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BACKGROUND �ervicomedullary ependymoma (CME) is a rare tumor of the central nervous system. The CME treatment strategy is insufficiently
represented in the literature and is a complex task for neurosurgeons.

OBSERVATIONS The authors describe an infrequent case of a large multisegmental CME that extended from the medulla oblongata to the cervical
spinal cord at the level of the sixth cervical vertebra in a 21-year-old female. Neurological disorders presented with headache, dysphagia, hypophonia,
and weakness in the limbs. Subtotal removal of the tumor was performed according to intraoperative neurophysiological monitoring (IONM) results. A
wait-and-see approach with patient follow-up was chosen.

LESSONS Total tumor removal of the CME is the most important favorable prognostic factor. Subtotal resection can be considered if the borders of
the tumor are unclear and the result of IONM is unfavorable. The role of postoperative radiation therapy in the case of subtotal removal of the tumor
remains controversial.
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Ependymomas account for approximately 2–9% of all tumors of
the central nervous system.1–4 Literature sources on the surgical
treatment of cervicomedullary ependymoma (CME) are extremely
limited. In the available literature, only 2 studies are mentioned that
present a series of clinical observations of patients with CME.2,4

The prevalence of CME is relatively low: 3.8–10.0% of all spinal
cord ependymomas and up to 23.7% of all cervicomedullary
tumors.5–7 CME constitutes a complex surgical pathology, especially
in patients with multisegmental distribution in the spinal cord.

Aggressive surgery for these neoplasms remains controversial
due to the high risk of neurological disorders, including respiratory
disorders, dysphagia, motor deficits, and even tetraplegia. Currently,
due to the rapid development of neuroimaging techniques and vari-
ous intraoperative technologies, such as intraoperative neurophysio-
logical monitoring (IONM), the treatment of these neoplasms has

become more radical with better long-term results.2,4,8 However,
due to insufficient coverage of CME in the literature, there is no uni-
fied, standardized treatment strategy for these patients. In this
report, we present a rare case of multisegmental CME in a woman
in her early 20s and describe the features of the clinical characteris-
tics, diagnostics, surgical treatment with IONM, and prognostic fac-
tors in patients with CME.

Illustrative Case
A 21-year-old patient presented to the 4th Neurosurgery Depart-

ment of the Polenov Neurosurgical Institute with headache, bulbar
symptoms, and weakness in the limbs. The first clinical manifesta-
tion was pain in the cervical and thoracic spine. Acute deterioration
had occurred in the past month. Neurological examination revealed
weakness in the extremities (2/5 on the right upper limb proximal,

ABBREVIATIONS CME = cervicomedullary ependymoma; IONM = intraoperative neurophysiological monitoring; MRI = magnetic resonance imaging; SSEP =
somatosensory evoked potentials.
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21/5 on the left upper limb proximal, 3/5 on the upper limbs distal,
31/5 on the lower extremities proximal, and 4/5 on the lower
extremities distal according to the Oxford Scale of muscle testing),
numbness in the hands, positional vertigo, unsteadiness on walking,
decreased visual acuity, and bulbar symptoms such as dysphagia
and hypophonia (3 points on the modified McCormick Scale).

Magnetic resonance imaging (MRI) of the cervical spine showed
an intramedullary cervicomedullary cystic solid tumor. It extended
from the medulla oblongata to the C6 vertebral level. The size of
the solid component was 82 � 18 � 11 mm, and the cystic compo-
nent was 36 � 33 � 33 mm (Fig. 1A–C).

The patient underwent a C1–6 laminotomy and microsurgical
removal of the intramedullary tumor with IONM. First, we performed
fenestration of the cystic mass. Next, we created several midline
incisions along the posterior surface of the spinal cord to preserve
the large arterial supply. A gray-white tumor of soft elastic consis-
tency with clear borders and moderate blood supply was visualized.
The lesion was dissected and subtotally removed (Fig. 2A–D).

Polymodal IONM was performed to monitor the functional state
of the spinal cord pathways. Transcranial electrical stimulation and
D-wave registration were performed to assess the safety of the
descending motor pathways. Before manipulations, stable motor-
evoked responses were recorded from the distal target muscles of
the arms, and unstable motor-evoked responses were recorded
from the proximal target muscles of the hands and target muscles
of the legs. To assess the integrity of the ascending pathways of
the spinal cord, somatosensory evoked potentials (SSEP) were
monitored during electrical stimulation of the median nerves of both
arms and the tibial nerves of both legs.9

Transient disappearance of motor-evoked responses from the right
biceps brachii muscle, right brachioradialis muscle, and right thenar
(Fig. 3) were registered during the surgery. For the purpose of correct-
ing the perfusion of the spinal cord, the surgery was suspended for 10
minutes, during which the spinal cord was irrigated with a warm saline
solution and the anesthesiology team temporarily maintained blood
pressure 10 mm Hg above the target. As a result of these measures,
stable motor responses from the target muscles of the right arm were

restored in 10 minutes. The D-wave amplitude varied within 20% dur-
ing the surgery, indicating a satisfactory functional state of the
descending pathways of the spinal cord.

At the end of the surgery, when we removed the rostral fragment
of the tumor during transcranial stimulation, the amplitude of motor
responses from the target muscles of the right arm decreased to
40% of the “base value” (before the surgery). There was a steady
decrease in the SSEP amplitude of 70–80% upon stimulation with
the left median nerve, right median nerve, left tibial nerve, and right
tibial nerve. The D-wave amplitude decreased to 50% of the initial
level. The registered changes in neurophysiological parameters
went beyond the acceptable risk range, which is why the neurosur-
geon decided to stop removing the tumor.

Postoperative T1-weighted spinal MRI confirmed subtotal resec-
tion and did not reveal any surgical complications (Fig. 4).

Postoperatively, the patient showed worsened motor weakness
of the right hand (1/5 on the right upper extremity proximal) and
decreased sensation in both hands. However, on the 5th day after
the surgery, the muscle strength in the right arm corresponded to
the preoperative level, bulbar disorders became less common, and
the patient was discharged.

The pathological examination revealed an ependymoma, grade
II. The level of Ki-67 proliferative activity was 1–3% (Fig. 5A–D). A
wait-and-see approach with patient follow-up was chosen.

Discussion
Observations

CME is a rare surgical pathology. Most often, CME occurs in the
fourth decade of life, with a ratio of men to women of 0.65–1.00/
1.00.2,4 For tumors with the predominant component located in the
medulla oblongata, the clinical picture of the disease is usually
characterized by dysfunction of the lower group of cranial nerves
with motor and sensory deficits. In cases of predominant spread of
the tumor along the cervical spinal cord, symptoms include signs of
cervical myelopathy.2,4,5 Local neck pain is also very common, and
hypertension symptoms are less common. The patient in this case

FIG. 1. MRI of the cervicothoracic spine with posterior cranial fossa before the surgery (T1-weighted with con-
trast enhancement). The solid component showed an intense enhancement on gadolinium. A: Sagittal view.
B: Coronal view. C: Axial view.
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had significant neurological deficits, spinal fragments of the tumor
prevailed, and motor disorders of the peripheral type in the proximal
parts of the arms dominated.

In most cases, CMEs are benign slow-growing tumors, and
patients have a long history of the disease.10 In a large series of
observations by Ge et al.2 and Li et al.,4 the duration of symptoms
prior to diagnosis was 1–72 months, with an average duration of

14.2–20.1 months, which reflects the slow growth of these tumors.
In our case, the duration of the disease history was approximately
12 months. Acute occurrence or increase in symptoms that could
indicate a hemorrhage in the tumor is not typical for CME. However,
Kutty et al.5 described a clinical case of a patient with an acute
onset of the disease in the form of sudden dysesthesia in the arms
and legs in which MRI of the brain and cervical spinal cord showed
a solid cystic CME with signs of hemorrhage.

The main treatment for CME is surgical removal of the tumor.
Several studies have shown that total removal of these tumors is
the most significant factor associated with a favorable prognosis of
the disease.2,4,5 In the case of a high risk of neurological deficit
with dense adhesion of the tumor to the brain and with significant
deterioration in IONM parameters, subtotal removal of the tumor is
preferable to prevent the increase in neurological symptoms in the

FIG. 4. MRI of the cervicothoracic spine with posterior cranial fossa
after surgery. Zone of accumulation of contrast material along the
upper pole in the zone of postoperative changes (level C1 of the verte-
bra) measuring 7� 5� 10 mm. Left: T2-weighted sagittal view.
Right: T1-weighted sagittal view with contrast enhancement.

FIG. 5. Histopathological examination shows grade II ependymoma.
A: Tumor cells with round nuclei and a “salt and pepper” type chroma-
tin distribution with the formation of intense perivascular pseudoro-
settes. Staining with hematoxylin and eosin, original magnification
�200. B: Glial fibrillary acidic protein cytoplasmic staining, original
magnification�200. C: Spot staining of the epithelial membrane anti-
gen in the rosette area, original magnification�200. D: Low prolifera-
tive activity shown by Ki-67, original magnification�200.

FIG. 3. Multipulse transcranial stimulation: M-responses from the left
arm muscles (tracks 1, 2, and 3). The M-responses from the muscles
of the right arm (tracks 4, 5, and 6), left leg (7), and right leg (8) were
not recorded. The left part of the panel is a stimulation artifact.

FIG. 2. Intraoperative images. A: Dissection of the cystic component
of the tumor in the medulla oblongata (arrow). B: Several midline inci-
sions were performed (arrows). C: Use of an ultrasonic disintegrator
to remove the tumor. D: Final view of the rostral part of the surgical
wound after removal of the tumor.
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postoperative period.2,5,11 In our case, there was an intense adhe-
sion of the rostral fragment of the tumor more to the right. During
removal of this part of the tumor, a significant decrease in the
amplitude of the D-wave and SSEP were observed; therefore, the
decision was made to carry out subtotal removal of the tumor.

The optimal time for performing surgery is controversial, espe-
cially for patients with small CMEs who have no neurological deficit
at the preoperative level or have only local pain in the cervical
spine (type 1 according to the modified McCormick Scale).10

According to a number of studies, it is better to perform the surgery
as early as possible.4,12

One can predict the opportunity for total removal of the tumor
using preoperative MRI data. A clear border between the tumor and
the brain must meet at least one of the following conditions: the
presence of a clear subarachnoid space between the tumor and
healthy spinal cord tissue according to T2-weighted MRI scans and
the smooth border between the tumor and the brain according to
T1-weighted images with contrast enhancement.2 There is no need
for direct surgical intervention for syringomyelic cysts that often
accompany CME.2,13

In the early postoperative course, 9–67% of patients may experi-
ence a deterioration in their neurological status.14–16 The need for
tracheotomy was reported in 10.7–28.9% of cases, and the need
for a nasogastric tube was reported in 21.4%.2,4 These manipula-
tions were temporary in all cases.2,4

In our clinical case, there were positive changes after the surgery
in the form of a decrease in the severity of dysphagia compared with
the preoperative level, and there were no respiratory disorders.

Total removal of the tumor results in the best possible outcome
of treatment.2,17,18 The size of the spinal tumor fragment may be a
significant prognostic factor. Patients with a larger tumor may have
a poorer outcome.19 In most cases, the spinal fragment of the CME
extends 1–2 cervical segments.2,4 In the present case, CME
extended to the level of the 6th cervical vertebral body, which is
extremely rare and significantly complicates the surgery.

A number of authors consider it necessary to conduct radiation
therapy in the postoperative period for subtotal removal of the
tumor.2,20 However, according to other researchers, adjuvant radia-
tion therapy does not improve overall patient survival.18 On the
basis of our observation, taking into account the histological image
(grade II) and the location of the residual tumor fragment, we pre-
ferred a wait-and-see approach with dynamic patient observation.

Lessons
CMEs are rare central nervous system tumors. The most impor-

tant favorable prognostic factor is total tumor removal, which is
potentially achievable in most cases due to the clear boundaries of
the tumor with surrounding tissues. Subtotal resection can be con-
sidered if the borders of the tumor are unclear and the result of
IONM is unfavorable. The role of postoperative radiation therapy in
the case of subtotal removal of the tumor, especially in CME grade
I/II, remains controversial.
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