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Abstract

Purpose Spinal cavernous malformations (SCM) present a risk for intramedullary hemorrhage (IMH), which can cause
severe neurologic deficits. Patient selection and time of surgery have not been clearly defined.

Methods This observational study included SCM patients who underwent surgery in our department between 2003 and 2021.
Inclusion required baseline clinical factors, magnetic resonance imaging studies, and follow-up examination. Functional
outcome was assessed using the Modified McCormick scale score.

Results Thirty-five patients met the inclusion criteria. The mean age was 44.7 + 14.5 years, and 60% of the patients were
male. In univariate analysis, the unfavorable outcome was significantly associated with multiple bleeding events (p=.031),
ventral location of the SCM (p =.046), and incomplete resection (p =.028). The time between IMH and surgery correlated
with postoperative outcomes (p =.004), and early surgery within 3 months from IMH was associated with favorable outcomes
(p=.033). This association remained significant in multivariate logistic regression analysis (p =.041).

Conclusions Removal of symptomatic SCM should be performed within 3 months after IMH when gross total resection is
feasible. Patients with ventrally located lesions might be at increased risk for postoperative deficits.
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Introduction

Cavernous malformations of the spinal cord (SCM) are rare
neurovascular low-flow lesions that, like cerebral cavern-
ous malformations (CCM), can cause parenchymal hemor-
rhage [1, 2]. Depending on the malformation's location and
the hemorrhage's size, SCM may cause severe neurologic
deficits. Therefore, surgical treatment should be considered,
Center for Translational Neuroscience and Behavioral especially in cases of good accessibility and a history of
Science (C-TNBS), University of Duisburg-Essen, Essen, recurrent bleeding [3—7]. However, current precise manage-
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are lacking because cavernous malformations of the cen-
tral nervous system are rare and affect a very heterogeneous
patient population. Recently published data suggested that
SCM have both a more aggressive course than CCM and that
each bleeding event decreases the likelihood of neurological
recovery [8—12]. For these reasons, there is an urgent need to
investigate whether the benefits of early surgical treatment
may outweigh the natural course of SCM and its bleeding-
associated impairment.
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There is increasing evidence that surgical intervention
leads to better outcomes for most patients with symptomatic
intramedullary hemorrhage (IMH) [3-7]. Nevertheless,
some disagreement remains with considerable controversial
opinions, such as the perfect timing for surgical intervention
[4, 13] or indications for resection of deep-seated lesions [4,
14, 15]. Due to the rare nature of SCM, there are few neu-
rosurgical centers with enough case volume in SCM man-
agement. Therefore, it is imperative to provide collective
outcome data to clarify these open questions to reach enough
evidence for future treatment guidelines.

In this study, we aimed to determine both the functional
postoperative outcome after SCM removal and outcome
predictors.

Methods
Study design

This observational study was conducted at our tertiary uni-
versity hospital, with approval from our institutional review
board (14-5751-BO and 19-8662-B0O), as well as with the
Declaration of Helsinki principles. We conducted a patient
registry database including all patients treated surgically
with SCM in our department from 2003 until 2021. Inclu-
sion regarded patients with available medical records and
baseline health metrics, magnetic resonance imaging (MRI)
studies, and at least one follow-up examination. The decision
for surgery was made on a case-by-case basis and after a
discussion at a multidisciplinary neurovascular conference.

Data collection

Baseline health metrics such as age at diagnosis, sex, and
SCM location were obtained through patient chart review.
Follow-up data included routine neurological examinations
in a specialized outpatient clinic. Sagittal and axial plane
T2-weighted images were used to determine SCM location.
IMH was defined according to reporting standards as fol-
lows: acute or subacute onset of neurological symptoms that
are related to the anatomical location with confirmation of
acute bleeding on a recent MRI scan [16]. The final decision
to assign a patient to the symptomatic hemorrhage group
was ultimately decided through consensus by authors LR,
YL, and PD based on clinical examination and MRI. Neu-
rological functional status was classified using the Modified
McCormick (MMcC) scale score assessed at diagnosis, at
the time of IMH, at postoperative discharge, and at the last
follow-up examination [17]. A more than one point increase
in MMcC rating was defined as an unfavorable functional
outcome. According to the MMcC classification (I-V), the
functional neurological status of each patient was assessed

at different time points using one of the following score cat-
egories: (I) neurologically intact with normal ambulation,
may have minimal dysesthesia; (II) mild motor or sensory
deficit and functional independence; (III) moderate deficit
and limitation of function but independent with external aid;
(IV) severe motor or sensory deficit with limited function
and dependent on external aid; or (V) paraplegia or quadri-
plegia, even if there is flickering movement.

Statistical analysis and illustration of cases

The primary aim of this study was to analyze the functional
outcome after the surgical removal of the SCM. The sec-
ondary aim was to assess predictors of worse functional
outcomes. We used SPSS-27 software for all statistical
analyses. Univariate analyses were performed to determine
predictors of unfavorable outcomes at the last follow-up. For
dichotomized variables, the Chi-square test (sample size > 5)
or the Fisher exact test (sample size <5) was used. Continu-
ous variables were tested with the student’s t test (normally
distributed data) or Mann—Whitney-U test (non-normally
distributed data). The degree of correlation was calculated
using Spearman’s rank correlation test. Significant associa-
tions were assessed in a multivariable logistic regression
analysis to identify independent predictors of unfavorable
outcomes at the last follow-up. All tests were two-tailed, and
p values < .05 were defined as significant. The illustrations
were created using BioRender software.

Results
Patient demographics

Seventy-five patients with SCM were identified out of 1492
patients with central nervous system cavernous malfor-
mation in our database. Of those, 35 underwent surgery,
some after trying conservative therapy. All 35 patients ful-
filled the above-mentioned inclusion criteria and were eli-
gible for this study. In the final cohort, the mean age was
44.7 + 14.5 years, and most patients (n=21, 60%) were
male. Most SCM were thoracic (n =20, 57.1%). Nearly half
of the lesions (n=20, 57.1%) affected the spinal cord's ven-
tral part, and many SCM (n=22, 68.8%) crossed the mid-
line. All patients in the cohort suffered from at least one
symptomatic IMH and 12 patients (34.3%) experienced > 2
IMH events. All patients underwent surgery, and gross total
resection was achieved in 29 (82.9%) cases. Every patient
with an incomplete extent of resection experienced recur-
rent IMH during postoperative follow-up. The mean time of
follow-up was 51.4 +53.6 months. The average time from
diagnosis to surgical treatment was 16.7 +34.0 since some
patients underwent rehabilitation first and others received
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surgical removal after the second bleeding event. The aver-
age postoperative follow-up was 34.3 +43.4 months. Table 1

Table 1 Demographic,
anatomic, and clinical cohort

characteristics

summarizes the demographic and clinical features of the
study. Figure 1 illustrates exemplary cases.

Characteristic Frequency
Total number of SCM patients, n 35
Age in years, mean +SD 44.66 +14.51
Sex, n (%)

Male 21 (60%)

Female 14 (40%)
Multiple IMH (>2), n (%) 12 (34.3%)
Ventral localization, n (%) 20 (57.1%)
Crossing axial midpoint, n (%) 22 (68.8%)
IMH at diagnosis, n (%) 25 (71.4%)
SCM localization, n (%)

Cervical spinal cord 11 (31.4%)

Thoracic spinal cord 20 (57.1%)

Lumbar spinal cord 4 (11.4%)
Obesity, n (%)* 6 (18.2%)
Rest after surgical removal, n (%) 6 (17.1%)
New IMH after surgical removal, n (%) 6 (18.2%)
Time from diagnosis to last follow-up in months, mean+SD 51.4+53.59
Time from diagnosis to surgery in months, mean =+ SD 16.71 +34.04
Time from last IMH to surgery in months, mean +SD 1.61+2.46
Time from surgery to last follow-up in months, mean +SD 34.29+43.39

Characteristics of the total cohort are presented

IMH intramedullary hemorrhage; n number of patients; SCM spinal cavernous malformation; SD standard

deviation

*Indicates 12 patients missing

Fig.1 Exemplary SCM cases. A Illustration of exemplary cases with
different intramedullary locations. A preoperative (left) and a postop-
erative (right) sagittal T2-weighted MRI scan are shown in each case.
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B Intraoperative situs. Shown is the spinal cord after splitting the
dura mater (top) and access to the bleeding cavity through a median
myelotomy for a medially localized SCM (bottom)
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Postoperative outcome and predictors
of unfavorable postoperative outcome

Postoperative worsening was found in 14 patients
(40.0%). Univariate analysis revealed that unfavorable
postoperative outcomes were associated with multi-
ple bleeding events (OR =5.67, 95% CI=1.24-25.88,
p=.031), incomplete SCM resection (OR=11.11, 95%
CI=1.13-109.3, p=.028), and localization of the cav-
ernoma in the ventral part of the spinal cord (OR =4.89,
95% CI=1.05-22.84, p=.046). Detailed information is
provided in Table 2.

We found a correlation between the timing of surgery
and unfavorable outcomes (r=.497, p=.004). Also, early
surgery (i.e., within 3 months after IMH) was associ-
ated with a favorable postoperative outcome (OR =2.13,
95% CI=1.02-4.48, p=.033). In a multivariate logistic
regression analysis, this association remained significant
(aOR =5.99, 95% CI=1.08-33.30, p=.041), while local-
ization of the cavernoma in the ventral part of the spinal
cord and incomplete SCM resection failed to be independ-
ent predictors and did not reach the necessary level of
significance (p > .05). Results are illustrated in Table 3.

Table 3 Multivariate analysis of predictors for unfavorable functional
outcome

Parameter p Value  aOR 95% C1
Ventral localization of SCM .196 .320 .057-1.802
Incomplete resection of SCM .061 .085 .006-1.117
Surgery >3 months after IMH  .041 5.993 1.079-33.303

Multivariate analysis of selected variables for independent associa-
tion with unfavorable functional outcome at last follow-up (changes
in MMcC at diagnosis and at last follow-up)

aOR adjusted Odds Rati; /IMH intramedullary hemorrhage; MMcC
modified McCormick scale score; SCM spinal cavernous malforma-
tion

Discussion

SCM disease poses a significant risk for IMH and can cause
severe neurological disability with an impact on physical and
psychological life [9, 11]. These lesions are generally surgi-
cally accessible, and their resection has become considerably
safer within the last few decades, among other things due
to new insights into the spontaneous course of cavernoma
disease as well as due to increased intraoperative safety by
microsurgical treatment using electrophysiological moni-
toring [18, 19]. Although gross total resection is curative
and prevents the risk of devastating deficits from recurrent

Table 2 Univariate analysis

. Parameter MMcC same or  MMcC worse p Value OR 95% CI
;)f pre.dlctors for unfavorable improved (n=14, 40%)
unctional outcome (n=21, 60%)
Age in years, mean + SD 46.62+16.18 41.71+£11.49 .302¢ N/A N/A
Female sex, n (%) 8 (38.1%) 6 (42.9%) .999° 1.22 .31-4.83
Multiple IHM (>2), n (%) 4 (19.0%) 8 (57.1%) .031° 5.67 1.24-25.88
Ventral localization, n (%) 9 (42.9%) 11 (78. 6%) .046° 4.89 1.05-22.84
Crossing midpoint, n (%) 12 (63.2%) 10 (76.9%) A467° 1.94 40-9.55
Obesity, n (%) 3(23.1%) 3 (30%) .999° 143 .22-9.26
Incomplete resection, n (%) 1 (4.8%) 5(35.7%) .028° 11.11 1.13-109.3
SCM localization, n (%)
Cervical cord 6 (28.6%) 5(35.7%) 721° 1.39 .33-5.90
Thoracic cord 11 (52.4%) 9 (64.3%) 728° 1.64 41-6.56
Lumbar cord 4 (19%) 0 (0%) .133° N/A N/A
Time between diagnosis and surgery
<3 months 16 (76.2%) 5(35.7%) 033" 17 .04-77
4 — 6 months 0 (0%) 2 (14.3%) .153° N/A N/A
>7 months 5(23.8%) 7 (50%) .153° 3.20 .75-13.66

Univariate analysis of demographic and clinical factors for association with functional outcome at last fol-
low-up (changes in MMcC at diagnosis and at last follow-up)

4Student’s t test or Mann—Whitney-U test

bChi-square test or Fisher exact test

IMH intramedullary hemorrhage; MMcC modified McCormick scale score; N/A not applicable; SCM spinal
cavernous malformation; SD standard deviation
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bleeding events, spinal cord surgery remains risky, and the
decision to operate should always be considered carefully.
There is expert consensus that symptomatic patients with
accessible SCM are good candidates for surgery and should
undergo surgical treatment, while those who fail in any of
these features may warrant conservative management [3-7].
Although growing evidence supports aggressive surgical
treatment, specific selection criteria and operation indica-
tions are lacking in the literature.

Timing of surgery

Optimal surgical timing for SCM remains controversial.
Many studies have not correlated patient outcomes with the
timing of surgery, and only a few authors provide data on
this relevant topic. Many authors are in favor of early resec-
tion once the decision to operate has been made [4, 6, 7,
20, 21]. On the other hand, Imagama and colleagues have
published the only existing prospective study on SCM to
date where they recommend waiting for neurologic rehabili-
tation before surgical removal [13]. This contrasts with the
findings of a large meta-analysis by Badhiwala et al., who
found a significant correlation between shorter duration of
presurgical symptoms and favorable clinical outcomes [4].
The results of our study suggest that delaying surgical resec-
tion may be harmful.

These findings are in line with many authors and support
the often-recommended practice of early SCM resection
[2-4, 7, 19, 22-24]. The rationale for this recommendation
in our study is the presumption that waiting longer than
3 months after IMH might increase the risk of early recur-
rent bleeding and irreversible myelopathy due to the IMH-
related mass effect. However, extra-lesional hematoma and a
gliotic plane between the cavernous malformation and spinal
cord after IMH usually facilitate SCM resection, which may
render surgery less traumatic to the spinal tracts [6]. There-
fore, the optimal window for surgery could be between a few
weeks and three months.

The extent of resection and recurrent bleeding

In almost, all studies a gross total resection was recom-
mended, but these studies have not investigated the out-
come of patients with residual cavernoma tissue. Accord-
ing to recently published reviews on surgical treatment of
SCM, gross total resection is achievable in more than 90%
of all cases [3, 5]. Our data indicate recurrent IMH in all
patients that underwent incomplete resection and empha-
size the urgent need for gross total resection when safe.
What remains unanswered, however, is the question of
how to proceed after incomplete resection. Given our data,
second-look surgery may be considered to prevent recur-
rent hemorrhage and prevent further deterioration due to

@ Springer

re-hemorrhage. However, given the lack of evidence, this
must still be decided on a single-case basis.

Deep lesions

Since many studies do not distinguish between superficial
and deep SCM, the question arises of whether both entities
should be managed equally. Although surgical approaches
and safe-entry zones to spinal cord lesions are well defined
[4, 19], the risk of iatrogenic spinal cord injury is greater
when the lesions are located in the ventral portion of the
spinal cord [14]. With this in mind, some authors differ-
entiate between superficial and deep lesions when making
treatment recommendations. Notably, Gross and colleagues
recommend in their study to remove exophytic lesions irre-
spective of the clinical presentation, to observe deep-seated
asymptomatic lesions, and to remove deep-seated sympto-
matic lesions only in cases of severe or progressive symp-
toms [5]. A similar approach is recommended by Liang and
colleagues, who preferer a watch-and-wait approach in small
and ventrally located SCM [15]. The results of our study
emphasize the need for differentiated management relative
to anatomical location. Our study indicates that ventrally
located SCM have a higher risk for an unfavorable postop-
erative outcome and that surgery of such lesions must be
favored when safe.

External validity

Compared to other studies analyzing patients suffering from
SCM such as Goyal and colleagues, which is the largest sin-
gle-center series available, our cohort was similar in terms of
baseline health features, including 45% versus 40% females,
mean age of 49.6 +17.3 versus 44.7 + 14.5 years, and the
majority of lesions located in the thoracic spine account-
ing for 59% versus 57.1% of patients accordingly [9]. These
similarities increase the external validity of our results.

Limitations

One major drawback of our study is the use of retrospective
data, limiting the evidence level and the generalization of
our results. Moreover, the data of our study are not popula-
tion-based and was acquired from a tertiary referral center,
which can lead to information and selection biases. Due to
the rarity of SCM disease, the number of cases in this study
was small. The lack of power in our sample may account for
loss of statistical significance in the multivariate analysis.

Perspective

IMH and spinal cord surgery inherently bear the risk of
transient and permanent injury (e.g., weakness, loss of
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coordination, sensory deficits, or bowel and bladder dys-
function). Gross total resection is the only certain prevention
of (re)bleeding, but implies immediate (e.g., infection, deep
vein thrombosis, and cerebrospinal fluid leakage) or late
(e.g., kyphosis, tethered cord, stenosis, SCM rebleed, and
subsequent surgery) risks [25]. For this reason, conservative
and surgical approaches must be well balanced against each
other, and the final decision should be made on a case-by-
case basis in experienced neurovascular centers. Our study
contributes novel data to this rare disease and underlines
the value of early surgery while highlighting the need for
personalized decision-making. There is an unmet need for
further studies, especially prospective multicenter studies
with a large number of patients, to validate our results and
to enable the creation of guidelines.

Conclusion

The results of this work emphasize the importance of early
surgical removal of hemorrhagic and symptomatic SCM. If
gross total resection can be achieved with acceptable mor-
bidity, patients should be operated on within 3 months after
IMH. Patients with deep-seated lesions might be at higher
risk for postoperative deficits, and the indication for surgery
should be carefully considered.
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