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Abstract

Background: Spinal ependymoma is the most common intramedullary tumor in adults. This
study was performed to evaluate whether intraoperative yellow fluorescence use enhances our
ability to identify the tumor margin and residual tumor tissue in intramedullary spinal cord
ependymoma resection. We also evaluated patients’ clinical conditions at a 3-month follow-up.
Methods: We retrospectively evaluated 56 patients with intramedullary ependymoma. Thirty
minutes before anesthesia, the patients received intravenous sodium fluorescein injections.
Tumor resection was performed under two illumination modes, traditional white light and
yellow fluorescence, and the residual tumor tissue was detected. Magnetic resonance imaging
was performed 3 months postoperatively to observe the tumor resection outcome and residual
tumor tissue. The McCormick spinal cord function grade was evaluated preoperatively and 3
months postoperatively.

Results: The total resection rate was 100.0% in all patients. Nine patients had no significant
fluorescence imaging. After 3 months, patients with a spinal function grade of | to IV showed
significant spinal function improvement. Magnetic resonance imaging showed no residual tumor
tissue or recurrence.

Conclusion: Sodium fluorescein aids in total excision of intramedullary spinal cord ependymoma
and intraoperative residual tumor tissue identification. At the 3-month follow-up, the patients’
functional outcome in the fluorescein group was good.
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Introduction

Spinal ependymoma is the most common
intramedullary tumor in adults. It origi-
nates in the epithelial cells of the central
canal ependyma of the spinal cord and
tends to occur in the cervical spinal
cord."? The tumor grows slowly and
expands longitudinally along the long axis
of the spinal cord, with a clear boundary in
most cases; thus, total resection has been
the treatment of choice.*® However, it is
often difficult to intraoperatively resolve
the tumor’s absolute boundaries, especially
when tumor apoplexy occurs: multiple
intramedullary syringes are present within
the spinal cord and severely adhere to the
spinal cord, making it extremely difficult to
resolve the tumor’s boundaries and deter-
mine the presence of residual tumor
tissue.”® Intraoperative determination of
the tumor’s boundaries and localization of
residual tumor tissue are currently impor-
tant challenges facing neurosurgeons.” !
Sodium fluorescein is a chemical that can
stain tumor tissue, thus enabling the
tumor tissue to generate fluorescence
under the irradiation of special excitation
light. This distinguishes normal brain
tissue, edema tissue, and tumor tissue,
clearly guiding the surgeon to identify the
boundary between normal brain tissue and
tumor tissue.'>'® In the present study,
56 patients who underwent resection of
intramedullary spinal cord ependymoma
assisted by sodium fluorescein were retro-
spectively analyzed.

Materials and Methods

Clinical data

This study initially involved 83 patients
with spinal cord tumors who were admitted
to the Neurosurgical Department of Beijing
Tsinghua Changgung Hospital from
December 2014 to December 2015 and
effectively followed up. Of these patients,
56 (67.5%) (39 men, 17 women; mean age,
43.5+4.2 years; age range, 31-65 years)
had pathologically confirmed spinal epen-
dymomas. Among these 56 patients, 53 pre-
operatively exhibited single-limb/unilateral
or double-limb/bilateral sensory dysfunc-
tion, 51 exhibited limb motor dysfunction,
46 manifested decreased muscle strength
(grades 1I-1V), 5 had paraplegia (sudden
paraplegia in 2), 4 had respiratory dysfunc-
tion, and 12 had urination and defecation
dysfunction. Preoperative McCormick neu-
rological function assessment showed grade
I, II, III, and IV spinal cord function in
2 (3.6%), 31 (55.4%), 14 (25.0%), and
9 (16.1%) patients, respectively.

Imaging examination

All patients underwent a 3.0 T magnetic
resonance imaging (MRI) examination.
Among the 56 patients, 43 had lesions in
the cervical spine, 9 had lesions in the tho-
racic spine, and 4 had lesions in the filum
terminale. The lesion invaded 1 to 2 seg-
ments in 6 patients, 3 to 4 segments in
26 patients, 5 to 6 segments in 13 patients,
and >7 segments in 11 patients. The lesions
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were complicated by syringomyelia in
45 patients. Forty-seven patients showed
an enhanced solid tumor, seven showed
intramedullary  tumor apoplexy with
uneven tumor enhancement, and two
showed no enhancement.

Surgical methods

The patients received an intravenous injec-
tion of sodium fluorescein (3-4mg/kg)
(Fluorescite; Akorn, Lake Forest, IL,
USA) 30 minutes before induction of gen-
eral anesthesia. The procedure was per-
formed under an OPMI Pentero 900
microscope equipped with a 560-nm fluo-
rescence yellow filter (Carl Zeiss Meditec,
Jena, Germany). The surgical position was
chosen based on the location of the tumor,
and the patient’s limb somatosensory
evoked potentials and surface electromyog-
raphy (EMG) were monitored during the
entire procedure. A posterior neck central
approach was adopted based on the site and
spinal cord segment of the tumor to expose
the lamina of the upper and lower bound-
aries of the tumor, and the lamina of the
corresponding segment was opened via pie-
zosurgery. The dura was revealed, cut open,
and suspended, and the arachnoid was then
cut open. The tumor manifestations and
boundary were observed under the micro-
scopic white light mode. Intraoperatively,
the microscope was switched to the
560-nm yellow fluorescence mode to visual-
ize the tumor. The spinal cord was cut open
in the posterior middle region but was not
cut too deeply (to avoid affecting the tumor
and causing bleeding and difficulty in deter-
mining the tumor boundaries). This action
was taken to fully reveal the tumor bound-
aries, which were rather clear in most cases,
and thus facilitate resection. Resection of
tumors with apoplexy was difficult to per-
form; care was taken to avoid excessive
traction and damage to the base of the
spinal cord and to incise the tumor while

stopping the bleeding, enabling complete
and total resection. During the surgery,
the tumor was visualized under the tradi-
tional white light mode and the sodium
fluorescein mode, and these two modes
were used alternatively to remove the
tumor. After resection, the fluorescence
mode was used again to determine whether
residual tumor tissue was still present, espe-
cially at the upper and lower ends of the
tumor and the syrinx wall. The pia mater
and dura mater of the spinal cord were
sutured after the resection. The suture line
of the arachnoid membrane was determined
according to the surgical situation, the two-
hole connector of the craniofacial fixation
system was used to fix the removed lamina
and reset, and the incision was sutured.
After the operation, special attention was
paid to the patient’s breathing and motor
function.

Efficacy evaluation

Each patient’s functional changes were clin-
ically followed up at 7 days, 1 month,
and 3 months postoperatively, and the
McCormick grade'* was determined preop-
eratively and 3 months postoperatively.
MRI was also performed 3 months postoper-
atively to determine whether the tumor had
relapsed or complications had developed.

Statistical analysis

The data were analyzed using SPSS 20.0
software (IBM Corp., Armonk, NY,
USA). Quantitative data are presented as
mean =+ standard deviation, and qualitative
data are presented as ratio (%) or propor-
tion. The differences in the distributions of
the patients’ clinical functions at 7 days,
1 month, and 3 months postoperatively
were compared using the row x column y>
test, and multiple comparisons were per-
formed using the ¥ division method. The
differences in the patients’ McCormick
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grades before and after surgery were com-
pared using the Mann—Whitney U test. The
significance level was set at P=0.05, and
P<0.05 was considered statistically
significant.

The reporting of this study conforms to
the STROBE guidelines."’

Results

Intraoperative tumor visualization

Intraoperatively, 40 patients showed clear
tumor boundaries without application of
sodium fluorescein. Furthermore, 16 patients
showed tumor adhesions to the spinal cord,
making it difficult to remove the tumor;
among these patients, seven showed intra-
medullary tumor apoplexy with severe
adhesions. Under yellow fluorescence, the
tumor was revealed in 47 (83.9%) patients,
while the tumor was either not shown or
not shown clearly in nine (26.1%) patients.
Of these nine patients, seven exhibited
intramedullary tumor apoplexy and demon-
strated no obvious MRI enhancement, and
the remaining two showed no MRI
enhancement. Assisted by the white light
and yellow fluorescence modes, total
tumor resection was achieved in all
56 patients, with a total resection rate of
100.0% (56/56). Intraoperative neurophysi-
ological monitoring revealed that after
tumor resection, 44 patients showed
decreased upper and/or lower limb somato-
sensory evoked potentials, 23 showed
declined upper and/or lower limb EMG
amplitudes, and 7 showed declined anal
sphincter EMG amplitudes.

These findings suggest that the use of
sodium fluorescein can assist in the display
of residual tumor tissue, can improve the
tumor resection rate, and has teaching sig-
nificance for surgeons who lack experience
in resection of spinal cord tumors. In addi-
tion, 27 of the 83 patients had spinal astro-
cytoma/glioma. The analysis showed that

yellow fluorescein did not develop in low-
grade spinal astrocytoma/glioma and had
little effect in assisting resection. When
sodium fluorescein acts on high-level
spinal astrocytoma/glioma, the tumor
boundary is not clear, and sodium
fluorescein-assisted excision may result in
excessive resection and spinal cord injury.
Therefore, sodium fluorescein has little
effect on assisted resection of spinal astro-
cytoma/glioma, and the effect of sodium
fluorescein on tumor development and
localization needs further study and
improvement.

Dysfunction improvement

Three months after surgery, patients with
preoperative dysfunction showed signifi-
cant improvement in sensory and motor
function (P < 0.05); however, there was no
significant change in urinary and defecation
function. The patients’ respiratory function
was fully recovered 7 days after surgery
(Table 1). Three months after surgery, the
sensory and motor functions improved
significantly in patients with surgically
induced dysfunction or aggravated original
dysfunction (P < 0.05), whereas urination
and defecation dysfunction improved,
although not significantly (Table 2). The
MRI follow-up at 3 months after surgery
indicated no residual tumor or recurrence,
no cerebrospinal fluid leakage or infection,
no respiratory distress or death, and no
other abnormal findings during the
follow-up period.

Improvement in spinal cord function

Table 3 shows that at 3 months postopera-
tively, 32 (57.2%) patients had McCormick
spinal function grade I, 12 (21.4%) had
grade 11, eight (14.3%) had grade III, and
four (7.1%) had grade IV. These results
were significantly different from those
before the surgery (P < 0.05). Among the
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Table I. Accumulated improvements in patients with spinal cord ependymoma exhibiting preoperative
dysfunction.

Postoperative improvement

Preoperative dysfunction  Patients, n 7 days | month 3 months %% value P value
Sensory 53 12 (22.6) 27 (50.9)° 44 (83.0)"® 38767  <0.00I
Motor 517 23 (45.1)°> 28 (54.9)° 42 (82.4)*®® 15958 <0.001
Respiratory 4 4 (100.0) 0 (0.0 0 (0.0) / /

Urinary and defecation 12 5 (41.7) 5 (41.7) 8 (66.7) 2.000 0.368

Data are presented as n (%).

?Including five patients with paralysis; bIncluding three patients with paralysis, with Grade | or Il muscle strength; “Including
four patients with paralysis, with Grade | or Il muscle strength; %Including three patients with paralysis, with Grade | or I
muscle strength. ®Significantly different compared with 7 days postoperatively (P < 0.05); ®Signiﬁcantly different compared
with | month postoperatively (P < 0.05).

Table 2. Postoperative improvement of patients with aggravated or newly developed dysfunction.

Postoperative improvement
Aggravated or newly

developed dysfunction Patients, n 7 days I month 3 months 2% value P value
Sensory 44 16 (36.4) 28 (63.6)" 35 (79.5)" 17.465 <0.001
Motor 23 Il (47.8) 17 (73.9) 20 (87.0)” 7.375 0.025
Urinary and defecation 7 1 (14.3) 4 (57.1) 5(71.4) 4.964 0.084

Data are presented as n (%).
PSignificantly different compared with 7 days postoperatively (P < 0.05).

Table 3. McCormick spinal cord function grades of 56 patients with spinal cord ependymoma before and 3
months after surgery.

McCormick grade Preoperatively 3 months postoperatively U value P value
Grade | 2 (3.6) 32 (57.2) 768.000 <0.001
Grade Il 31 (55.4) 12 (21.4)

Grade llI 14 (25.0) 8 (14.3)

Grade IV 9 (l6.1) 4 (7.1)

Data are presented as n (%).

cord edema gradually improved with recov-
ery of the injury and disappearance of the
edema.

nine patients with preoperative grade IV
spinal function, five improved in 3 months
after surgery; however, among the five
patients with preoperative bleeding paraly-
sis, only one improved. Most surgically
induced dysfunctions improved in the
follow-up period, likely because the symp-

Consistency between imaging examination
and intraoperative visualization

toms derived from the surgical procedures
were induced and reversible primary injury
reactions, or the results of secondary spinal

Among the 56 patients, 47 (83.9%) showed
preoperative MRI enhancement, and intra-
operative visualization via fluorescence
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significantly enhanced visualization in all
cases. In the two patients without
significant MRI contrast enhancement
(Figure 1), intraoperative fluorescence visu-
alization did not enhance the contrast. In
the seven patients with tumor apoplexy
showing uneven MRI contrast enhance-
ment, intraoperative fluorescence
visualization did not enhance the contrast.
Forty-five patients exhibited syringomyelia,
among whom 44 showed no significant
MRI contrast enhancement in the wall of
the syrinx, and intraoperative fluorescence
visualization did not enhance the contrast
of the syrinx wall (Figure 2). One patient

showed enhanced MRI contrast in the
syrinx wall at both ends of the tumor, but
intraoperative fluorescence visualization
showed enhanced contrast in the syrinx
wall (Figure 3).

Discussion

Sodium fluorescein helps diagnose malig-
nant tumors and vascular lesions.'® It has
mainly been applied in ophthalmic diseases;
it has not been used in localizing and
removing intracranial tumors since 1948
because its use has been limited by
of visualization

the high requirements

Figure |. Preoperative and postoperative magnetic resonance imaging (MRI) examinations and intrao-

perative microscopic findings of patients with intramedullary spinal cord ependymoma at the T3—7 thoracic
vertebrae. (a) Preoperative MRI in which a sagittal T2 image shows an intramedullary spinal cord ependy-
moma exhibiting a relatively regular contour signal at the T3—7 thoracic vertebrae, with a rather clear

boundary. (b) Preoperative MRI in which a sagittal enhanced scan shows no contrast enhancement of the
tumor. (c) Intraoperative microscopy indicates that the tumor is located at the dorsal region of the spinal
cord (shown by gray color) with a clear boundary. (d) Under yellow fluorescence, the tumor does not show
enhanced contrast. (e) T2 sagittal MRI 3 months postoperatively showing no residual tumor, but a visible
tumor cavity in the surgical region. (f) Sagittal enhanced MRI 3 months postoperatively indicating no residual

tumor or recurrence.
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Figure 2. Intramedullary spinal cord ependymoma at the CI-T| segment. (a)—(c) Preoperative magnetic
resonance imaging (MRI) in which a T| image shows a thickened spinal cord; a T2 image shows the
intramedullary contour signal of masses in the CI-T| segment, with visible syringes at both ends; and an
enhanced scan shows significant contrast enhancement of the tumor. (d) and (e) Intraoperative microscopy
shows the intactness and clear boundary of the tumor; under the fluorescence mode, enhanced contrast of
the tumor was achieved, especially at the base of the tumor. (f) and (g) MRI 3 months postoperatively in
which the Tl and T2 images indicate no residual tumor or recurrence.

techniques and the nonspecific visualizing
outcome.'” 2! Normally, sodium fluoresce-
in does not readily enter the circulation of
the brain tissue because of the blood—brain
barrier; however, in patients with neurovas-
cular tumors and associated endothelial

functional lesions, fluorescein sodium accu-
mulates in the vascular tissue of the tumor
and can be observed under a yellow filter
(560-nm wavelength).!” Fluorescence visu-
alization factors include the presence of a
malignant tumor, vascular permeability
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Figure 3. Preoperative and postoperative magnetic resonance imaging (MRI) examinations and intrao-
perative findings of patients with ependymoma. (a) Preoperative MRI in which a sagittal T2 image shows
intramedullary masses with an irregular contour signal in the C2—T2 segment, with syringes visible at both
ends. (b) Preoperative MRI in which a sagittal enhanced scan shows significant contrast enhancement of the
tumor mass and enhanced syrinx walls at both ends. (c) The syrinx of a tumor at the head end is shown
under white light; it is difficult to determine the presence of the tumor. (d) The contrast of the syrinx wall is
clear under the fluorescence mode, and the mass was removed as a suspected tumor. (e¢) MRI examination
3 months postoperatively; a sagittal T2 image shows the tumor cavity after tumor resection. (f) MRI
examination 3 months postoperatively; a sagittal enhanced MRI scan indicates no residual tumor or

recurrence.

defects, the blood-brain barrier, and
neovascular defects.”*?! Because sodium
fluorescein molecules are small and can
reversibly bind to hemoglobin and erythro-
cytes, these molecules can also penetrate the
outsides of blood vessels to stain a tumor’s
peripheral tissue.”*** Recent studies have
shown that fluorescence-coupled hemoglo-
bin technology can be used to enhance the
contrast between tumor tissue and normal
tissue.'® Sodium fluorescein can be used to
improve tumor visibility and resection;
however, the reliability of fluorescence visu-
alization must be improved, particularly in
resolving tumor boundaries and their effect
on patients’ prognosis.”*

Most spinal ependymomas have clear
boundaries and a high total resection rate
that does not require yellow fluorescence-
assisted resection. However, in a previous
report, we summarized the findings of 210
patients who underwent surgical treatment
of spinal ependymoma from 1999 to 2008,
and the resection rate among all patients
was 81.9% under naked-eye white light
mode.>> Longer and larger tumors and
tumor stroke (i.e., tumor apoplexy or hem-
orrhage) may easily lead to intraoperative
hemorrhage and residual tumor tissue.
Therefore, we applied fluorescence imaging
technology to spinal ependymoma resection
in an effort to improve the total resection
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rate and reduce the incidence of residual
tumor tissue, providing implications for
future clinical reference.

The 56 patients with intramedullary
spinal cord ependymoma were treated
with tumor resection under the aid of
sodium fluorescein. Of these 56 patients,
47 (83.9%) showed remarkable fluorescence
visualization and guiding significance in
tumor resection, whereas nine (16.1%) did
not show remarkable fluorescence visuali-
zation; in those patients, the resections
were performed under white light. The
intraoperative applications of yellow fluo-
rescence with intramedullary tumors have
been rarely reported; however, a few cases
have focused on brain tumors. Koc et al.’
reported that the total tumor resection rate
of brain glioblastoma with the aid of
sodium fluorescein was 83%, which was
higher than that in the control group
(55%); however, it had no significant
effect on survival. Shinoda et al.>! showed
that the total tumor resection rates of brain
glioblastomas under sodium fluorescein
and conventional microscopic white light
modes were 84.4% and 30.1%, respectively.
The patients in the present study had intra-
medullary spinal cord ependymoma, and
the yellow fluorescence visualization rate
was 83.9%. A total resection rate of 100%
was achieved by combining the yellow fluo-
rescence mode with the white light mode.
During the follow-up period, the patients’
postoperative sensory and motor dysfunc-
tions gradually improved; however, urina-
tion and defecation dysfunctions did not
significantly improve, likely because recov-
ery from urination and defecation dysfunc-
tions is intrinsically slow and effective
rehabilitation measures are lacking. Three
months after surgery, the patients’
McCormick spinal cord function grades
gradually improved. Although the surgeries
caused short-term sensory dysfunction
(44 patients), motor dysfunction
(23 patients), and bowel and bladder

disorders in these patients, the improve-
ment rates were 79.5% (35/44), 87.0%
(20/23), and 71.4% (5/7), respectively,
during the 3-month follow-up period.
Most of these surgically induced dysfunc-
tions improved during follow-up, likely
because the symptoms derived from the sur-
gical procedures were induced and revers-
ible primary injury reactions, or the results
of secondary spinal cord edema gradually
improved with recovery of the injury and
disappearance of the edema. Patients with
preoperative respiratory dysfunctions also
improved to varying degrees, which was
likely associated with the relief of pressure
on the spinal cord, decreased tension, and
improved blood supply after tumor resec-
tion. The five patients with preoperative
tumor apoplexy paralysis had poor muscle
strength and functional improvement. In
such cases, patients and clinicians should
choose the timing of surgery to avoid the
occurrence of severe functional impair-
ments and paralysis and choose the surgical
treatment even if paralysis has already
occurred in the patient, although the
short-term efficacy of the surgery may not
be significant. MRI reviews during the
follow-up period showed no residual
tumor or recurrence, indicating that total
tumor removal can be achieved under the
fluorescence microscopy and white light
modes. Furthermore, although rapid
relapse in the short-term follow-up was
not observed, long-term follow-up will be
conducted to further determine whether
the tumors relapse.

For cases in which tumor apoplexy
occurs, tumor identification and resection
need to be performed by intraoperatively
combining the fluorescence and white light
modes.?®?” However, because hemosiderin
accumulation leads to severe adhesion of
tumor tissue to normal spinal cord tissue,
it is very difficult to resolve the tumor
boundaries and residual tissue even under
the white light and fluorescence modes.*®
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Additionally, small-vessel angiogenesis
increases the blood supply of the tumor,
which greatly increases the difficulty of sur-
gical resection.”**® Our preliminary results
show that the two are consistent to a certain
extent. The present study shows that yellow
fluorescein can help to find the tumor;
increase tumor identification; and improve
the resection rate for residual tumors, spinal
ependymoma with cavity wall enhance-
ment, and tumor hemorrhage.

In short, these observations indicated
that the fluorescence visualization and the
preoperative MRI enhanced image were
consistent. Although intraoperative fluores-
cence visualization could reveal the inva-
sion or planting of a tumor, this
visualization mode offered little help to
patients with tumor apoplexy. We will
increase the sample size in follow-up studies
to further investigate the correlations
between MRI and intraoperative fluores-
cence visualization and its reliability.

Conclusion

Fluorescein sodium can be used to assist in
the resection of intramedullary spinal cord
ependymoma. Combining the microscopic
white light mode with the fluorescence
mode can help to identify tumor tissues
and residual tumors and can improve the
resection rate. However, for tumors that
have no intraoperative fluorescence visibil-
ity, identification under normal white light
and the benefits of the surgeon’s experience
are still required. In future studies, the fluo-
rescein sodium-assisted visualization of
intramedullary spinal cord ependymomas
with different pathological conditions and
their resection rates will be investigated,
while the sensitivity and specificity of
tumor visualization will be further assessed
to mitigate the visualization interference of
peritumoral edema.
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