
similar in patients with and without syringomyelia.

Among the entire series, only 1 patient (2.9%) in the
subgroup without syringomyelia was underweight (BMI
< 18.5). Fourteen patients (23.3%) had a normal BMI
(18.5-24.9) and 15 (25%) were overweight (BMI 25-29.9).
The remaining 30 patients (50%) were obese: 16 (26.7%)
in the Class I obesity group (BMI 30-34.9), 8 (13.3%) in
Class II (BMI 35-39.9), and 6 (10%) in Class III (BMI
> 40). Fourteen patients (23.3%) were of normal weight,
and the remaining 45 patients (75%) had increased (above
normal) values of BMI. There was no difference in BMI
between the subgroups with and without syringomyelia
(p = 0.514; Fig. 2).

Without syrinx

With syrinx

Fic. 1. Distribution of the severity of neurological deficits in patient
subgroups (KPS scores: disability mild = 85-100; disability moderate =
65-84; disability severe = < 65).
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TABLE 3: Distribution of patients based on the anteroposterior
syrinx grade

Syrinx Width No. (%)
Grade | (0%-25%) 1(3.8)
Grade 11 (26%-50%) 6 (23.1)
Grade Il (51%-75%) 1(3.8)
Grade IV (76%-100%) 18 (69.2)
total 26 (100)

Relationship Between Increased BMI and Vertical Extent of
Syrinx

The average vertical extent of the syrinx in our series
was 8.2 vertebrae. In 13 patients (50%) the syrinx started
at C-1, and it extended all the way to T-11 in 2 (7.7%) of
these 13 patients. In 4 patients (15.4%) the syrinx began at
the C-2 vertebra, and in 6 (23.1%) it began at C-3 (Fig. 3).

In the subgroup of patients with normal BMI values
and syringomyelia, the most common vertical extent of
the syrinx was 6 vertebrae (IQR 5-18). In the subgroup
of overweight patients, the syrinx most commonly ex-
tended over 12 vertebrae (IQR 9.5-13.5). In the subgroup
of obese patients, the syrinx most often extended over 5.5
vertebrae (IQR 4-10; Table 4). Patients with an increased
BMI most often had a vertical extent of 12 vertebrae.

The difference in the vertical extent of the syrinx be-
tween patients with normal and those with increased BMI
was significant (p = 0.027, Kruskal-Wallis test). The me-
dian vertical extent of the syrinx in overweight patients
(12 vertebrae) was twice that in patients with a normal
BMI (6 vertebrae). We used the Mann-Whitney test to
analyze the differences in syrinx vertical extent between
normal-weight and overweight patients; the obtained p
value was 0.326. The difference between normal-weight
and obese patients yielded a p value of 0.259, and the dif-
ference between overweight and obese patients yielded a
p value of 0.005.

60

538

294
30 +

208

29

o
underweight|  normal overweight | obesity undenneixhl| normal overweight

without syringomyelia withsyringomyelia

Fic. 2. The distribution of BMI in patients: subgroup without syringo-
myelia (left) and subgroup with syringomyelia (right).

J Neurosurg / Volume 119 / October 2013



Increased body mass index in CM-I and syringomyelia

N

C1-C3
c1-ca
C1-C5
Cl-C6
c1-T1
c1-T11
c1-T3
c1-14
C1-T5
C1-T8
C2-C5
Cc2-C6
c2-T1
C2-T4
€3-c5
C3-C7
c3-c8
C3-C9
C3-T1
C3-T5
C5-T2

Fic. 3. Distribution of patients with syringomyelia, according to the
vertical (vertebral) extent of the syrinx. N = number of patients.

Relationship Between Increased BMI and Width of the
Syrinx

The mean width of the syrinx in the syringomyelia
subgroup was 90% (range 50%—-90%). A diagram of the
correlation between BMI values and the width of the
syrinx in the syringomyelia subgroup is shown in Fig. 4.
The patients with a higher BMI had wider syringes. The
correlational trend showed that with the increase in BMI,
a simultaneous increase in the anteroposterior diameter
of the syrinx followed. Using the equation anteroposte-
rior diameter = (0.1414 x BMI) + 72.87, we determined
that for every unit of BMI increase, there was a 0.14%
increase in the width of the syrinx. In addition, there
was significant dispersion of BMI values in the relatively
small dispersion of the width of the syrinx in the syringo-
myelia subgroup as a whole. In the subgroup of patients
with an increased BMI (BMI > 25), there was a noted in-

100 -
90 - ° oW e 0 [ <
S
< 80 -
£ *
£ 0 . y=0.1414x+72.877
] R?=0.0036
£ 60 -
b
§ 50 - * e *e *
g 40 - .
a

30 -

@
20 T T r T )
15 25 35 45 55 65

BMI

Fic. 4. Correlation between syrinx width and BMI values (syringomy-
elia subgroup).

crease in syrinx width. The correlation between the width
of the syrinx and an increased BMI was not significant (p
=0.018, Spearman correlation coefficient).

Influence of Increased BMI on De Novo Appearance of
Syrinx

In the syringomyelia subgroup, we identified 2 patients
who had de novo formation of a syrinx upon a significant
increase in their BMI. One patient had an incidentally
found CM-I that was accompanied by mild headaches and
mild neurological symptoms but no signs of a syrinx. Her
BMI was 28.5, putting her in the overweight category (Fig.
5 left). Four years later, she still had a CM-I but she dem-
onstrated a syrinx as well (Fig. 5 right). By that time, her
BMI had significantly increased to 41 (12.5 BMI points),
which is Class III obesity. Furthermore, her headaches and
neurological function had worsened.

A CM-I without a syrinx was diagnosed in a second
patient at a time when her BMI was 19 and she had only
mild headaches. She had 3 subsequent pregnancies in 3
consecutive years, and her BMI increased to 28 (9 BMI
points). During that time, her headaches worsened and
her normal neurological status deteriorated.

An additional patient presented with a CM-I and ho-
locord syrinx (BMI 45.3, Class III obesity; Fig. 6A). Two
years later, she underwent classic suboccipital Chiari de-
compression. Her symptoms and syrinx persisted despite
the decompression and even progressed when her BMI
increased to 46.3 (Fig. 6B and C). She underwent a sec-
ond operation a year later, and no significant residual com-
pression was found. Postoperatively, her symptoms did
not improve; nor did her syrinx reduce in size. Her BMI
further increased to 47.7. At that time, she was counseled

TABLE 4: Vertical extent of the syrinx among different BMI groups

BMI No. of Patients ~ Mean No. of Vertebrae (range)*  Median No. of Vertebrae  1QR (25%-75%)  p Valuet
normal 7 9.5+6.2 (4-18) 6 5-18 0.027
overweight 5 11.6 + 2.5 (8-15) 12 9.5-13.5
obese 14 6.4 +2.9(3-11) 5.5 4-10
total 26 8.2+4.4(3-18) 7 4.75-11

* Values expressed as means + SDs.
1 Kruskal-Wallis test.

J Neurosurg / Volume 119 / October 2013
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Fie. 5. Sagittal T2-weighted MR images of the cervical spine. The
patient’'s BMI was initially 28.5 (left); 4 years later, it was 41 (right).

in a weight-loss program. Two years later she underwent
gastric bypass surgery. Over the next 6 months, she lost
significant weight, approximately 11 BMI points (BMI
36, Class II obesity). Follow-up MRI showed a noticeable
reduction in the vertical extension and anteroposterior di-
ameter of the syrinx, and her clinical status improved (Fig.
6D).

Correlation of Patient Age With BMI and Syringomyelia

We investigated the correlation between BMI val-
ues and patient age to determine whether BMI values
increase with age (Fig. 7). No correlation between these
2 variables was identified (Spearman correlation coeffi-
cient, p =0.191, p = 0.82).

Fi. 6. Sagittal T2-weighted MR images of the cervical spine. A:
BMI =45.3. B and C: BMI = 46.3. D: BMI = 36. This patient pre-
sented with holocord syrinx, which, despite 2 occipital decompressions,
persisted over 5 years. Within 6 months of weight reduction surgery, her
syrinx diminished in size. The correlation between weight reduction and
syrinx size decrease suggests a causal relationship.
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We also evaluated whether any correlation existed
between patient age and syrinx size to see if the width
(anteroposterior diameter of the syrinx) and vertical ex-
tent of the syrinx increased with age. We did not find a
correlation between patient age and vertical extent of the
syrinx (Spearman correlation coefficient, p = —0.059, p
= 0.776). In addition, we did not find any correlation be-
tween patient age and syrinx width (Spearman correla-
tion coefficient, p = 0.112, p = 0.585).

Smoking and COPD as Possible Risk Factors for
Syringomyelia

Smoking was recorded in 14 (23.3%) of the 60 pa-
tients, in 10 (29.4%) of the 34 without syringomyelia, and
in 4 (15.4%) of the 26 with syringomyelia. There was no
association between smoking and the presence of syrin-
gomyelia.

Discussion
Association of Increased BMI With CM-I in Adults

Chiari malformation Type I is a hindbrain disorder
mainly characterized by the caudal descent of cerebellar
tonsils more than 5 mm below the level of the foramen
magnum into the spinal canal and the obliteration of dorsal
and lateral cerebellomedullary cisterns. It is the leading
cause of syringomyelia.”#84%0 It occurs in both children
and adults and has been reported frequently in the past 50
years.2,4—6,9—l1,13,14,16,20—22,24,25,28,30,33,37,39.43—45,58,60—66,70,71.74—79 ItS
incidence in the general population has been estimated at
3.5%," making it a fairly common presenting diagnosis
or incidental MRI finding. Approximately 30% of indi-
viduals with CM-I are asymptomatic, and approximately
25% of patients claim trauma (whiplash, spinal injuries,
or direct blows to the head and neck) as the precipitat-
ing event.*®# Other precipitating factors that may convert
an asymptomatic CM-I to a symptomatic one or create a
de novo syrinx in previously asymptomatic patients are
poorly understood and largely unknown.

To the best of our knowledge, the association of in-
creased BMI with CM-I in adults has not been studied or
reported before. Our series is quite similar to others?+-5
9-11,13,14,16,20-22,24,25,28,30,33,37,39,43-45,58,60-66,70,71,74-79 in all demo_
graphic parameters (prevalence of sex, mean age, asso-
ciation of syringomyelia; Tables 1 and 2), and the aver-

45

40 A

| I S S S B B S B B S B S B S S S S B S B S B S S S S m g |

18 21 24 26 29 31 33 36 38 41 44 47 51 54 59 62
Age
F

6. 7. Correlation between patient age (years) and BMI.
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age BMI in all patients was 30.35 = 7.65. This value
was within the range of Class I obesity according to the
WHO scale.®' Furthermore, only 1 patient (1.7%) in the
entire series was underweight, 14 patients (23.3%) had a
normal BMI, and the remaining 45 patients (75%) were
above normal weight, 30 (50%) of whom were obese. This
increased weight proportion did not significantly differ
between patients with or without syringomyelia (Fig. 2).
Considering this, our data suggest an association between
increased BMI values and CM-I in adults. In addition,
among patients with an increased BMI, obese patients
were more numerous than overweight patients by a mar-
gin of 2:1. One can speculate why an increased BMI and
obesity in particular are associated with CM-I in our pa-
tients and possibly with all other adults in studies of pa-
tients with CM-I.

Increased CSF pressure has been associated with
obese patients with idiopathic intracranial hypertension
(pseudotumor cerebri)?340:303657.6869 and CM-I in chil-
dren.*? The obliteration of subarachnoid spaces around
the foramen magnum is one of the essential elements in
the pathophysiology of clinical symptoms associated with
CM-I and its frequent association with syringomyelia.*®

The classic works of Batson,® Hamilton and col-
leagues,’*? and Herlihy* established that there is a trans-
mission of intrathoracic and intraabdominal pressures
toward the spinal and cranial compartments and further
to the CSF compartment at rest and with Valsalva maneu-
vering (coughing, sneezing, strenuous activities, posture
changes, and so forth). This happens in real time because of
the valveless connections between corresponding thoracic,
abdominal, and vertebral venous compartments.* Based
on studies of obese patients, Sugerman% and colleagues®
coined the term “chronic abdominal compartment syn-
drome” after reporting on the increases in intraabdomi-
nal, intracranial, venous, and cardiac filling pressures in
these patients. Therefore, one can hypothesize that in adult
CM-I patients with increased BMI, the pressure transmis-
sion that normally exists between the intrathoracic/intraab-
dominal and vertebral valveless venous compartments is
exaggerated because of the increased BMI. This exaggera-
tion worsens the pressure gradient between the cranial and
spinal compartments and their possibility of equalization,
both of which are already altered by the CM-I syndrome.
In turn, this phenomenon could precipitate the symptom-
atic presentation of a CM-1. Considering these possibilities,
we advise warning patients with an incidentally diagnosed
asymptomatic CM-I syndrome about the importance of
strictly regulating their body weight. Furthermore, we
think it advisable to warn female patients with minimally
symptomatic or asymptomatic CM-I that increasing their
weight in pregnancy may lead to a syrinx and progression
to a symptomatic condition.

Unfortunately, it is unknown how the BMI data in
our series compare with those in other studies of CM-I
in adults.2,4—6,9—l 1,13,14,16,17,20-22,24,25,28,30,33,37,39,43-45,58,60-67,70,71,74-77,
8283 In the past 50 years, most published studies have come
from North America,1,2,6,9,l1,14,17,18,20,22,27,33,43,46,54,60,63,73 fol_
IOWed by Europeil(),l2,15,21,25,26,30,39,44,45,58,59,61,62,65—67,71,74—77,82
and Asia,*?42835-376470.7283 byt very rarely come from Afri-
ca' and South America."® One can speculate why such dif-
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ferences occur in the continental and regional frequencies
of reported series of adults with CM-I; the level of medi-
cal services available and economic factors come first to
mind. We wonder whether the existence of different BMI
values among patients in different regions and continents
has influenced more frequent symptomatic presentations
of these patients and subsequently more frequent report-
ing.

It is clear that obesity is an increasing phenomenon
in the US, and some regions may have a higher percent-
age of patients with obesity and CM-I. Further studies are
needed to explore such correlations.

Effect of Increasing BMI on De Novo Syrinx Formation

Chiari malformation Type I is the leading cause of sy-
ringomyelia,'”484%60 and the pathogenesis of syringomyelia
formation was initially established by 2 classic hypotheses
by Gardner?” and Williams.”®-% Over time, several authors
have offered additional hypotheses.#' Milhorat and col-
leagues*# did experimental work on syringomyelia and
the central spinal canal. More recently, Heiss et al.** and
Oldfield et al.> proposed new insights into the pathophysi-
ology of syringomyelia and its implications for the diagno-
sis and treatment of CM-1.

We have established clear evidence of the de novo
formation of a syrinx in 2 patients in our series who ini-
tially had a verified CM-I and minimal or no associated
symptoms. Over the course of 3 and 4 years, respectively,
both patients had an increase in their BMI by 9 and 12.5
points, respectively. The first patient progressed from the
overweight category to Class III obesity and the second
from a normal to overweight as a result of pregnancy. A
new syrinx, which had not been present on initial MRI,
developed in both (Fig. 5). We believe that this phenome-
non of an increasing BMI influencing the de novo forma-
tion of a syrinx further supports the pathophysiological
mechanism proposed by Heiss et al.** and Oldfield et al.%
According to these authors, with obstruction of the rapid
to-and-fro movement of CSF in the subarachnoid spaces
across the foramen magnum during systole and diastole,
the cerebellar tonsils, which plug subarachnoid spaces
posteriorly, move down with each systolic pulse and act
as a piston on the partially isolated spinal CSF compart-
ment. This movement then produces a systolic pressure
wave in the spinal CSF that acts on the surface of the spi-
nal cord, causing a progression of the syrinx from the pul-
satile pressure waves forcing CSF into the cord through
the perivascular and interstitial spaces. Therefore, we can
hypothesize that an increasing BMI in patients can only
aggravate and exaggerate this process and create or wors-
en clinical symptoms. Patients with an incidentally found
CM-I who are contemplating pregnancy should be cau-
tioned about the potential to experience symptoms and a
de novo syrinx with an increasing BMI.

One may argue that a person’s weight naturally in-
creases with age. Consequently, because most CM-I are
congenital, given enough time, a syrinx will eventually
develop and progress in these patients. Therefore, we
looked into the correlation between BMI values and age
in our patients (Fig. 7). We also looked into the possible
correlation between age and vertical extension of the syr-
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inx as well as any correlation between age and the width
(anteroposterior diameter) of the syrinx. No correlation
was found in any of the 3 comparisons. This may further
support our hypothesis of the influence of increasing BMI
(gaining weight) on de novo syrinx formation and no in-
fluence of increasing age on this process.

In the treatment of idiopathic intracranial hyperten-
sion (pseudotumor cerebri), weight control via bariatric
surgery has been reported to be successful.?! Chiari
malformation Type I patients with increased BMI and
no or only minimal symptoms may also be advised to
strictly control their weight as an initial treatment modal-
ity. We can also hypothesize that losing weight in adults
with CM-I may influence the improvement of a syrinx.
We observed this phenomenon in the patient featured in
Fig. 7, who had a CM-I and holocord syrinx and whose
BMI increased to Class III obesity. Her symptoms failed
to resolve after the classic suboccipital decompression
and subsequent reexploration. It was only through weight
reduction of about 11 BMI points (from Class I1I to Class
II obesity) that she started to experience noticeable im-
provement. In our experience, weight gain or loss of an
average of 10.8 BMI points made a difference in 3 pa-
tients, 2 with de novo syrinx formation and 1 with im-
provement after failed decompression and reexploration.

One could argue that in the examples mentioned
above, the syrinx oscillations reflect the natural history of
the disease and are not related to the changes of the pa-
tients” weight. However, we have demonstrated a positive
correlation between these variables with both increasing
and decreasing weight.

Influence of Increased BMI on Vertical Extent of Syrinx

The average vertical extent of the syrinx in the patients
with syringomyelia in our series was 8.2 vertebrae. Most
commonly, the syrinx started at the C-1 level (in 13%—-50%
of patients with a syrinx; Fig. 3). Patients with an increased
BMI most commonly had a syrinx whose vertical extent
was 12 vertebrae. In half the patients with an increased
BMI, vertical extension ranged from 9.5 to 13.5 vertebral
bodies, while it was only 6 vertebral bodies in those whose
BMI values were normal. The difference in the range of
vertical extension between the groups with normal and in-
creased BMI in our series was significant. Simultaneously,
the range of vertical extension positively correlated with
the increased BMI values. Based on results of the present
study, we can establish the certain influence of increased
BMI on the vertical extent of the syrinx. Because of the
small number of patients, this influence is not statistically
very strong, but it did exist (Table 4). This possible propor-
tional influence of increased BMI on the vertical extent of
the syrinx further supports the proposed mechanism; that
is, that the origin and maintenance of syringomyelia is fa-
cilitated by pulsatile pressure waves forcing CSF into the
spinal cord through perivascular and interstitial spaces.**-
We also looked into the possible correlation of age with
vertical extension of the syrinx; however, no statistical cor-
relation was found.

Influence of Increased BMI on the Width of the Syrinx
The mean width (transversal, or anteroposterior, di-
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ameter) of the syrinx in patients in our series was 90%.
We introduced a new classification system for syringomy-
elia, consisting of 4 grades of syrinx width. This was done
to more easily describe and assess the severity of syrin-
gomyelia and the size of the syrinx: Grade I (0%-25%),
Grade II (26%-50%), Grade 111 (51%-75%), and Grade
IV (76%-100%). We believe that this grading system
simplifies the assessment of syrinx size and syringomy-
elia severity (Table 3). Furthermore, it makes possible the
comparison of pre- and postoperative syrinx dimensions
in each patient, between different syringomyelia patient
subgroups, and between different patient series. We also
looked into the possible correlation of age with syrinx
width (anteroposterior diameter), but found none.

Patients with a higher BMI had wider syrinxes. The
correlational trend shows that with the increased BMI,
there was a simultaneous increase in the anteroposterior
diameter of the syrinx. Using the regression equation an-
teroposterior diameter = (0.1414 x BMI) + 72.87, we can
conclude that for every BMI unit increase, the width of
the syrinx increases 0.14% (Fig. 4).

We also noted that in the syringomyelia subgroup as
a whole, there was significant dispersion of BMI values in
the relatively small dispersion of the width of the syrinx.
In the subgroup of patients with a BMI > 25, there was a
noted increase in syrinx width. However, the correlation
between syrinx width and increased BMI was not signifi-
cant (p = 0.018, Spearman correlation coefficient; Fig. 4).

Headaches and Neurological Deficit

In our series, as in other studies published in the
literature’2,4—6,9—l1.13,14,16,17,20—22,24,25,28,30,33,37,39,43—45,58,60—67,70,71,
7479 headaches were present in the majority of patients
(88.3%). Also as in other reported series,># 69711131416,
17,20-22,24,25,28,30,33,37,39,43-45,58,60-67,70,71,74-79 a neurological deﬁ_
cit was present in 93% of patients in our series (88% of pa-
tients without and 100% of patients with syringomyelia).
Moderate and severe neurological deficits were present in
59% of patients without and in 81% of those with syringo-
myelia. However, this difference between the 2 subgroups
was not significant (Fig. 1). Furthermore, our results cor-
respond with those of other authors?#3:11:24.29.30525376 jp
that the anteroposterior size and vertical extent of the
syrinx were not proportional to the neurological deficit.

Since only 3 patients (11.5%) in the syringomyelia
subgroup had diabetes mellitus Type I, it is unlikely that
the majority of neurological symptoms could be correlat-
ed to diabetic neuropathy. Furthermore, our results have
also shown that smoking and COPD did not have a statis-
tically significant influence on neurological findings. Fi-
nally, recognizing that patients with increased BMI also
have increased CSF pressure, we did not find evidence of
papilledema and pseudotumor in any of the patients in
our series.

Conclusions

We have recognized a positive association between
increased BMI and the pathogenesis of CM-I and syrin-
gomyelia in adults. An increasing BMI (gaining weight)
may influence the de novo creation of a syrinx in adults
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who previously had minimally symptomatic or asymp-
tomatic CM-I. Patients should be counseled to control
their weight, and asymptomatic or mildly symptomatic
women who plan to become pregnant should be warned
of the possibility of a de novo syrinx with weight gain.
Furthermore, patients with CM-I, syringomyelia, and in-
creased BMI and in whom classic suboccipital decom-
pression has failed should consider weight reduction.
Asymptomatic or mildly symptomatic patients may be
counseled for a strict weight loss program as the initial
treatment.

This is a retrospective study done at a single cen-
ter with all pertinent limitations; therefore, our findings
should be considered preliminary. Further studies are
needed for many reasons: to determine results in a larger
number of patients, to prospectively analyze the BMI as-
sociation with CM-I, to perform multicenter studies, and
to analyze the possible influence of increased BMI on the
formation of syringomyelia, the width and vertical extent
of the syrinx, and symptomatic presentation in adults
with a CM-L.
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