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- ABSTRACT -

Surgical treatment of carvenous malformation in spinal cord
Intramedullary CMs accounts for approximately 3-5% of all CMs of the CNS and 5%–12% of all spinal
cord vascular lesions. The decision between conservative management and surgical treatment of
intramedullary CMs is discussed controversially and the opinions diverge. The choice of microsurgical
treatment of symptomatic intramedullary CMs is usually made on a case-by-case basis, considering the
neurological complaints, general condition and the level of suffering of the patients as well as the surgical
accessibility.
Patients with spinal intramedullary CM were enrolled who treated with surgical resection in the
department of neurosurgery at our single institute between March 2007 and March 2012, retrospectively.
Clinical presentation was determined using the Ogilvy classification and symptoms were evaluated on the
McCormick scale.
Laminoplastic laminotomies were performed for 7 patients and a one level corpectomy was performed for
1 patient. Six patients (75%) had dorsally located lesions, whereas 2 patients (25%) had ventrally located
lesions. Complete microsurgical resections were done in all patients. In terms of outcome as assessed
according to the McCormick classification, 4 patients (50%) had stable outcome, 3 patients (37.5%) had
improved outcome, and 1 patient (12.5%) had worsened outcome.
Clinical presentation based on Ogilvy’s classification at presentation showed 3 cases manifested as acute
episodes of stepwise neurological deterioration (class 1), 1 case as slow progression of neurological
deterioration (class 2), and 4 cases as acute onset of neurological deterioration with rapid decline (class 3).
Four patients had history of acute bleeding within 1 month before surgery and 3 patients (75%) among those
4 patients clinically presented Ogilvy class 3.
In Group I (early resection), the average McCormick classification at follow-up was 3.25 
0.5, which
was clinically improved compared with 3.0 
0.8 before surgery. However, this was not

statistically

significant (p > 0.05). In Group II (delayed resection), the average McCormick classification at follow-up
was 2.5 
0.5, which was statistically improved compared with 1.5 
0.5 before surgery (p < 0.05).
The average preoperative VAS score for pain was 7.8 


range 5-9). VAS score was improved up to 2.5

1.3 right after the surgery and well maintained until final follow-up (2.6  1.4). The average VAS scores
at immediate postoperative and follow-up were statistically improved compared preoperative VAS score (p <
0.05).
The principal feasibility of surgical treatment has been accepted to complete resection because recurrent
episodes of bleeding raise the risk for neurological deterioration and surgery for satisfaction of long-term
results. Nevertheless limitation of small number of cases, our study had reviewed considerations of surgery
for CM. We suggest that a full understanding of clinical manifestations, optimal surgical timing and
complete resection of intramedullary CM can guide to make a favorable clinical outcome.
Keyword: Cavernous malformation, Intramedullary, Cavernous angioma
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Introduction
Cavernous malformations (CMs) are angiographically occult, well-circumscribed lesions that consist of
closely packed, capillary-like vessels, without intervening brain or spinal tissue.9, 11, 13, 22, 30) Spinal CMs can
occur along the neuraxis and are predominantly located intramedullary. However, exophytic growth and
extradural CMs are reported as well .23) Incidence of CM was found 0.4~0.53% by prospective autopsy series
in central nerve system (CNS).1-2, 5, 17, 22, 28) Intramedullary CMs accounts for approximately 3-5% of all CMs
of the CNS and 5%–12% of all spinal cord vascular lesions.11, 13, 15, 17, 26, 30) Clinically, their natural history
and risk of hemorrhage remain unclear.30) After the application of Magnetic resonance image (MRI),
intramedullary CMs are increasingly being diagnosed in patients with varying spinal cord related symptoms
or pain syndromes.19, 22) Spinal intramedullary CMs are clinically more aggressive than their intracranial
counterparts.11) Due to space occupying growth, recurrent micro-bleeding or significant hemorrhage spinal
CMs can lead to severe neurological deteriorations, such as progressive myelopathy and right up to
paraplegia, unlike their intracranial counterparts. The latter typically presents with progressive focal
neurological deficits and haemorrhage, whereas the risk of significant hemorrhage like other vascular
malformations is considered to be low due to the low venous pressure.1-2, 5, 9, 11, 13, 17, 19, 22)
The decision between conservative management and surgical treatment of intramedullary CMs is
discussed controversially and the opinions diverge. The choice of microsurgical treatment of symptomatic
intramedullary CMs is usually made on a case-by-case basis, considering the neurological complaints,
general condition and the level of suffering of the patients as well as the surgical accessibility.19)
The aim of this study was to present data of microsurgically treated patients with symptomatic
intramedullary CMs in our department and to discuss about the optimal surgical timing according to clinical
manifestations.

Methods
Study design and data collection
Patients with spinal intramedullary CM were enrolled who treated with surgical resection in the department
of neurosurgery at our single institute between March 2007 and March 2012. The medical records,
radiographic images, intraoperative photographs, neurologic examinations, preoperative and postoperative
clinical findings of all patients were reviewed retrospectively. The diagnosis was made in all patients after
the onset of clinical symptoms. All patients had a single, monofocal intramedullary pathology and no family
history. We include the patients with acute episode of hemorrhage and neurological deteriorations. We did
not include asymptomatic lesions diagnosed in patients with multiple cavernomas.
Evaluation method
8

Clinical presentation was determined using the Ogilvy classification and symptoms were evaluated on the
McCormick scale. Ogilvy classification distinguishes 4 clinical presentation, as follows : 1. acute episode of
stepwise neurological deterioration; 2. Slow progression of neurological deterioration; 3. Acute onset of
neurological deterioration with rapid decline; 4. Acute onset of mild symptoms of neurological deterioration
with gradual decline over weeks to months.26) (Table 1) The McCormick classification distinguishes 4
functional stages, as follows: Grade 1 denotes neurologically normal, mild focal deficit not significantly
affecting function of involved limb, and normal gait; Grade 2 a sensorimotor deficit affecting function of the
involved limb, mild to moderate gait difficulty, although patient still can walk independently; Grade 3
designates more severe neurological deficiencies, patient requires a cane/brace for ambulation, and may or
may not be independent; Grade 4, signifies severe deficit, patient requires wheelchair or has bilateral upperextremity impairment, and usually is not independent.10) (Table 2)
We evaluated clinical outcomes and postoperative complications at 1 month, 2 month, 6 month and every 6
month after the surgery. Preoperative and final follow-up Visual Analog Scales (VAS) for pain were
prospectively collected and used in this analysis. The measurement was assessed using a 10-point VAS with
endpoint anchors of no pain (0 point) and severe pain (10 point).
We divided the patients into two groups according to the surgical timing of intramedullary CMs consider
Group I (early resection) included the patients who underwent surgical resection of the lesion within 4 weeks
from the presentation of symptoms. Group II (delayed resection) included the patients who underwent
surgical resection of the lesion 4 weeks later after the presentation of symptoms. Statistical analysis was
performed using the Student t-test method, with p < 0.05 deemed as significant.
Table 1. Ogilvy classification
1

acute episode of stepwise neurological deterioration

2

Slow progression of neurological deterioration

3

Acute onset of neurological deterioration with rapid decline

4

Acute onset of mild symptoms of neurological deterioration with gradual decline over
weeks to months

Table 2. McCormick Grade
Grade 1

neurologically normal, mild focal deficit not significantly affecting function of involved
limb, and normal gait

Grade 2

sensorimotor deficit affecting function of the involved limb, mild to moderate gait
difficulty, although patient still can walk independently

Grade 3

more severe neurological deficiencies, patient requires a cane/brace for ambulation, and
may or may not be independent

Grade 4

severe deficit, patient requires wheelchair or has bilateral upper-extremity impairment,
and usually is not independent
9

Surgical technique
Seven patients with dorsal or ventral lesions underwent posterior approach followed by laminoplastic
laminotomy and 1 patient with ventral lesions underwent anterior approach followed by corpectomy.
For the posterior approach, (Figure 1) the patient was placed prone on the operating room table without
the head fixation and electrophysiological monitoring was used in all most patients. Midline incision was
made spanning the affected levels. Laminotomy was performed overlying the area of interest and extending a
single spinal level above and below the lesion for lateral and ventral lesions. With microscopic assistance,
Small myelotomy with sufficient opening of the pia over the suspected area was done to access the lesion
directly after midline dural incisions and resection of lesion was done. For ventrolateral lesion, division of
dentate ligament allowing gentle rotation of the spinal cord with of 6-0 silk sutures holding. For lesions that
come to the surface, incisions were made overlying the lesion by bi-polor coagulation. Micorbrunt-hook was
used to separate the CM from the surrounding tissue. For lesions with a hematoma component, the
hematoma was drained to decompress the spinal cord at this time. The CM was pulled into the center of the
cavity and separated from the surrounding spinal cord. After inspection for residual malformation, the gliotic,
hemosiderin-stained walls were left. The lesion bed was carefully examined after resection to avoid residual
caverns, a common cause of recurrence. The dura mater was closed by automatic stamp and laminoplasty
was done.

Fig. 1. Delayed resection A : Sagittal T2-weighted MR image showed intralesional hemorrhage with cord
swelling in cervical segment. B : Axial MR image showed the lesion with hemorrhage located in the left
lateral-dorsal portion of spinal cord. C : intraoperative photograph showed removing a part of the lesion
10

For the anterior approach, the patient was placed supine and 1 level corpectomy was done. With
microscopic assistance, Small myelotomy over the suspected area was done to access the lesion directly after
midline dural incisions and resection of lesion was done as mentioned above.
Result
Between March 2007 and March 2012, 8 patients were performed resection of CM at our institute were
pathologically proven to CM. The patient profiles are presented in Table 3. Four patients were men and 4
patients were women with a mean age of 39.8 years (range 7-81 years) at presentation. Male/ female ratio
was equal. The average follow-up period was 39.7 months (range 15-71 months).
The most common presenting symptoms were motor weakness (62.5%), sensory deficit (37.5%) and
dysesthesia (12.5%). All patients suffered from progressive clinical symptoms and signs. Average duration
of clinical symptoms was 8.6 months (range 1-18 months). The lesions were located in the thoracic region in
50% of the patients, in the cervical region in 40% and in the cervicothoracic region in 10%. All lesions
involved a single level and the average lesion size was 8.1mm (range 0.7–1.1 mm).
Laminoplastic laminotomies were performed for 7 patients and a one level corpectomy was performed for
1 patient. Six patients (75%) had dorsally located lesions, whereas 2 patients (25%) had ventrally located
lesions. Complete microsurgical resections were done in all patients. In terms of outcome as assessed
according to the McCormick classification, 4 patients (50%) had stable outcome, 3 patients (37.5%) had
improved outcome, and 1 patient (12.5%) had worsened outcome.
Clinical presentation based on Ogilvy’s classification at presentation showed 3 cases manifested as acute
episodes of stepwise neurological deterioration (class 1), 1 case as slow progression of neurological
deterioration (class 2), and 4 cases as acute onset of neurological deterioration with rapid decline (class 3).
Four patients had history of acute bleeding within 1 month before surgery and 3 patients (75%) among those
4 patients clinically presented Ogilvy class 3.
The average McCormick classification at follow-up was 2.30 ± 
1.0, which was clinically improved
compared with 3.0 ± 
0.7 before surgery. However, this was not statistically significant (p > 0.05). There was
a slight worsening of the McCormick grade at postoperative assessment (3.0 ± 1.0), this did not reach
significance compared with the preoperative state (p > 0.05). The McCormick grade got worse in 1 patient
who was paraplegic postoperatively.
In Group I (early resection), the average McCormick classification at follow-up was 3.0 ± 
0.8, which was
clinically improved compared with 3.25 ± 
0.5 before surgery. However, this was not

statistically

significant (p > 0.05). In Group II (delayed resection), the average McCormick classification at follow-up
was 1.5 ± 
0.5, which was statistically improved compared with 2.5 ± 
0.5 before surgery (p < 0.05).
The average preoperative VAS score for pain was 7.8 ± 1.5 (
range 5-9). VAS score was improved up to

2.5 ± 
1.3 right after the surgery and well maintained until final follow-up (2.6 ± 1.4). The average VAS
11

scores at immediate postoperative and follow-up were statistically improved compared preoperative VAS
score (p < 0.05).
Number of bleeding episode was not statistically correlated with clinical manifestations and outcomes (p >
0.05). There was no complication and kyphosis in all patients during the follow-up period.
In Takeshi et al., the average McCormick classification at follow-up was 1.85 ± 
0.5, which was clinically
improved compared with 2.30 ± 
0.5 before surgery.36) However, this was not statistically significant (p >
0.05). In our study, the average McCormick classification at follow-up was 2.30 ± 
1.0, which was
statistically improved compared with 3.0 ± 
0.7 before surgery (p < 0.05).
Table 3. Summary of 8 patients with intraspinal CM
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No. : number, M : male, F : female, Pre-post- F/U : preoperative-postoperative-follow-up, CR : complete
microsurgical resection

Discussion
CMs can occur throughout the central nervous system, but are most commonly located in the
supratentorial compartment.11) The intramedullary location is relatively rare, but recent MR imaging studies
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have demonstrated that lesions in this region are more common than originally thought.7, 19, 22) It is likely that
the myelopathy previously diagnosed as idiopathic was caused by these intraspinal CMs, because these
lesions were difficult to identify on computed tomography and myelography studies.6)

Intraspinal spinal

cord CMs are rare entities and account for approximately 5% of all CMs. .34) Patients without a family
history of intraspinal CMs are more likely to present at an earlier age of onset than those with a family
history.18, 36) Although a prevalence of females has been described in the literature with a female/male ratio
of 2:1,27,

33, 41)

Deutsch and coworkers described a female/male ratio of 1:1.5) There was no female

predominance and female/male ratio was 1:1 in our study. Although spinal CMs have been identified in all
age groups, symptomatic cases tend to be diagnosed in the 3rd to 4th decades of life.24) A mean age at
presentation was 39.8 years in our study. Our result was consisted with what the recent literatures said.
Patients may have a diagnosis of asymptomatic intramedullary CM, although the classic presentation is
either acute or chronic progressive clinical symptoms. Pathological studies have shown that CMs are
composed of an aberrant ultrastructure and are characterized by thin-walled sinusoidal vascular channels that
are dilated and contiguous.29, 35, 38) Repetitive intra- or paralesional microhemorrhages usually lead to slow
growth over years and intermittent or chronic progressive symptoms are the normal course of the disease.8, 25,
32, 42)

Thrombotic venous occlusion, compression of draining vessels, or sudden rupture of the amuscular wall

with extralesional hematoma can lead to an acute increase in volume and sudden onset of clinical symptoms.
Nevertheless, rapid clinical deterioration including sudden paraparesis or tetraparesis generally is a rare
event and usually caused by massive space occupying bleeding in about 70% and acute decompensation due
to mass effect, with previous minor.

3, 12, 14, 20)

However, some patients have a combined presentation in

which an acute deterioration is followed by neurological improvement. Subsequently, a gradual decline in
function and worsening myelopathy occurs, which may be punctuated with recurrent acute hemorrhages.
Although frequency of bleeding can deteriorate the clinical presentations, this is not statistically correlated
with clinical outcomes and prognosis in our study.
CMs must remain in the differential diagnosis of intradural intramedullary lesions. The deposition of
hemosiderin resulting in a hypointense rim around a mixed signal intensity leads to the pathognomonic
appearance of CMs on T2-weighted MR imaging.6, 37) Infrequently, they may take a more homogeneous
hyper- or hypointense appearance.37) In 24 (34%) of 70 patients (range 0–94% per series) in 6 series, venous
malformations were observed. 1, 4, 31, 39-40) Distinguishing CMs from multiple sclerosis on MR imaging can be
difficult because inactive lesions may not enhance and can demonstrate mixed or hyperintense signal
intensity. Clinical histories of progressive or recurrent episodes of the neurological decline seen with CMs
also mimic multiple sclerosis; however, a distinguishing feature for these lesions in contrast to multiple
sclerosis is a symptomatology that is referable to only 1 location of the neuraxis.9) In addition, demyelinating
lesions will more consistently respond to steroids and tend to have more rapid changes in appearance on
serial imaging. The broader differential includes spinal ependymomas, astrocytomas, metastatic disease,
hemangioblastomas, spinal arteriovenous malformations (AVMs), and transverse myelitis. A lack of
13

enhancement can help distinguish CMs from most of these lesions, and cranial MR imaging demonstrating
additional CMs can also help elucidate the diagnosis. Angiography will facilitate the diagnosis of a spinal
AVM or hemangioblastoma.9)
Gross et al. recently suggested management algorithm for spinal intramedullary CMs according to the
modes of clinical presentations and MR findings.9) Once spinal CM is diagnosed, the decision for
microsurgical removal of spinal CMs of the slow progressive type is made individually due to variance of
clinical constellations and the level of suffering. Possible postoperative morbidity and long-term prognosis
should be considered exactly, when patients are advised and prepared for surgery. In contrast to this, surgical
procedure in the cases of acute neurological deterioration is clearly indicated in the early stage.
The principal feasibility of surgical treatment has been accepted to complete resection. Because recurrent
episodes of bleeding raise the risk for neurological deterioration and surgery for satisfaction of long-term
results.26, 31) This hemorrhage rate for symptomatic intramedullary CMs has been reported as 1.4 to 4.5% per
year.30, 42)

16)

CMs have a significant rebleeding rate associated with further neurological decline. These

vascular malformations lead to a progressive myelopathy that can be arrested by surgery.39) The neurological
decline secondary to chronic myelopathy is not as reversible as the acute presentation, although others have
reported general improvement in neurological function in all patients.2, 11, 21, 30, 34, 41) It may be that the
recurrent hemorrhages irritate the normal spinal cord, so that it becomes gliotic and edematous. There are no
alternatives in the treatment of CMs; surgery is the mainstay treatment
Optimal time for surgery is another critical factor to make a favorable clinical outcome. There are some
argues for a posthemorrhagic effect that induces dysesthesia that is probably associated with perturbation to
the spinothalamic tract, and may suggest that early surgical intervention may be important to prevent this
pain syndrome, contrary to a previous study in which an optimal time for surgery of 4–6 weeks after
hemorrhage was suggested.18, 42) In our series, massive intramedullary hemorrhages with cord swelling were
seen in 2 patient. (Figure 2) Early surgical interventions were needed because they presented rapid
neurologic deterioration. However, early surgical intervention has several risk features. The lesion is poorly
demarcated from normal neural tissue. Surgical dissection and retraction are not easy to achieve because of
extensive intramedullary hemorrhage and surrounding cord edema. During surgery total resection should be
done to prevent recurrence and re-bleeding under preservation of the venous anomaly to avoid postoperative
edema and thereby associated neurological deterioration. Incomplete surgical resection and additional
injuries to spinal cord can be happened because of those conditions and good clinical outcome can not be
expected. Our study showed statistical improvement of neurological status in Group II (delayed resection).
This emphasizes that optimal surgical timing is important to make a favorable postoperative outcome.
Possibly some patients can be treated conservatively, but prediction of re-bleeding and its result is difficult.
Therefore we suggest that decision of operation was delayed for 4 weeks during conservative care.
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Fig.2. Early resection A : Sagittal T2-weighted MR image showed massive intramedullary hemorrhage with
cord swelling in cervical segment. B, C: Axial MR images showed the lesion with hemorrhage located in the
right lateral-dorsal portion of spinal cord. C : intraoperative photograph showed blood-tinged neural tissue
with cavity which was creasted after removal of CM
Conclusion
The intramedullary CM is a relatively rare spinal lesion which has various clinical presentations. The
principal feasibility of surgical treatment has been accepted to complete resection because recurrent episodes
of bleeding raise the risk for neurological deterioration and surgery for satisfaction of long-term results.
Nevertheless limitation of small number of cases, our study had reviewed considerations of surgery for CM.
We suggest that a full understanding of clinical manifestations, optimal surgical timing and complete
resection of intramedullary CM can guide to make a favorable clinical outcome.
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- 국문요약 -

척수내 해면 혈관종의 치료

아주대학교 대학원 의학과
이 철 규
(지도교수: 윤 수 한)

척수내 해면 혈관종은 중추 신경계에서 생기는 해면 혈관종의 약 3~5% 정도이며 전체 척수내
발생할 수 있는 혈관성 질병의 5~12% 정도이다. 척수내 해면 혈관종 치료 결정에 있어서
수술적 치료와 보존적 치료 사이에는 아직 논란의 여지가 남아 있는 실정이다. 신경학적인
증상을 나타내는 척수내 해면 혈관종의 수술적 치료는 수술 접근의 용이성, 환자의 전신 상태,
신경학적인 증상의 심각성 등을 고려해 환자에 따라 다르게 적용되고 있다.
2007 년 3 월부터 2012 년 3 월까지 본원에서 수술적 치료를 받은 척수내 해면 혈관종 환자를
대상으로

후향적

연구

방법으로

연구를

진행했다.

환자에

대한

병력

평가는

오길비

분류(Ogilvy classification)로 평가되었고 환자 증상에 대한 평가는 맥코믹 지수(Mccormick
scale)로 평가되었다.
7 명의 환자는 후궁 성형술을 시행 받았고 한 명의 환자는 한 마디 척추체 제거술을 시행
받았다. 6 명의 환자(75%)는 척수의 배측(dorsal)에 종양이 있었고 2 명의 환자는 척수의
복측(ventral)에 종양이 위치해 있었다. 맥코믹 지수에 따라 4 명의 환자(50%)는 비슷한 결과를,
3 명의 환자는(37.5%) 호전된 결과를, 1 명의 환자는(12,5%) 악화된 결과를 나타냈다.
오길비 분류에 따라 3 명은 단계적으로 급격한 악화 양상을 보였고(class I), 1 명은 점진적인
악화를(class II), 4 명은 지속적인 급격한 악화 양상을 보였다.(class III)
Group I (급성기에 수술한 환자군)에서는,평균 맥코믹 지수가 수술 전 3.0 ± 0.5 에서 외래 추적

관찰 기간 동안 3.25 ± 0.5 로 통계학적으로 유의한 차이가 없었다.(p > 0.05) Group II (아급성기에
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수술한 환자군)에서는 평균 맥코믹 지수가 수술 전 2.5 ± 0.5 에서 외래 추적 관찰 기간 동안
1.5 ± 0.5 로 통계학적으로도 호전된 결과를 나타냈다.

평균 수술 전 통증 평가 점수(VAS)는 7.8 ± 1.5 (range 5-9)이었고 수술 직후 통증 평가

점수(VAS)는 2.5 ± 1.3 이었으며 외래 추적 관찰 기간 동안에는 2.6 ± 1.3 이었다. 평균 통증
평가 점수는 통계학적으로 유의한 호전된 결과를 나타냈다. (p < 0.05)

심각한 신경학적인 결손을 유발할 수 있는, 반복적인 척수내 해면 혈관종의 출혈은 장기적인
예후를 호전시키기 위해서 수술적 전적출술이 필요하며 수술 시기는 아급성기에 하는 것이
보다 적절할 것으로 사료된다. 환자 표본이 적음에도 불구하고 우리 연구에서는 척수내 해면
혈관종에 대한 이해 및 수술 시기, 전적출술의 필요성에 대해 긍정적인 결론을 가질 수 있었다.

핵심어: Cavernous malformation, Intramedullary, Cavernous angioma
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