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Study Design: A retrospective study.

Purpose: We report our experience with 5-aminolevulinic acid (5-ALA}-assisted resection of spinal cord ependymomas in adults.
Overview of Literature: Ependymoma is the most frequent primary spinal cord tumor in adults. Surgery is the treatment of choice in
most cases. However, while complete resection is achieved in approximately 80% of cases, clinical improvement is achieved in 15%
only. Five-ALA fluorescence—guided surgery seems to be useful for this tumor type.

Methods: We studied 14 patients undergoing 5-ALA fluorescence-guided surgery for spinal cord ependymomas in our service. The
modified McCormick classification was used to determine clinical status and the degree of resection was assessed with magnetic
resonance imaging.

Results: Of the 14 patients, the tumor showed an intense emission of fluorescence in 12 and the fluorescence was weak and non-
uniform in two. Complete resection was achieved in 11 cases. According to the McCormick classification, 10 patients improved, two
remained the same, and two deteriorated.

Conclusions: Our results confirm that 5-ALA fluorescence-guided resection is useful in spinal cord ependymoma resection. Although
the rate of complete resections is similar to that in published series without 5-ALA, clinical results are better when using 5-ALA with

a lower percentage of clinical deterioration.

Keywords: Spinal cord; Ependymoma; Aminolevulinic acid; Fluorescence guided surgery

Introduction

Spinal cord tumors represent 5% to 10% of primary tu-
mors in the central nervous system. Ependymomas ac-
count for 50% to 60% of primary spinal cord tumors in
adults [1] and 2% of all central nervous system tumors [2].
Surgery is the treatment of choice, especially in cases of

neurologic deficit. However, while it is possible to achieve
complete resection in approximately 80% of patients, 15%
only of cases show clinical improvement [3].
5-Aminolevulinic acid (5-ALA) fluorescence-guided re-
section is a useful technique for the resection of malignant
gliomas as well as other tumors, such as meningiomas,
metastases, spinal cord tumors, subependymomas, and
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hemangioblastomas [4-12].

To date, only some cases and small series of 5-ALA-
assisted resection of spinal cord ependymomas have been
reported [5,7,9,12-14]. We report our experience in what
we believe is the largest series of 5-ALA assisted resection
of spinal cord ependymomas in adults.

Materials and Methods

We reviewed the histories of all adults who underwent
5-ALA-assisted surgery for an intramedullary ependymo-
ma, including those of the conus medullaris and exclud-
ing those of the filum terminale, at University Hospital
Complex of Badajoz, Spain between June 2009 and May
2016. The neurologic status of the patients was graded
according to the modified McCormick classification pre-
operatively [15], at discharge, and during the last available
follow-up. All the patients underwent preoperative mag-
netic resonance imaging (MRI) including T1- and T2-
weighted sequences and contrast-enhanced T1 sequence.
The pattern of contrast enhancement, presence and loca-
tion of any cystic component, and existence of associated
syringomyelia were considered. The extent of resection
was estimated by comparison between preoperative and
postoperative MRIs. The evolution of tumor rests or any
tumor recurrence, when resection was considered com-

Table 1. Characteristics of the 14 patients included in the study

McCormick Time until

Level
surgery (mo)

Case Sex Age (yr)

plete, was evaluated with sequential MRI studies during
follow-up. Neuroradiologists at our institution, who were
blinded to the surgical technique used, evaluated all MRIs.

All the patients received dexamethasone preoperatively.
Three hours before anesthetic induction, they were given
a solution containing 20 mg/kg 5-ALA orally. Surgery
was performed with the patient under general anesthe-
sia and orotracheal intubation. Standard microsurgical
technique was used, with neurophysiologic monitoring in
11 patients since this technique was not available to us at
that time. Fluoroscopy was used to locate the lesion level
intraoperatively. Laminectomy or laminoplasty was per-
formed according to surgeon preferences and patient age.
A modified neurosurgical microscope (Pentero; Carl Zeiss
Co., Oberkochen, Germany) with blue light emission
was used during the surgery. When present, fluorescence
(graded as strong, mild, or none) was used to guide the
myelotomy in the pure intramedullary tumors. During
resection, white and blue light alternated to determine
the limits of the tumor and scar tissue in the reoperated
patients. When the surgeon determined that the tumor
resection was finished using white light, the surgical bed
was explored under blue light to search for any remnant
tumor exhibiting fluorescence. To avoid toxicity induced
by 5-ALA photosensitivity, the patients were protected
from any light source for 24 hours and they wore dark

1 F 58 C1-C2 I 36
2 F 46 D8-D12 Il 1
3 F 72 D12-11 Il 18
4 M 50 D4 Il

5 M 52 C7 Ib

6 F 18 D9-D10 Ib 2
7 F 50 C4-D1 Il 24
8 F 62 C5-C6 Ib 180
9 M 44 L1 Il 4
10 M 42 C6-D6 1l 5
11 M 15 L1-L3 I 9
12 M 62 L2 Ib 2
13 M 49 L1 Ib 2
14 F 56 D11 Ib 24

Resection Ki-67  Neurophysiological
grade RTCCEEED (%) monitoring
Complete Intense 1 Not available
Subtotal Intense 15 (AE) Not available
Complete Intense 1 Not available
Complete Intense 4 No alterations
Complete Intense 2 No alterations
Complete Mild 3 No alterations
Complete Intense 2 No alterations
Complete Mild 2 Improvement of SEPs
Subtotal Intense 1 Decrease of SEPs
Complete Intense 10 No alterations
Complete Intense 5 No alterations
Subtotal Intense 5 Decrease of SEPs
Complete Intense 2 No alterations
Complete Intense 2 No alterations

F female; M, male; AE, anaplastic ependymoma; SEPs, somatosensory evoked potentials.
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glasses.

This study was performed with the approval of othe in-
stitutional review board of University Hospital Complex
of Badajoz, Spain.

Results

A total of 14 patients (seven males, seven females; median
age, 50.6 years) with a spinal cord ependymoma under-
went surgery between June 2009 and May 2016 (Table
1). Three patients had been operated previously for ep-
endymoma, two at another level and the other had a true
recurrence 7 years after an apparent complete resection
without the aid of 5-ALA.

The most frequent clinical manifestation was a sensory
deficit in 11 of 14 patients, followed by pain with radicular
distribution in nine. Motor and sphincter disturbances or
gait difficulties occurred in four patients. No patient was
asymptomatic at presentation. According to the McCor-
mick classification, six patients had grade Ib, five grade II,
and three grade III disease. The median duration of symp-
toms was 7 months. The most common lesion location
was dorsal and in five patients the conus medullaris was
affected. MRI showed uniform contrast enhancement of
the tumor in 12 patients and nonuniform enhancement in
two. Four patients had associated tumoral cysts and three
had syringomyelia.

The tumor emitted an intense fluorescence in 12 pa-
tients, while in two the fluorescence was mild and scat-
tered. Intraoperative complete resection was achieved in
11 patients with no visible fluorescence in the surgical
bed, and this was confirmed on postoperative MRI. The
remaining three patients had minimal residual tumor with
fluorescence emission that was deemed unsafe to remove.

Neurophysiologic monitoring was available for 11 of 14
patients: eight had no modification of the potentials dur-
ing the surgery, improvement was observed in one, and in
two with subtotal resection a decrease in somatosensory
potentials was noticed and, facing the risk of permanent
neurologic consequences, the surgery was stopped. The
other case with subtotal resection confirmed with 5-ALA
and postoperative MRI did not undergo neurophysiologic
monitoring; however, the location at the conus medullaris
prompted us to end the operation.

No complications related to the surgery or administra-
tion of 5-ALA were observed.

Pathologic diagnoses were ependymoma grade I in

three patients, grade II in nine, and grade III in one.
Median Ki-67 index was 5%, 2%, and 15%, respectively.
There was no correlation between cell proliferation index
and intraoperative fluorescence emission.

At discharge, five patients (two grade Ib, two grade II,
and one grade III cases) were unchanged, five (four grade
Ib and one grade III) were improved, and four (three
grade II and one grade III) deteriorated (Table 2). After
a median 20-month follow-up, some patients showed
continuous improvement, five of the six with McCormick
grade Ib improved to grade I, and one deteriorated to
grade II. Among the five patients with McCormick grade
II, two remained stable, two improved to grades I and Ib,
and one deteriorated to grade IV. This last patient was
diagnosed with anaplastic ependymoma. All the three
patients with grade III disease, including the patient with
grade IV at discharge, improved to grade I (one patient)
or grade II (two patients) (Table 3).

Seven of the nine patients with preoperative radicular
pain improved. This improvement did not change with
time. Sensory deficits were stable in all the patients at dis-

Table 2. Comparison of the grade on the modified McCormick classifi-
cation before surgery and at discharge

McCormick at discharge

McCormick

- Total
preoperative | Ib I m v

0
Ib 42 ’
I 2 3 5
I 1 b
v ’
Total 5 2 2 4 J 1

Table 3. Comparison of the grade on the modified McCormick classifi-
cation before surgery and at the last follow-up

VT McCormick during follow-up

e —————————————— Total
stelplE RS b I W

Total 7 1 5 0 1 14
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charge but three improved long-term until they became
free of this deficit. Of the four patients with preoperative
motor deficits, one showed complete recovery postop-
eratively, two remained unchanged (one of them had a
complete recovery throughout the follow-up), and one
worsened, showing a dense tetraparesis at discharge that
improved to monoparesis during follow-up. Three pa-
tients without any motor deficit preoperatively suffered a
motor deficit in the immediate postoperative period, be-
ing transient in one of them. Sphincter disturbances were
unchanged in three patients and improved to normal
function in one patient. The remaining patient suffered
a profound, permanent deterioration of bladder control
until it disappeared completely during follow-up. Postop-
eratively, one patient presented with urinary deterioration
with no posterior resolution.

Discussion

Spinal cord ependymoma is a potentially curable tumor
due to its good prognosis and low recurrence rate as long

as complete resection is achieved [16-22]. Advances in
microsurgery, neuroimaging, and intraoperative monitor-
ing have enabled safer surgical resection. However, despite
this, a high morbidity rate remains in the immediate post-
operative period [19,22]. This occurs first because some-
times the plane between normal tissue and the tumor is
not distinguished easily, which is especially evident at the
zone of the conus medullaris. Second, during ventral dis-
section of the tumor, there is a risk of microvasculature
disruption, which, in conjunction with surgical manipula-
tion, may lead to edema and ischemia of the spinal cord
and subsequent clinical deterioration [16,22].

5-ALA is a useful tool to treat malignant brain gliomas
as well as other tumors. The usefulness of 5-ALA in ep-
endymomas already has been reported in the literature
[5,7,9,12-14]. Our results showed that 5-ALA helps to
identify the dissection plane between normal tissue and
the tumor. This would lead to a high rate of complete
resections, even in cases where the fluorescence was not
intense, and minimization of damage to healthy neural
tissue. The complete resection rate was 79% in our series

Fig. 1. Case 4. (A) Intraoperative image with blue light showing the intense fluorescence emitted by the lesion. (B)
Intraoperative image with white light in which the tumor bed is seen. (C) Intraoperative image with blue light in
which no fluorescence emission is seen in the tumor bed. (D) Sagittal dorsal postoperative magnetic resonance
imaging shows complete resection.
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and 70% and 80% in two series on 5-ALA [12,14]. In
other wider series, in which 5-ALA was not used, the rate
varies between 65% and 91.5% [15,17,20,21,23].

Regarding the functional result, 10 patients (71.4%)
showed improvement, two only (14.3%) deteriorated (one
had anaplastic ependymoma with subtotal resection and
posterior recurrence), and two remained the same (14.3%).
Millesi et al. [12] reported no data about the functional
result. However, Inoue et al. [14] reported a stability rate
of 30% on the McCormick classification at the end of
follow-up, and an improvement rate of 70%, similar to our
results. In reported series in which 5-ALA is not used, the
long-term deterioration is 13.9% to 35.8% [15,16,18,24-
27].

Moreover, 5-ALA also is useful as an indicator of the
extent of tumor resection. In our cases in which fluo-
rescence remained in the surgical cavity, postoperative
MRI confirmed the presence of residual tumor; therefore,
5-ALA also is useful as an indicator of the extent of tumor
resection (Fig. 1).

Pathologic diagnosis confirmed tumor presence in all
the samples showing fluorescence emission, indicating a
positive predictive value of 100%. No correlation of fluo-
rescence with proliferation index was observed. The same
occurs with other tumors of the central nervous system,
such as meningiomas [28].

Deterioration of sensory function is inevitable due to
the myelotomy, and studies have shown a correlation be-

i at

tween the length of the myelotomy and postoperative sen-
sory deficit [29,30]. As we reported previously [9], 5-ALA
can help to locate the point to perform the myelotomy as
well as to determine its length, which, in turn, may lead to
a minor sensory function deficit (Fig. 2).

Our study has some limitations. First, it is a retrospec-
tive study with a small cohort. In addition, it is not a
comparative study; therefore, we believe that prospective
studies comparing cohorts without and with 5-ALA are
necessary.

Conclusions

5-ALA fluorescence-guided resection seems to be a use-
tul tool for the resection of spinal cord ependymomas,
because it permits identification of the plane of cleavage
between the tumor and normal tissue and minimizes the
risks of a spinal cord lesion. In many cases, it showed us
the point to perform the myelotomy.
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Fig. 2. Case 7. (A) Sagittal cervicodorsal magnetic resonance imaging with gadolinium shows the lesion. (B)
Intraoperative image with white light shows the spinal cord with numerous pathologic vessels on its surface. (C)
Intraoperative image with blue light shows fluorescence emission before myelotomy.
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