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Objective: Spinal cord cavernous malformation (CM) is an intramedullary vascular lesion 
that may present with progressive symptoms. Surgery is recommended for symptomatic 
patients, but optimal timing of surgery is debatable. Some advocate waiting until plateau of 
neurological recovery and others support emergency surgery. There is no statistic on how 
commonly these strategies are utilized. We aimed to find contemporary practice pattern 
among neurosurgical spine centers in Japan.
Methods: A database of intramedullary spinal cord tumors assembled by Neurospinal Soci-
ety of Japan was surveyed and 160 patients with spinal cord CM were identified. Neurologi-
cal function, disease duration, and number of days between presentation to hospitals and 
surgery were analyzed.
Results: Duration of disease before presentation to hospitals ranged from 0 to 336 months 
(median, 4 months). Number of days between patients’ presentation and surgery ranged 
from 0 to 6,011 days (median, 32 days). Time from symptom onset to surgery ranged from 
0 to 336.9 months (median, 6.6 months). Patients with severe preoperative neurological 
dysfunction had shorter duration of disease, fewer days between presentation and surgery, 
and shorter time between symptom onset and surgery. Patients with paraplegia or quadri-
plegia were more likely to improve when operated on within 3 months from onset.
Conclusion: Timing of surgery for spinal cord CM in Japanese neurosurgical spine centers 
generally was early, with 50% of patients undergoing surgery within 32 days after presenta-
tion. Further study is needed to clarify optimal timing of surgery.

Keywords: Spinal cord, Hemangioma, Cavernous malformation, Operative surgical proce-
dures

INTRODUCTION

Spinal cord cavernous malformations (CM), also referred to 
as cavernoma,1 cavernous angioma,2 or cavernous hemangio-
ma,3 are vascular lesions characterized by thin, sinusoidal vas-
cular channels without intervening neural tissue. Three major 
patterns of clinical presentation may be observed: (1) multiple 
episodes of discrete neurological deterioration with varying de-
grees of recovery between the acute insults; (2) slow progression 
of neurological deterioration; (3) sudden onset of symptoms 

with rapid decline over hours or days or gradual worsening last-
ing weeks to months.3,4

Surgery is indicated in patients with significant or progressive 
neurological deficits, for whom complete excision should be at-
tempted. Patients with mild or spontaneously resolving symp-
toms may be followed expectantly, but surgery should be con-
sidered if the lesion is exophytic.4-6 Annual hemorrhage rates 
range from 0% to 4.5% and should be taken into consideration.4

While there is a consensus on indication for surgery of spinal 
cord CM, the optimal timing of surgery is less clear.7 A litera-
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ture review found that symptom duration less than 3 years is 
associated with higher percentage of patients improving after 
surgery.3 Imagama et al.8 reviewed 41 patients and reported that 
patients who had stable gait preoperatively had shorter preop-
erative disease duration and had better chance of retaining sta-
ble gait at the follow-up. He recommended early surgery for pa-
tients who have stable gait, and delayed surgery after initial re-
habilitation until the plateau stage of recovery for patients with 
motor paresis. During this interval for recovery, a gliotic plane 
develops between the lesion and the spinal cord, allowing for 
relatively safe removal.9 On the other hand, Duan et al.10 reviewed 
52 patients and found that emergency rescue surgery (within 3 
days from onset in patients with acute symptom onset with rap-
id decline or within 7 days from onset in patients with repeat-
ing deterioration of neurological symptoms with acute onset) 
resulted in higher chance of neurofunctional improvement at 
long-term follow-up. There is no data on how commonly each 
of these strategies (delayed or emergency surgery) are utilized 
among spine surgeons. We reviewed a database of intramedul-
lary spinal cord tumors to find the practice pattern in contem-
porary Japan.

MATERIALS AND METHODS

1. Ethics
This study was performed as a part of multicenter cohort study 

by Endo et al.11 with recognition from Neurospinal Society of 
Japan, an affiliate of the Japan Neurosurgical Society. The study 
protocol was approved by the Institutional Review Board of To-
hoku University Hospital (2021-1-130) and participating cen-
ters. As this was a retrospective and noninvasive study, the re-
quirement for written informed consent from patients was waived. 
Instead, a public notice that provided information on this study 
was given on websites of participating centers.

2. Patient Selection
A questionnaire was sent to 58 participating neurosurgical 

spine centers across Japan and data on patients with intramed-
ullary spinal cord tumors treated surgically between 2009 and 
2020 were collected. Patients with spinal lipoma or myxopapil-
lary ependymoma were excluded. Patients who had previously 
undergone surgery for the same lesions were also excluded.

3. Baseline Characteristics
Data were collected on patients’ age, sex, histological diagno-

sis, types of surgery, presence of recurrence at the follow-up, 

duration of the disease before presenting to the hospital, and 
dates of presentation to the hospital and surgery. Neurological 
functions preoperatively and at follow-ups were graded accord-
ing to modified McCormick scale (mMS) (grade I: intact neu-
rologically, normal ambulation, minimal dysesthesia; grade II: 
mild motor or sensory deficit, functional independence; grade 
III: moderate deficit, limitation of function, independent with 
external aid; grade IV: severe motor or sensory deficit, limited 
function, dependent; grade V: paraplegia or quadriplegia, even 
with flickering movement).12,13 All data were anonymized.

4. Statistical Analysis
The database was stored in Microsoft Excel (Microsoft Corp., 

Redmond, WA, USA). Duration of the disease before presenta-
tion to the hospital, time between hospital presentation and sur-
gery, and time between symptom onset and surgery (sum of 
duration of disease before presentation and time between pre-
sentation and surgery) were compared among patients with 
different mMS using Kruskal-Wallis test. Difference in number 
of patients with each mMS in preoperative and final follow-up 
states were analyzed using Fisher exact test. Statistical analysis 
was performed using a free statistical software EZR, which runs 
on R ver. 4.2.2 (R Foundation, Vienna, Austria).14

RESULTS

There were 160 patients (70 women and 90 men) with spinal 
cord CM, whose age ranged from 7 to 85 years (mean, 52.01 
years; median, 52 years) (Table 1).

Duration of disease before presenting to the treating hospital 
ranged from 0 to 336 months (mean, 27.88 months; median 
[interquartile range], 4 [1–32]; n= 158) (Fig. 1).

Number of days between patients’ presentation to the hospi-
tal and the surgery ranged from 0 to 6,011 days (mean, 143.8; 
median [interquartile range], 32 [9.5–75.5]; n= 159) (Fig. 2).

Correlation between the duration of disease before presenta-
tion and the days from presentation to surgery was not statisti-
cally significant (correlation coefficient, 0.109; 95% confidence 
interval, -0.0478 to 0.261).

Time from symptom onset to surgery ranged from 0 to 336.9 
months (mean, 32.6; median [interquartile range], 6.6 [2–34.8]; 
n= 158) (Fig. 3).

Neurological function before surgery, classified in mMS, was 
grade I in 14, grade II in 67, grade III in 39, grade IV in 30, and 
grade V in 10 patients. Patients with severe preoperative neuro-
logical dysfunction (mMS grades IV and V) had spent shorter 
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Table 1. Patient demographics

Demographic All cases
Preoperative modified McCormick scale

p-value†

1 (n = 14) 2 (n = 67) 3 (n = 39) 4 (n = 30) 5 (n = 10)

Age (yr) 52 (7–85) 40.5 (23–77) 53 (14–85) 52 (7–84) 59 (21–82) 42 (26–78) 0.143

Sex 0.568

   Male   90   9 33 25 18 5

   Female   70   5 34 14 12 5

Level 0.500

   Cervical   73   6 34 18 13 2

   Thoracic   87   8 33 21 17 8

Types of surgery 0.372

   Biopsy     1   0   0   1   0 0

   Partial     6   0   2   1   3 0

   Subtotal   11   0   3   3   3 2

   Total 142 14 62 34 24 8

Recurrence     7   0   4   2   1 0 0.929

Duration of disease before  
presentation (mo)

4 (0–336) 6 (0–336) 6 (0–240) 4 (0–240) 1 (0–120) 2 (0–18) 0.009

Time between presentation 
and surgery (day)

32 (0–6011) 27.5 (1–697) 47 (2–6011) 32 (0–1177) 9 (0–162) 7 (0–332) 0.001

Time between symptom onset 
and surgery (mo)

6.6 (0–336.9) 8.1 (0.03–336.9) 13.8 (0.7–269.5) 6.4 (0.4–241.6) 3 (0–122.6) 3 (0–20.9) 0.002

Values are presented as median (range) or number.
†Fisher exact test for age, sex, types of surgery, and recurrence and by Kruskal-Wallis rank-sum test for age and time.

Fig. 1. Disease duration before presentation to the hospital, stratified by preoperative modified McCormick scale (mMS).
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time in duration of disease before presentation to the hospital 
(p= 0.009, Kruskal-Wallis rank-sum test), from presentation to 
the hospital to surgery (p= 0.001, Kruskal-Wallis rank-sum test), 
and from symptom onset to surgery (p= 0.002, Kruskal-Wallis 
rank-sum test) (Table 1). No significant between-group differ-

ences were found in preoperative mMS according to age, sex, 
or level of the lesion. No statistically significant difference be-
tween patients with cervical and thoracic lesions were found for 
duration of symptoms before presenting to the hospital, time 
between presentation and surgery, and time between symptom 

Preoperative modified McCormick scale
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onset and surgery.
Surgical procedures performed were biopsy in 1 patient, par-

tial or subtotal resection in 17 patients, and total resection in 
142 patients. Four patients underwent surgery via anterior ap-
proach and 156 via posterior approach.

Patients were followed up for average of 45.5 months (medi-
an, 39; range, 0–142) after surgery. At the last follow-up evalua-
tion, mMS was grade I in 33, grade II in 71, grade III in 32, grade 
IV in 17, and grade V in 7 patients (Table 2). Difference in the 
distribution of mMS grades before surgery and at last follow-up 
was statistically significant (p= 0.013, Fisher exact test). Patients 
whose preoperative mMS was grade V were more likely to im-
prove at the follow-up if they were operated on within 3 months 
from symptom onset compared with after 3 months (p= 0.048, 

Table 2. Preoperative neurological function and outcome at 
final follow-up in modified McCormick scale (mMS) (all cas-
es, n = 160)

P�reopera-
tive mMS

Final follow-up mMS

1 2 3 4 5 Sum

1 12 1 1 0 0 14

2 12 45 10 0 0 67

3 5 20 9 5 0 39

4 4 4 11 10 1 30

5 0 1 1 2 6 10

Sum 33 71 32 17 7 160

Note the decrease in number of patients with mMS grade 4 and 5 at 
the follow-up in comparison with preoperative state. Boxes in shades 
represent cases with mMS at the follow-up worse than before surgery.

Fig. 3. Time between symptom onset and surgery, stratified by preoperative modified McCormick scale (mMS).
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Fig. 2. Number of days between the first visit to hospital and surgery, stratified by preoperative modified McCormick scale 
(mMS).
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Fisher exact test) (Table 3). Such difference was not found in 
patients with preoperative mMS of I to IV.

The mMS grades at follow-up worsened in 18 out of 160 pa-
tients (11.3%). The risk of neurological worsening was not sig-
nificantly different for those who underwent surgery within 3 
months from onset (5 of 46, 10.9%) and after 3 months (13 of 
112, 11.6%). There was no statistically significant difference in 
the distribution of patients with each mMS at the follow-up be-
tween patients with cervical and thoracic lesions. Similarly, there 
was no significant difference in the proportion of patients whose 
mMS worsened at the follow-up compared to their preopera-
tive level between these 2 groups.

Recurrences occurred in 7 patients: 3 after partial or subtotal 
resection (17.6%, 3 of 17) and 4 after total resection (2.8%, 4 of 
142). The recurrence rate was significantly lower after total re-
section (p= 0.027, Fisher exact test). All 7 patients with recur-
rences underwent surgery within 60 days after presentation. But 
there was no statistically significant difference in rate of recur-
rence between patients who underwent surgery within 60 days 
from presentation and those whose surgeries were more than 
60 days after presentation (7 of 107 vs. 0 of 52, p= 0.095, Fisher 
exact test).

There were 53 patients who presented to the hospital within 
1 month after symptom onset. Fifteen of them (28.3%, 15 of 53) 
underwent surgery within 7 days after presentation, which may 
have been emergency surgery, and 38 had surgery more than 7 
days after presentation (range, 8–534 days). In the 15 patients 
who underwent emergency surgery, preoperative neurological 
dysfunction in mMS were grade I in 2 patients, grade II in one, 
grade III in one, grade IV in 9, and grade V in 2; At the last fol-
low-up, mMS were grade I in 3 patients, grade II in 3, grade III 
in 4, grade IV in 3, and grade V in 2. In the 38 patients who un-

derwent delayed surgery, patients with preoperative mMS grades 
I to V were 0, 12, 15, 8, and 3, respectively, and at the last fol-
low-up, 9, 17, 8, 4, and 0, respectively. The difference between 
preoperative and last follow-up mMS grade distribution was 
not statistically significant in emergency surgery group but was 
significant in delayed surgery group (p = 0.213 and p = 0.001, 
respectively, Fisher exact test).

DISCUSSION

This is the first multicenter survey that showed a contempo-
rary practice pattern in Japan regarding the timing of surgery 
for spinal cord CM. This study revealed that patients with spi-
nal cord CM had a wide variation in duration of disease before 
presentation to the hospital, from 0 to 336 months. These pa-
tients were operated on after a wide range of waiting periods, 
from 0 to 6,011 days after presentation with a median of 32 days. 
In total, patients underwent surgery from 0 to 336.9 months af-
ter symptom onset, with 50% undergoing surgery within 6.6 
months. We found that patients with preoperative mMS grade 
V neurological dysfunction were more likely to improve if they 
had surgery within 3 months from symptom onset. Favorable 
neurological outcome of patients who underwent surgery with-
in 3 months of symptoms was also noted in a previous system-
atic review.15

Overall rate of functional deterioration at the final follow-up 
was 11.3% (18 of 160). Seventeen of these worsening had one-
level change from the baseline. This retrospective study did not 
contain the details of symptomatic response from patients, and 
any symptomatic changes that occurred within the borders of 
each mMS scales are not recognizable. There is always a risk of 
functional deterioration after surgery of spinal cord CM. In case 

Table 3. Preoperative and final follow-up neurological function graded using modified McCormick scale (mMS) in patients 
who underwent surgery within 3 months (n = 46) and more than 3 months (n = 112) after symptom onset

Preoperative mMS

Final follow-up mMS

Surgery within 3 months from onset Surgery > 3 months from onset

1 2 3 4 5 Sum 1 2 3 4 5 Sum

1 2 0 0 0 0 2 10 1 1 0 0 12

2 4 7 3 0 0 14 8 38 7 0 0 53

3 3 4 3 1 0 11 2 4 6 4 0 26

4 3 3 4 3 1 14 1 1 7 7 0 16

5 0 1 1 2 1 5 0 0 0 0 5 5

Sum 12 15 11 6 2 46 21 54 21 11 5 112

Boxes in shades represent cases with mMS at the follow-up worse than before surgery. Note the number of patients with mMS grade 5 decreased 
in patients who underwent surgery within 3 months, while it was unchanged in those who had surgery more than 3 months after onset.
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series studies from high-volume centers, neurological worsen-
ing occurred in approximately 10% of patients immediately af-
ter surgery and remained in 3%–7% of patients at the follow-
up.16,17 Reasons for somewhat higher rate of worsening in our 
series is unclear, but one of the reasons may be short follow-up 
in some patients.

Spinal cord CM may manifest with slowly progressive symp-
toms or acute neurologic deterioration. Acute episodes may be 
followed by spontaneous recovery or deterioration over hours 
to months.3,4 There is no known prognostic factor to distinguish 
patients who will spontaneously recover from those who will 
deteriorate. One study reported that patients at risk of not re-
covering stable gait were those with large lesions and those with 
lesion in the thoracic spinal cord.8 Our study did not find statis-
tically significant difference in outcome with lesion involving 
different levels, but we think it is reasonable that a lesion in the 
thoracic spinal cord is more detrimental than that in the cervi-
cal cord because the thoracic spinal cord has smaller cross-sec-
tion area with a circular contour compared with the cervical 
cord.18 It is commonly known in geometry that for the same 
perimeter, a circle, not ellipses, has the greatest area. Therefore, 
when a spinal cord lined by a rigid pia mater becomes swollen, 
an elliptical cervical cord can increase cross-section area with-
out stretching the pia, while in a circular thoracic cord a small 
increase in the cross-section area would stretch the pia and re-
sult in increased parenchymal pressure. Additionally, a certain 
amount of bleeding within the cord would damage larger por-
tion of the cross-section area in the smaller thoracic cord. Be-
cause the pia mater is a rigid material,19 increased spinal cord 
parenchymal pressure results in shifting of the spinal cord pa-
renchyma cranially and caudally. This shift of parenchyma would 
obstruct the arterioles supplying the spinal cord, because they 
are fixed to the rigid pia at the penetration point. With a con-
comitant decrease in perfusion pressure (difference between the 
blood pressure and the parenchymal pressure), ischemia and 
infarction would develop in the adjacent segments of the spinal 
cord, which in turn, result in edema and further longitudinal 
progression of necrosis, a phenomenon called pencil-shaped 
softening of the spinal cord.20 This progressive expansion of the 
lesion may be more pronounced in the conus medullaris, where 
the cross-section area is small and circular, and the pial tube is 
closed distally. We think that progressive neurological deterio-
rations in patients with spinal cord CM are caused by repeated 
hemorrhage and/or pencil-shaped softening of the spinal cord. 
Emergency surgery theoretically would relieve spinal cord pa-
renchymal pressure and prevent secondary neural injury. How-

ever, our data did not show benefits of emergency surgery due 
to lack of statistical power.

Emergency surgery should not be employed in all patients 
presenting with acute neurological decline because many of 
them will spontaneously recover. Many authors recommend 
several weeks of waiting period to facilitate resection.8,9 We agree 
that resection of CM is difficult in the acute phase because the 
lesion is often collapsed due to compression by hematoma, gli-
otic plane is absent between the lesion and the spinal cord, and 
the spinal cord tissue is edematous and fragile. However, we 
have seen patients who rapidly deteriorated to complete spinal 
cord injury and did not recover after rehabilitation and lost the 
opportunity to have surgery. These patients could have benefit-
ed from emergency surgery.

This study was a retrospective analysis of patients who were 
surgically treated. There is a selection bias because it lacks in-
formation on patients who did not have surgery after recover-
ing normal function or deteriorating to complete paraplegia or 
quadriplegia. In our database, the neurologic dysfunction grad-
ed in mMS are recorded before operation, not at the times of 
onset and presentation. This limits our ability to tell whether 
the surgery was performed at acute stage or as an elective case. 
A data of a patient with preoperative neurological dysfunction 
of mMS grade V who underwent surgery 60 days after onset 
could mean that the patient had only a mild sensory disturbance 
for 59 days and suddenly deteriorated to paraplegia on the 60th 
day and had an emergency surgery, but it also could mean that 
the patient initially presented with paraplegia and did not im-
prove after 60 days of rehabilitation and had an elective surgery. 
Another limitation of our study is a lack of data on detailed an-
atomical location of the lesions within the spinal cord, such as 
anterior, posterior, subpial, or deeply embedded. Such anatomi-
cal feature is important in surgical decision making and should 
be included in future studies of spinal cord CM.

CONCLUSION

In Japanese neurosurgical spine centers, patients with spinal 
cord CM underwent surgery generally in early phase. Half of 
patients underwent surgery within 32 days after presentation to 
hospital, and 75% of patients within 75.5 days. Emergency sur-
gery within 7 days were applied to approximately 28% of patients 
who presented within 1 months of onset.

Patients with paraplegia were more likely to improve at the 
last follow-up if they underwent surgery within 3 months from 
symptom onset. Although this retrospective study did not seek 
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to determine the optimal timing of surgery, it may be accept-
able that patients with severe neurological symptoms or pro-
gressive worsening should be operated on early to prevent sec-
ondary neural injury from increased intraparenchymal pres-
sure. Whether emergency surgery is beneficial cannot be deter-
mined in this retrospective study. Future studies should investi-
gate details of clinical course to identify risk factors for progres-
sive neurological deterioration. Such studies would enable us to 
correctly select patients for emergency surgery or initial reha-
bilitation.
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