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Abstract
Study Design: Prospective study.

Objective: Investigate factors associated with preoperative motor paresis, recovery, ambulatory status, and intraoperative
neurophysiological monitoring (IONM) among patients with no preoperative paresis (N group), complete preoperative motor
recovery (CR group), and no complete recovery (NCR group) in patients with intramedullary spinal cavernous hemangioma to
determine the optimal timing of surgery.

Methods: The study evaluated 41 surgical cases in our institute. Disease duration, tumor lesion, manual muscle testing (MMT),
and gait at onset, just before surgery, and final follow-up (FU), tumor and lesion volume, IONM, extent of tumor resection, and
tumor recurrence were evaluated among N, CR, and NCR groups.

Results: Motor paresis at onset was found in 26 patients (63%), with 42% of those in CR group. Disease duration from onset
negatively affected stable gait just before surgery and FU as well as lower preoperative MMT (P < .05). Thoracic tumors were
associated with patients with unstable gait before surgery (P < .05). Tumor volume was larger in NCR group (P < .05). IONM
significantly decreased in NCR and CR groups than in N group (P <.05). The NCR group had residual mild motor paresis at FU
(P < .05). Stable gait at FU was similar in N group and CR group, though lower in NCR group (P < .05).

Conclusions: Early surgery is generally recommended for thoracic tumors and large tumors during stable gait without motor
paresis before long disease duration. Surgery may be postponed until patients recover from preoperative motor paresis to allow
optimal surgical outcome. IONM should be carefully monitored in patients with a history of preoperative paresis even with
preoperative complete motor recovery.
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Introduction

Intramedullary cavernous hemangioma of the spinal cord is a
relatively rare spinal disease that previously accounted for 5%
of adult intramedullary spinal cord tumors." However, the
recent availability of magnetic resonance imaging (MRI) has
increased the number of patients diagnosed with spinal caver-
nous hemangioma, which now accounts for 20% of intrame-
dullary spinal cord tumors.? This disease often develops around
30 years of age.* Asymptomatic young people suddenly expe-
rience an intramedullary hemorrhage and develop neurological
symptoms and paresis without any prior warning.>® Some
patients recover from paresis due to spontaneous relief after
intramedullary hemorrhage, but others have persistent motor
paresis. The factors associated with preoperative motor recov-
ery have not been reported. With recent expansion of use of
MRYI, patients with neck and back pain who are almost neuro-
logically asymptomatic may be diagnosed radiographically
with intramedullary cavernous hemangioma.

The major aim of surgical treatment is complete resection of
the tumor and prevention of postoperative deterioration of
motor paresis, especially ambulatory ability. Recent introduc-
tion of intraoperative neurophysiological monitoring (IONM)
has contributed to prevention of postoperative paresis.” Tumor
resection can be easily completed when the wave is stable in
IONM, and this depends on preoperative muscle strength.
However, there is no consensus on the need for early surgery
for almost neurologically asymptomatic patients with intrame-
dullary cavernous hemangioma of the spinal cord. The relation-
ship between IONM and surgical outcomes in patients in whom
motor paresis recovered completely before surgery, and the
effect of waiting for preoperative motor recovery are also
unclear, which makes it difficult to determine the optimal tim-
ing of surgery for paralyzed patients. The objective of this
study was to compare the total resection rate under stable
IONM, postoperative motor function and ambulatory status
among patients without preoperative motor paresis, with
preoperative complete recovery from paresis, and with preo-
perative partial recovery from paresis. The study included an
investigation of disease duration, tumor level (cervical or thor-
acic), and tumor volume, with the goal of determining the
optimal timing of surgery for spinal cavernous hemangioma.

Patients and Methods

Forty-one patients underwent surgery for spinal cavernous
hemangioma with hemorrhage in our department. Our strategy
for this tumor is to recommend surgical resection, even if there
are no symptoms before surgery. All patients gave informed
consent, and the prospective study plan was approved by the
hospital ethics committee. The patients included 18 males and

23 females, with a mean age of 39 years (range = 20-72 years)
and a mean follow-up period of 10 years (range = 2-24 years).
There was a cervical lesion found in 17 cases and a thoracic
lesion in 24 cases. The mean duration of symptoms from onset
to initial visit of hospital was 20.1 + 26.2 (mean + standard
deviation) months. The study analyzed the motor paresis (man-
ual muscle testing [MMT]) and ambulatory ability just before
surgery, and at the final follow-up after surgery. Patients with
preoperative motor paresis were treated with conservative ther-
apy, including intravenous administration of steroids and reha-
bilitation to recover muscle strength for several months,
because good preoperative muscle strength is thought to
improve surgical outcomes. This approach was based on a
prospective protocol developed in our department. Ambulatory
ability was evaluated using the modified McCormick scale
(grade I = normal gait; II = mild gait disturbance not requiring
support; III = gait with support; IV = assistance required; and
V = wheelchair needed),® and McCormick grades I and II were
defined as stable gait with no support to walk in this study. The
extent of tumor resection was evaluated by categorizing it into
4 steps: total resection, subtotal resection, partial resection, and
biopsy. A total resection was attempted in all of the surgical
cases. We used the standard definition of total resection:
removal of 100% of the tumor based on no residual tumor
documented microscopically and on intraoperative ultrasono-
graphy at the end of the procedure. The procedure was consid-
ered to be subtotal resection when a small tumor fragment was
deliberately left in place, based on documented removal of 80%
to 99% of the tumor on intraoperative ultrasonography. We
performed subtotal resection in this series when intraoperative
evoked potential monitoring changes heralded impending neu-
rological paralysis. A 50% to 80% resection was defined as a
partial resection and <50% resection was defined as a biopsy.
In addition, the extent of resection was confirmed by using
MRI 1 month postoperatively. IONM was performed using
transcranial electrical stimulation motor-evoked potential mon-
itoring.” The operation was interrupted and the operative field
is filled with warm saline if a >70% decrease in amplitude was
detected as an alarm point of spinal cords damage.” The oper-
ation could be resumed when the waveform recovered.'® The
tumor was pathologically diagnosed postoperatively based on
the histological type.

Tumor volume and lesion volume were also analyzed.
Lesion volume was defined in this study as the area of hemor-
rhage and cyst around and within the tumor, excluding spinal
cord edema. These volumes were calculated in sagittal and
axial images on T2WI and contrasted TIWI at initial visit of
hospital using image J software.

These factors were compared between the groups with
and without paresis with a decrease of MMT over 1 grade
at onset (paresis [P] group and no paresis [N] group). The
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Table 1. Characteristics of 41
Cavernous Hemangioma.?

Patients With Intramedullary

Item Value
Age (years) 39 (20-72)
Duration of disease (months) 20.1 (1-112)

Cervical: 17 cases
Thoracic: 24 cases
Total: 90% (37 cases)
Subtotal: 5% (2 cases)
Partial: 5% (2 cases)
Deterioration of IONM (%) 24.4% (10 cases)
Stable ambulatory ability (McCormick | or II)
Onset 41.5% (17 cases)
Just before surgery 68.3% (28 cases)
Final follow-up 85.4% (35 cases)
History of preoperative paresis

Location of tumor

Amount of tumor resection

P group 63.4% (26 cases)
CR group: 42% (11/26 cases)
NCR group: 58% (15/26 cases)

N group 36.6% (I5 cases)

MMT of lower extremity

Onset 3.4 (0-5)

Just before surgery 4.2 (0-5)

Final follow-up 4.7 (2-5)

Volume analysis on MRI
Tumor volume (mm?3)
Lesion volume (mm?)

387.7 (549.3 SD)
1864.7 (2316.7 SD)

Abbreviations: SD, standard deviation; IONM, intraoperative neurophysiologi-
cal monitoring; P group, paresis group; N group, no paresis group; CR, com-
plete recovery; NCR, no complete recovery; MMT, manual muscle test; MRI,
magnetic resonance imaging.

?Data shows average value unless otherwise noted. Parentheses indicate min-
imum and maximum data unless otherwise noted.

P group was divided into those that showed complete preopera-
tive motor recovery (CR group) and no complete recovery
(NCR group).

A Pearson’s correlation coefficient, Mann-Whitney U test,
Kruskal-Wallis test, and Fisher’s exact test were used for sta-
tistical analysis. Probability values of less than .05 were con-
sidered to be statistically significant. All data is shown as mean
+ SD.

Results

The characteristics and surgical results in all patients are sum-
marized in Table 1. Total resection was performed in 37
patients (90%) and subtotal and partial resection in 2 patients
because of deterioration in IONM. Both patients with partial
resection developed intratumoral rebleeding following aggra-
vation of symptoms. The intratumoral rebleeding occurred 7
months and 4.5 years after surgery, respectively. The patient
that developed intratumoral rebleeding 7 months after surgery
recovered to McCormick I after a reoperation. The other patient
showed improved ambulatory ability once after the first sur-
gery but had paresis due to rebleeding from a residual tumor 4.5
years after surgery and rejected a reoperation and declined to
McCormick V. The rates for total resection and stable IONM

B
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p < 0.0001
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Figure 1. Comparison of patients with stable (McCormick | and Il)
and unstable gait just before surgery. (A) All patients with stable gait
just before surgery had stable gait at final follow-up (P < .0001). (B)
Patients with stable gait just before surgery had a significantly shorter
preoperative disease duration from onset (P < .05).

were significantly higher in patients with good preoperative
ambulatory ability (P < .01).

An amplitude reduction of >70% in IONM occurred in 10
cases (24.4%). The amplitude completely recovered during sur-
gery in 5 patients and recovered to 80% of the baseline control in
3 patients, but failed to recover in the remaining 2 patients. The
cases with complete intraoperative recovery of decreased ampli-
tude showed no postoperative aggravation in their MMT score,
but others showed postoperative aggravation. The recovery
period after surgery was longer in the cases without the recovery
of decreased amplitude during surgery, although all cases had
recovered from motor paresis at the final follow-up.

Ambulatory ability just before surgery was evaluated on the
McCormick scale and 19, 9, 3, 3, and 7 patients were classified
into grades I, II, III, IV, and V, respectively. Stable gait
(McCormick I and IT) was found in 28 cases (68%) just before
surgery compared to 17 cases (42%) at onset after preoperative
conservative treatment for paralyzed patients, and 35 cases
(85%) had stable gait at final follow-up (Table 1). An evalua-
tion of the relationship of ambulatory ability just before surgery
and that at final follow-up showed that 100% of patients with
stable gait just before surgery also had stable gait postopera-
tively, indicating that patients with good ambulatory ability just
before surgery had stable ambulatory ability with no support
required for walking after surgery (P < .0001; Figure 1A). A
significantly longer preoperative duration from onset was
found in patients with unstable gait just before surgery com-
pared to those with stable gait (P < .05; Figure 1B). A compar-
ison of patients with stable and unstable gait at final follow-up
revealed that those with unstable gait group at final follow-up
had a significantly longer disease duration and lower MMT
scores at onset and just before surgery (P < .05; Figure 2A and
B). MMT scores for the lower extremity are shown in Table 1.

Preoperative motor paresis at onset (P group) was found in
26 patients (63.4%), and the P group showed complete recov-
ery from motor paresis just before surgery (CR group) in 11
cases (42%). No complete recovery (NCR group) was observed
in 15 cases (58%; Table 1). A comparison of the P group and N
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Figure 2. Comparison of patients with stable (McCormick | and Il) and unstable gait at final follow-up. The preoperative disease duration from
onset was significantly shorter in patients with stable gait at final follow-up (A; P < .05). Preoperative MMT scores at onset and just before
surgery were significantly lower in patients with unstable gait at final follow-up (B; P < .05).
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Figure 3. Comparison of patients with cervical and thoracic lesions. Patients with thoracic lesions had a significantly higher rate of preoperative
motor paresis (A; P <.05), but the rate of complete preoperative motor recovery did not differ significantly between these groups (B). The rate
of stable gait just before surgery was significantly lower in patients with thoracic lesions than in those with cervical lesions (C; P < .05). The rate
of stable gait at final follow-up in patients with thoracic lesions was lower, but the difference was not significant (D).

group showed no significant association with age and disease
duration, but there were some significant differences
between cervical and thoracic lesions (Figure 3). More
patients in the P group had thoracic lesions than cervical
lesions (P < .05; Figure 3A), although the complete recov-
ery rate just before surgery in the P group was not signif-
icantly different in patients with cervical (57.1%) or
thoracic lesions (36.8%, P = .41; Figure 3B). The rate of
stable gait just before surgery was significantly lower in
those with thoracic lesions than in those with cervical

lesions (P < .05; Figure 3C). At final follow-up, the rate
of stable gait in thoracic lesions was still lower (74% in
patients with thoracic lesions vs 94% with cervical lesions),
but the difference was not significant (Figure 3D).

The tumor volume had significant negative correlation with
MMT just before surgery (r = —0.821, P < .001) and with
MMT at the final follow-up (r = —0.745, P < .001). The
unstable gait group just before surgery had significantly larger
tumor volume than the stable gait group just before surgery
(942.0 + 927.7 mm® and 276.9 + 380.0 mm> respectively,
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Table 2. Preoperative Difference in the Characteristics of the CR and
NCR Groups.

CR NCR
Group SD Group SD P

Age (years) 386 172 439 165 P=.30
Disease duration (months) 108 129 341 36.0 P<.05
MMT of lower extremity 28 098 20 I.I P=.054

at onset
Period for complete 1.7 1.2 —

preoperative recovery of

motor paresis from

onset (months)
Preoperative period from — 27.1 345 —

motor paresis (months)

Abbreviations: CR, complete recovery; NCR, no complete recovery; SD, stan-
dard deviation; MMT, manual muscle test.

P < .01), though there was no significant difference of the
tumor volume in the gait status at final follow-up. The lesion
volume had no significant correlation and difference with these
factors. The tumor volume and lesion volume had no signifi-
cant correlation in age and MMT at onset, and no significant
difference in tumor location (cervical or thoracic lesion), gait
status at onset, and IONM deterioration.

The CR group and NCR group are compared in Table 2.
There is no significant association with the age, but the disease
duration was significantly longer (P <.05) and MMT score was
lower (P = .054) in the NCR group than in the CR group. The
average period for the complete preoperative recovery of motor
paresis in the CR group was 1.7 + 1.2 months (0.5 to 4
months), although the preoperative period from motor paresis
was 27.1 + 34.5 months in the NCR group.

The radiographic volume of tumor and lesion, the deteriora-
tion rate of IONM, MMT at final follow-up, and the rate of
stable gait at final follow-up in the 3 groups (N, CR, and NCR
groups) are compared in Figure 4. The tumor volume in the
NCR group was significantly larger than those in the CR group
(P <.05; Figure 4A), but the lesion volume including cysts and
hemorrhage were not significantly different (Figure 4B).
IONM significantly decreased in the NCR and CR groups in
comparison to the N group, in spite of complete recovery from
motor paresis before surgery in the CR group (P < .05; Figure
4C). The MMT score was full in the N and CR groups, whereas
the NCR group had residual mild motor paresis at the final
follow-up of an average 10 years (P < .05; Figure 4D). The
rate of stable gait at the final follow-up was almost same in
the N and CR groups, although it was significantly lower in the
NCR group (P < .05; Figure 4E).

Discussion

Early Surgery for Asymptomatic Patients With a Thoracic
or Large Tumor

An intramedullary spinal cord tumor is relatively rare, but the
increasing use of MRI is resulting in incidental detection of

these tumors in asymptomatic patients, thus increasing the
number of cases.'' Spinal cavernous hemangioma develops
intratumoral hemorrhage, and symptoms such as motor par-
esis may be spontaneously relieved. However, 66% of
patients with symptoms experience recurrent bleeding.>'?
It is likely that repeated hemorrhage gradually slows recov-
ery, resulting in the risk of irreversible loss of ambulatory
ability. Early surgical intervention is recommended for a
good surgical outcome,'*"'* and patients with a preoperative
stable gait were significantly more likely to have a post-
operative stable gait in this study. However, the factors for
choosing early surgery in asymptomatic cases or patients
with mild symptoms are poorly defined. A long disease
duration (average 4.5 years) was significantly associated
with an unstable gait at final follow-up in this study (Figure
2A). Similarly, Steiger et al found that the postoperative
course is unsatisfactory in patients with a long history of
symptoms'' and suggested that patients with symptoms for
more than 3 years fared worse than patients with a shorter
period of symptoms.' In the current study, data for preo-
perative motor paresis recovery showed that the NCR group
had a significantly longer disease duration and lower MMT
than those of the CR group (Table 2). Therefore, patients
with mild symptoms should undergo early surgery for main-
tenance of a stable gait.

There is no consensus on whether asymptomatic patients
need early surgery because of the benign pathology of this
tumor. This study revealed that patients with preoperative
motor paresis had significantly more thoracic tumors (Fig-
ure 3A), whereas there was no association with age and
disease duration. Patients with a thoracic tumor had a sig-
nificantly higher rate of preoperative unstable gait, which
resulted in a reduced rate of stable gait at final follow-up
(Figure 3C and D). The more severe preoperative symptom
and poor surgical results associated with thoracic lesions
may be because the thoracic spinal cord is in the
watershed area'®!” of the spinal circulation, which is vul-
nerable to compressive and ischemic damage. Therefore,
early surgery is recommended for patients with a thoracic
tumor before they develop preoperative motor paresis, even
if they are asymptomatic. In addition, the NCR group had
significantly larger tumors than the CR group (Figure 4A),
which shows that patients with a large tumor recovered
poorly from preoperative motor paralysis. Therefore, it
may be difficult to improve preoperative motor paresis in
patients with large tumors associated with preoperative
motor paresis. Furthermore, the tumor volume in the NCR
group was over twice that in the N group (Figure 4A), and
the lesion volume including hemorrhage and cyst around
and within the tumor in the NCR group was over twice
those in the N and CR groups (Figure 4B), although with-
out significant differences because of the small number of
cases. From these results, we recommend that patients with
a large tumor or large lesion should undergo early surgery
before onset of preoperative motor paresis, even if the
patients are asymptomatic.
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Figure 4. Comparison of radiographic tumor and lesion volumes, deterioration of IONM, MMT at final follow-up, and stable gait at final follow-
up among the N, CR, NCR groups. (A) The tumor volume in the NCR group was significantly larger than those in the CR group (P <.05), and the
lesion volume including cyst and hemorrhage were largest in the NCR group, but the difference was not significant (B). (C) IONM significantly
decreased in the NCR and CR groups in comparison to the N group, despite complete recovery from motor paresis before surgery in the CR
group (P <.05). (D) The NCR group had residual mild motor paresis at final follow-up, although the MMT score was a maximum in the N and CR
groups (P < .05). (E) The rate of stable gait at final follow-up was almost the same in the N and CR groups, and significantly lower in the NCR

group (P < .05).

Effect of Preoperative Waiting on Resolution of Motor
Paresis for a Good Surgical Outcome

Patients with spinal cavernous hemangioma develop motor
paresis with intratumoral hemorrhage, but some show motor
recovery several months before surgery. As indicated above,
we believe that early surgery is important, even for a patient
who is asymptomatic. However, in a case with preoperative

paresis, there is no consensus on whether preoperative conser-
vative therapy for resolution of motor paresis is effective for a
good surgical outcome. The current study showed complete
recovery from preoperative motor paresis in only 42% of
patients (11/26 cases). No study has compared the surgical
results, MMT scores, IONM, and tumor volume between
patients with no preoperative paresis (N group), those with
complete recovery from preoperative motor paresis (CR
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group), and those with residual preoperative motor paresis
(NCR group). Patients with preoperative motor paresis were
treated with intravenous administration of steroids and rehabi-
litation, in order to recover muscle strength immediately before
surgery. This treatment is based on the concept that tumor
resection should be conducted after damage to the spinal cord
is reduced as much as possible before surgery because the
surgery will cause some damage to the spinal cord. Figure 4
shows that the NCR group had significantly higher deteriora-
tion of IONM, a lower MMT score, and unstable gait at final
follow-up. On the other hand, the CR group had a maximum
MMT score and stable gait at final follow-up, which is com-
parable to the surgical results for the N group. This data indi-
cates that the CR group had superior recovery of muscle paresis
and stable gait at final follow-up. Therefore, preoperative wait-
ing for motor recovery is feasible. The preoperative time for
motor recovery was not defined, but the CR group needed an
average of 1.7 months (2 weeks to 4 months) for complete
motor recovery. Surgery is recommended during the plateau
of the recovery process over the course of several months.

Deterioration in IONM in Patients With Preoperative
Motor Paresis and Muscle Strength Recovery Just
Before Surgery

Total resection is recommended while patients have good ambu-
latory ability because rebleeding from residual hemangioma
often occurs.'>'® Both patients with partial resection of heman-
gioma had rebleeding in this study. Good preoperative ambula-
tory ability was associated with good postoperative ambulatory
ability and with a high rate of total resection and stable IONM in
this study. Cavernous hemangioma sometimes has a capillary-
like structure without a large feeder or draining vessel and is
considered to be a hamartoma rather than a vascular tumor.'”
Gliosis forms around a hemangioma and allows total resection
with minimal damage to the spinal cord. Therefore, complete
resection of a spinal cavernous hemangioma with minimum
surgical damage to the spinal cord may be possible, and there
is no need for concern about postoperative worsening of ambu-
latory ability in patients with minor symptoms. In contrast, sur-
gery in a patient with poor ambulatory ability cannot be expected
to achieve remarkable postoperative improvement due to the
irreversible preoperative damage to the spinal cord. This study
found that the patients with preoperative motor paresis showed a
decrease in the amplitude in IONM although they had com-
pletely recovered muscle strength just before surgery (Figure
4C). It is assumed that the severely damaged spinal cord had
reduced plasticity, even though the patients appeared to recover
their muscle strength, and consequently, had a greater tendency
to be damaged during surgery. Surgery after the recovery of
muscle strength is an effective treatment for patients with spinal
cavernous hemangioma; however, surgeons should monitor for
any decrease in the amplitude in IONM and careful surgical
procedures are required for these patients, even if they have
completely recovered muscle strength just before surgery.

This study has some limitations due to the small number of
cases, which may have prevented significance being found in
some of the analyses. A large-scale randomized controlled trial
with early and delayed surgery is required to determine the
optimal surgical timing. However, intramedullary spinal cord
cavernous hemangioma is rare and such a randomized con-
trolled trial may be difficult to conduct. Within this limitation,
this is the first study to compare surgical outcomes, MMT
scores, IONM, and tumor volume among patients with no pre-
operative paresis, with complete recovery from preoperative
motor paresis, and with preoperative residual motor paresis.
The results suggest that early surgery is advantageous for
asymptomatic patients or those without preoperative motor
paresis, but that preoperative waiting for resolution of motor
paresis improves outcomes in patients with preoperative
motor paresis.

Conclusion

Early surgery is generally recommended for thoracic tumors
and large tumors during stable gait without motor paresis
before long disease duration, even if the patients are asympto-
matic or have mild symptoms. Surgery for patients with pre-
operative motor paresis at onset may be postponed for several
months to allow preoperative motor recovery, which may
improve the surgical outcome, and complete motor recovery
before surgery can be advantageous in patients with a short
disease duration, mild motor paresis, and small tumor and
lesion volumes. Total resection of this tumor is required
because of the high incidence of rebleeding after partial resec-
tion, but careful IONM and surgical procedures are needed,
even if patients have complete recovery of muscle strength just
before surgery because IONMs are more easily aggravated than
those in patients who did not have motor paresis before surgery.

Acknowledgments

The authors appreciate Ms Saho Horiuchi, Ms Erika Takano, and Ms
Marie Miyazaki for their assistance throughout this study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Spetzger U, Gilsbach JM, Bertalanffy H. Cavernous angiomas of
the spinal cord clinical presentation, surgical strategy, and post-
operative results. Acta Neurochir (Wien). 1995;134:200-206.

2. Santoro A, Piccirilli M, Frati A, et al. Intramedullary spinal cord
cavernous malformations: report of ten new cases. Neurosurg
Rev. 2004;27:93-98.



Imagama et al

253

10.

. Jallo GI, Freed D, Zareck M, Epstein F, Kothbauer KF. Clinical

presentation and optimal management for intramedullary caver-
nous malformations. Neurosurg Focus. 2006;21:¢10.

. Ogilvy CS, Louis DN, Ojemann RG. Intramedullary cavernous

angiomas of the spinal cord: clinical presentation, pathological
features, and surgical management. Neurosurgery. 1992;31:
219-229.

. Aoyagi N, Kojima K, Kasai H. Review of spinal epidural caver-

nous hemangioma. Neurol Med Chir. 2003;43:471-475.

. Zevgaridis D, Buttner A, Weis S, Hamburger C, Reulen HJ.

Spinal epidural cavernous hemangiomas. Report of three cases
and review of the literature. J Neurosurg. 1998;88:903-908.

. Muramoto A, Imagama S, Ito Z, et al. The cutoff amplitude of

transcranial motor evoked potentials for transient postoperative
motor deficits in intramedullary spinal cord tumor surgery. Spine
(Phila Pa 1976). 2014;39:E1086-E1094.

. McCormick PC, Michelsen W, Post KD, Carmel PW, Stein BM.

Cavernous malformations of the spinal cord. Neurosurgery. 1988;
23:459-463.

. Kobayashi S, Matsuyama Y, Shinomiya K, et al. A new alarm

point of transcranial electrical stimulation motor evoked poten-
tials for intraoperative spinal cord monitoring: a prospective mul-
ticenter study from the Spinal Cord Monitoring Working Group of
the Japanese Society for Spine Surgery and Related Research. J
Neurosurg Spine. 2014;20:102-107.

Matsuyama Y, Sakai Y, Katayama Y, et al. Surgical results of
intramedullary spinal cord tumor with spinal cord monitoring to
guide extent of resection. J Neurosurg Spine. 2009;10:404-413.

. Steiger HJ, Turowski B, Hanggi D. Prognostic factors for the

outcome of surgical and conservative treatment of symptomatic

12.

13.

14.

15.

19.

spinal cord cavernous malformations: a review of a series of 20
patients. Neurosurg Focus. 2010;29(3):E13.

Sandalcioglu IE, Wiedemayer H, Gasser T, Asgari S, Engelhorn
T, Stolke D. Intramedullary spinal cord cavernous malformations:
clinical features and risk of hemorrhage. Neurosurg Rev. 2003;26:
253-256.

Badhiwala JH, Farrokhyar F, Alhazzani W, et al. Surgical out-
comes and natural history of intramedullary spinal cord cavernous
malformations: a single-center series and meta-analysis of indi-
vidual patient data: Clinic article. J Neurosurg Spine. 2014;21:
662-676.

Aoyama T, Hida K, Houkin K. Intramedullary cavernous angio-
mas of the spinal cord: clinical characteristics of 13 lesions. Neu-
rol Med Chir. 2011;51:561-566.

Zevgaridis D, Medele RJ, Hamburger C, Steiger HJ, Reulen HJ.
Cavernous haemangiomas of the spinal cord. A review of 117
cases. Acta Neurochir (Wien). 1999;141:237-245.

. Gailloud P, Gregg L, Galan P, Becker D, Pardo C. Periconal

arterial anastomotic circle and posterior lumbosacral
watershed zone of the spinal cord. J Neurointerv Surg.
2015;7:848-853.

. Mettler FA. Neuroanatomy. 2nd ed. St Louis, MO: CV Mosby;

1948.

. Vishteh AG, Zabramski JM, Spetzler RF. Patients with spinal

cord cavernous malformations are at an increased risk for multiple
neuraxis cavernous malformations. Neurosurgery. 1999;45:
30-32.

Kondziella D, Brodersen P, Laursen H, Hansen K. Cavernous
hemangioma of the spinal cord—conservative or operative man-
agement? Acta Neurol Scand. 2006;114:287-290.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


