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Features of the Filum Terminale in Tethered Cord Syndrome
with Focus on Pathology

Jungbo Sim,' Youngbo Shim,? Kyung Hyun Kim,? Seung-Ki Kim,? Ji Yeoun Lee**
Department of Neurosurgery,” Seoul National University Hospital, Seoul, Korea

Division of Pediatric Neurosurgery,” Seoul National University Children’s Hospital, Seoul, Korea
Department of Anatomy and Cell Biology,” Seoul National University College of Medicine, Seoul, Korea

Objective : Filum transection is one of the most commonly performed operative procedure in pediatric neurosurgery. However, the
clinical and pathological features as well as the surgical indication are not well-established. This study aimed to analyze the characteristics
of patients who underwent transection of the filum during the last 10 years in a single institute.

Methods : A total of 82 patients underwent transection of the filum during the period. As a general rule, we performed the transection
in patients who are symptomatic or have abnormality in the urologic or neuromuscular evaluations. There were exceptions as
asymptomatic patients who only fit the definition of thickened filum (width greater than 2.0 mm or conus level below L3 vertebral body)
were operated by parent’s wish or surgeon’s preference according to radiological findings, etc.

Results : Seventy-six out of 82 patients had fibrous tissue in the pathologic specimen of filum. Interestingly, patients who had glial cells
were more correlated with no preoperative syrinx, and no progression of syrinx even for those who did have syrinx initially. Also, larger
percentage of symptomatic patients had peripheral nerve twigs than asymptomatic patients. No difference in conus level or thickness of
filum was found between patients with or without preoperative syrinx. Significantly more patients with syrinx (56%) were chosen to be
operated without any symptom or abnormality in study i.e., solely based on radiological findings than those without syrinx (21%). The
surgical outcome for syrinx was favorable, as all but one patient had either improved or static syrinx. The exceptional case had increase in
size due to the upward displacement of the proximal end of the cut filum.

Conclusion : This study evaluated the pathological, clinical, radiological features of patients who underwent transection of the filum.
Interesting correlations between pathological findings and clinical features were found. Excellent outcome regarding preoperative syrinx
was also shown.
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INTRODUCTION be performed as part of an untethering operation for a more
profound type of spinal dysraphism such as lumbosacral lipo-
Transection of the filum terminale is one of the most com- ma, split cord malformation, etc. Filum transection is also

mon operations in pediatric neurosurgery practice”". It may performed solitarily in cases of tethered cord syndrome sus-
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pected to be caused by thick filum, fatty filum, low-lying co-
nus, or even some cases with normal image findings”. A
thickness of 2 mm or greater is defined as thick filum and
low-lying conus is noted in cases where the location of the co-
nus is at or below the L3 vertebral body™"”. Although these
cut-off values are widely accepted, there are still variations be-
tween the clinical applications of individual surgeons or insti-
tutions’”.

The degree of variation, hence the controversy is even great-
er in the indication of the transection of filum. Also most of
the knowledge is based on the opinion of experts or case series
with usually no control group to provide evidence on the ef-
fectiveness of surgical intervention in different subjects'"”. In
fact, a recent study in United States covered the incidence and
perioperative features of patients who underwent filum tran-
section operation using a nation-wide database to assess a di-
agnostic algorithm”. The authors showed that patients with
comorbidities or an associated syrinx showed a higher chance
of untethering procedures for “tethered fibrofatty filum ter-
minale”. Despite the shortage of detailed clinical information
due to the nature of the study based on national database, the
results support the ‘variation” of clinical implications regard-
ing the cord tethering related to thickened or fatty filum.

This study reviewed the clinical, radiological, and patholog-
ical features of the filum terminale in patients who underwent
transection of the filum suspected with tethered cord syn-
drome. The relation between the conus level, syrinx, clinical

characteristics, and pathological features was evaluated.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional
Review Board of Seoul National University Hospital.

Retrospective review of patients who underwent transection
of the filum during June 2009 to June 2019 was done. Data in-
cluding age, sex, clinical symptoms, radiological features,
electromyography (EMG) data, urodynamic study (UDS) re-
sults (if available), pathological result, postoperative symptom
and radiologic outcome were collected. Radiologic features of
conus level, thickness of filum, syringomyelia, evidence of
‘fatty’ filum were assessed. Patients with no other pathology
of the spinal dysraphism were only included. Therefore, pa-

tients with caudal lipoma or limited dorsal myeloschisis were
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all excluded.

Preventive surgery is not recommended for ‘asymptomatic’
thick or fatty filum in our institute. Surgery is recommended
in patients with symptoms such as urinary tract infection
(UTI) due to neurogenic bladder or foot deformity. Surgical
transection is also performed when abnormalities on the
EMG and/or UDS are detected. Preventive surgery is also per-
formed on parent’s strong demand. Preoperative EMG and
UDS were performed in some cases. EMG and UDS were per-
formed as previously described”.

Transection of the filum was performed usually through
hemilaminectomy at the level below the conus. Foley insertion
is not done, and the patients are usually discharged 3 days af-
ter the operation.

Statistical analysis was performed with chi-square test,
Fisher’s exact test and Student’s t-test (R version 4.0.0; R Foun-
dation for Statistical Computing, Vienna, Austria) and signifi-

cant finding was based on p value of 0.05 or less.

RESULT

Demographics and descriptive data

A total of 471 number of patients were operated for spinal
dysraphism during the period and 82 patients were included
in this study. The median age at operation was 11 months
(range, 2 months to 36 years) and there were 43 girls. The co-
nus level was rostral to 3rd lumbar vertebral body (i.e., L2-3
disc space and above) in 43 (52%) patients. Twenty-five pa-
tients had syrinx preoperatively, of whom 11 showed progres-
sion of the syrinx size before the operation. Forty-six patients
had radiological evidence of ‘fatty’ filum, and 27 had thick
(larger than 2 mm) filum. Regarding the indication for surgi-
cal intervention, twenty-two patients (27%) were asymptom-
atic but had abnormality only on the EMG and/or UDS. Thir-
ty-four patients (41%) were symptomatic (neurogenic bladder
and/or orthopedic problems). The other 26 patients (32%)
were operated based solely on the radiological features.

Twenty-seven patients (79%, 27 out of 34) showed symptom
improvement. There were no postoperative complications or
newly developed symptoms.

Thirty-eight patients showed abnormality in preoperative
UDS, while 22 of them were symptomatic. Postoperative UDS

was performed on 12 patients with residual urinary symp-



toms, seven showed improvement. Deterioration in UDS was

shown in only one case, but dysuria was decreased.

Pathology

Seventy-six patients had fibrous tissue in the filum speci-
men. Sixty-eight patients had adipose tissue components.
Thirty-seven patients had glial cells, tested by immunostain-
ing with GFAP, 41 had peripheral nerve twigs. Eight patients
had vascular tissue and one patient had muscular tissue. No
case of cartilage, bony tissue, ganglion or chronic inflamma-
tion was found.

Glial cells were found significantly more frequently in pa-
tients without syrinx (31 out of 57, 54%) than with (six out of
25, 24%, p=0.021). Also, whereas 50% (four out of eight) of
patients who showed no change in syrinx postoperatively had
glial tissue, only 8% (one out of 13, p=0.047) of patients with
decreased syrinx had glial tissue. Symptomatic patients were
more likely to have peripheral nerve twigs (22 out of 34, 65%)
than asymptomatic patients (19 out of 48, 40%, p=0.044).

Syrinx
Twenty-five patients (30%) had syrinx before the operation.

The level of the conus tip was not different between the syrinx
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(+) vs. (=) group. The reason for surgical intervention was dif-
ferent, as more than half (56%) of the syrinx (+) group were
asymptomatic and normal on EMG and UDS, whereas 79%
of the patients without syrinx were either symptomatic or had
abnormal results on EMG or UDS (p=0.008, Table 1). This
may indicate that the additional radiological feature of syrinx
seems to drive surgeons and parents to actively intervene with
surgical treatment.

Of the 25 patients who had syrinx before the operation, 22
had two or more preoperative images to confirm the preoper-
ative progression of syrinx, and 11 out of 22 showed progres-
sion of the syrinx size before the operation. However, no sig-
nificant difference was found in age, histology, conus level and
the presence of fatty change between the groups with and
without preoperative progression of syrinx (Table 2).

Twenty-two patients had postoperative follow up images to
evaluate the postoperative outcome of the syringes, and 21 pa-
tients had either improved (n=13) or no change (n=8) in the
size of the syringes. Of the 11 patients who showed preopera-
tive increase in the size of the syrinx, seven showed decrease
postoperatively and three showed no change. Transection of
the filum had almost always halted the progression of the syr-
inx (Table 3).

Table 1. Comparison of various features between patients with or without preoperative syrinx

Syrinx (+) (n=25) Syrinx (=) (n=57) p-value
Age (years) IRESN 43+69 0.001
Histology
Fibrous 24.(96.0) 52 (91.0) 0.662
Adipose 19 (76.0) 49 (86.0) 0432
Glial 6 (24.0) 31 (54.0) 0.021
Peripheral nerve twig 11 (44.0) 30(53.0) 0.631
Conus level 0.210
L2-3 or above 10 (40.0) 33 (58.0)
Below L3 15 (60.0) 24(42.0)
Fatty change 0.800
(+) 13 (52.0) 33 (58.0)
) 12 (48.0) 24 (42.0)
Reason for operation 0.008
Symptomatic 8(32.0) 26 (46.0)
Asymptomatic with abnormal results on UDS or EMG 3(12.0) 19 (33.0)
Asymptomatic 14 (56.0) 12 (21.0)

Values are presented as mean+standard deviation or number (%). UDS : urodynamic study, EMG : electromyography
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Table 2. Comparison of various features between patients with or without progression of preoperative syrinx*

Age (years) 11+0.7 12414 0.829
Histology
Fibrous 11 (100.0) 13 (93.0) 1.000
Adipose 9 (82.0) 10(71.0) 0.661
Glial 3(27.0) 3(21.0) 1.000
Peripheral nerve twig 6 (55.0) 5 (36.0) 0435
Conus level 0.697
L2-3 or above 5(45.0) 5(36.0)
Below L3 6 (55.0) 9 (64.0)
Fatty change 0.695
+) 5 (45.0) 8 (57.0)
=) 6 (55.0) 6 (43.0)
Reason for operation 0446
Symptomatic 2(18.0) 6 (43.0)
Asymptomatic with abnormal results on UDS or EMG 2(18.0) 1(70)
Asymptomatic 7 (64.0) 7 (50.0)

Values are presented as mean-+standard deviation or number (%). *Three patients went under surgery with one preoperative image. UDS : urodynamic
study, EMG : electromyography

Table 3. Comparison of various features between patients according to postoperative syrinx outcome

Age (years) 19416 0.7+0.6 0.052
Histology
Fibrous 8(100.0) 12 (92.0) 1.000
Adipose 6 (75.0) 10 (77.0) 1.000
Glial 4(50.0) 1(8.0) 0.047
Peripheral nerve twig 3(37.0) 7 (54.0) 0.659
Conus level 0.646
L2-3 or above 4(50.0) 4(31.0)
Below L3 4(50.0) 9(69.0)
Fatty change 0.659
(+) 5(63.0) 6 (46.0)
=) 3(37.0) 7 (54.0)
Reason for operation 0.159
Symptomatic 3(38.0) 4(31.0)
Asymptomatic with abnormal results on UDS or EMG 2 (24.0) 0(0.0)
Asymptomatic 3(38.0) 9 (69.0)

Values are presented as mean+standard deviation or number (%). UDS : urodynamic study, EMG : electromyography
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The only patient who showed ‘increase’ of syrinx size after
the operation was an 8-month-old girl. Although asymptom-
atic, her syrinx was increasing in size (Fig. 1A) and her EMG
showed abnormal findings. Immediate postoperative course
was uneventful. As routine protocol we perform follow up
EMG examination 6 months to 1 year after the operation, and
her follow up study revealed nearly complete recovery of the
previously noted bilateral S1 radiculopathy. Also as a routine
follow up, magnetic resonance imaging (MRI) was done at
postop 1 year, and the size of the syrinx had increased sub-
stantially, with a mass compressing the tip of the conus which
was not visible on the immediate postop MRI (Fig. 1B and C).
Radiological assumption on the mass was a dermoid cyst, but
through careful review of the images in comparison to pre/
postop MRIs, we concluded that the peculiar cystic mass was
the curled up proximal end of the fatty filum. No neurologic
or urologic deficit was found, so we decided to follow up on
the syrinx. The last image (ultrasound) was taken 6 months

after the last MRI and a slight decrease in syrinx was noted.

o

\
g afi .
S ol &—

Thickened Filum Terminale | Sim J, et al.

DISCUSSION

A total of 82 patients underwent transection of the filum in
our institute during 10 years. The radiological features varied
as the level of the tip of the conus was at or below the L3 verte-
bral body in 39 patients, fatty filum in 46 patients, and thick fi-
lum in 27 patients. Syrinx was found in 25 patients preopera-
tively and these patients were significantly younger than those
without a syrinx (1.1£1.1 years vs. 4.3£6.9 years, p=0.001). Path-
ological analysis revealed the presence of fibrous tissue in 93%
of the patients. The indication for surgery was symptom (UTI
or foot deformity), abnormality on EMG and/or UDS, or solely
on radiological diagnosis usually due to surgeon’s or parent’s
preference. The presence of syrinx seemed to be a major reason
for deciding on surgical intervention for asymptomatic patients
without any abnormal results on EMG or UDS.

The presence of fibrous tissues in almost all of the patient is
in line with previous reports"”'". Even the six patients with

negative pathology for fibrous tissue clearly had adipose tis-

sues. Although thin collagen bundles are found in normal fi-

- w
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Fig. 1. A : Preoperative MRI showing fatty filum (arrowheads) and syrinx (arrow). B : Immediate postoperative MRI showing cut filum (circle). C : MRI
taken 1 year after the operation showing a mass at the dorsal surface of the conus (white arrowheads, high signal intensity on both T2 and T1 images).
The axial images reveal that the mass is actually elongated, linear shape (yellow arrowheads) suggesting it is the curled up proximal end of the cut filum.
MRI': magnetic resonance imaging.
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lum, thick fibrosis have not been noted in previous studies on
the histology of filum. The consistent and well-replicated
presence of ‘fibrous’ tissues in clinical ‘thick filum terminale’
cases suggest its role in the pathophysiology of cord tethering
in the thick or fatty filum cases™*”. However, despite several
studies on the subject, a dominant theory to explain how
‘tethering’ is caused in these patients is absent.

Two intriguing correlations were found between the patho-
logic and clinical features. First was the significant correlation
with symptom and presence of peripheral nerve twigs. It
seems that greater proportion of symptomatic patients (22 out
of 34) had peripheral nerve twigs than those who were asymp-
tomatic (19 out of 48, p=0.044). A previous study has reported
a similar trend as peripheral nerve twigs on histology was sig-
nificantly associated with thick filum and abnormal UDS
findings'. Although the authors of the previous study men-
tioned the possibility of ‘entrapment’ of somatic and auto-
nomic nerves innervating the genitourinary system, this
seems unlikely considering the normal anatomy of filum
where the sacral roots are functionally and physically separat-
ed. Although hypothetical, the presence of peripheral nerve
twigs may be explained by the fact that the filum is the rem-
nant of the degenerated ‘medullary cord” which is originated
from ‘caudal cell mass’ a pluripotent cell mass that is the main
player of secondary neurulation. Second was the correlation
between the glial tissue and syrinx. It seems that the presence
of glial tissue was negatively correlated to syrinx formation or
progression. Besides the mechanical theory of syrinx forma-
tion, others such as transmedullary bulk flow may be related
to the cellular function of cerebrospinal fluid flow in the spi-
nal cord parenchyme, but nothing in detail has been pro-
posed"”.

Syringomyelia is an important radiological feature in spinal
dysraphism. Enlargement of syrinx implies that cord tethering
is present, although exceptions exist. A recent study revealed
that syrinx is a significant clinical factor leading to surgical
treatment in patients with thick or fatty filum”. It was greater
than any other parameters such as age or conus level. This
study showed that almost all of the patients showed improved
or static syrinx size, proving the effectiveness of filum section
in such cases. Nonetheless, the abovementioned study sug-
gested, based on the fact that dramatic improvement in syrinx
size is not seen in every case, mere presence of mild syrinx

may not be an absolute indication for surgery. The quantifica-
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tion of the postoperative outcome for transection of the filum,
as well as the associated syrinx may help define the indication
of surgical transection for thick filum'”.

This study is limited in that only the patients who were cho-
sen to be operated were enrolled. The enrolled patients were
still further limited in that the indication for operation was
not strictly applied. Actual comparison of the outcome of
‘nonoperated’ cases despite fulfilling the definition of thick or

fatty filum may add more fulfilling clinical insight.

CONCLUSION

This study evaluated the pathological, clinical, radiological
features of patients who underwent transection of the filum.
Interesting correlations between pathological findings and
clinical features were found. Excellent outcome regarding pre-

operative syrinx was also shown.
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