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BACKGROUND Radiation-induced spinal cord cavernous malformations (RISCCMs) are a rare subset of central nervous system lesions and
are more clinically aggressive than congenital cavernous malformations (CMs). The authors assessed the characteristics and outcomes of patients
with RISCCM at a single institution and systematically reviewed the pertinent literature using Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.

OBSERVATIONS Among the 146 spinal CMs at the authors’ institution, 3 RISCCMs were found. Symptom duration ranged from 0.1 to 8.5 months
(mean [standard deviation], 3.2 [4.6] months), and latency ranged from 16 to 29 years (22.4 [9.6] years). All 3 RISCCMs were surgically treated with
complete resection; 2 patients had stable outcomes, and 1 improved postoperatively. A review of 1240 articles revealed 20 patients with RISCCMs. Six
of these patients were treated with resection, 13 were treated conservatively, and in 1 case, the treatment type was not stated. Five of the 6 patients
treated surgically reported improvement postoperatively or at follow-up; 1 was stable, and none reported worsened outcomes.

LESSONS RISCCMs are rare sequelae following radiation that inadvertently affect the spinal cord. Altogether, the frequency of stable and improved
outcomes on follow-up suggests that resection could prevent further patient decline caused by symptoms of RISCCM. Therefore, surgical management
should be considered primary therapy in patients presenting with RISCCMs.

https://thejns.org/doi/abs/10.3171/CASE22482
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A cavernous malformation (CM) is characterized by a nidus of
abnormally dilated capillaries, which can occur in multiple bodily tis-
sues. The overall prevalence of CMs is approximately 0.5% to
0.6% of the general population.1 CMs are often diagnosed after
hemorrhagic symptoms occur. Intracerebral CMs exhibit a rupture
rate of 0.7%–4.2%.2 Spinal CMs are relatively rare, comprising only
5% of all CMs and 5%–12% of all spinal vascular malformations.3–6

Within the spine, CMs can be extradural, intradural extramedullary,
and intramedullary (spinal cord CMs [SCCMs]). Patients with SCCMs tend
to present earlier in life than those with other CMs because of the higher
propensity for symptoms with SCCMs. Approximately 10% of all SCCMs
occur in the pediatric population.7

Conventional thinking holds that CMs arise from autosomal domi-
nant patterns of inheritance in CCM1, CCM2, and CCM3 or by spo-
radic mutation.8 Radiation is increasingly recognized as a factor that

contributes to cavernoma genesis. This phenomenon was first re-
ported by Ciricillo et al.9 in 1994. Because of the delayed injury asso-
ciated with radiation exposure, radiation-induced CMs exhibit a long
and variable latency, ranging from 1 to 26 years.10 Although the
mechanism behind this type of injury is not proven, it is thought to be
due to hyalinization and fibrinoid necrosis of endothelial walls ex-
posed to radiation.11 The changes to the vessel walls cause occlu-
sion of blood flow and the characteristically dilated capillaries of CMs.

The literature shows that radiation-induced SCCMs (RISCCMs)
are clinically distinct from traditional CMs. Cutsforth-Gregory et al.12

proposed that patients with CMs arising from radiation have a
higher risk of hemorrhage and a younger age at presentation than
those with naturally occurring CMs. Ducray et al.13 reported a high
incidence of RISCCMs presenting as multiple lesions relative to nat-
urally occurring CMs. Although treatment consensus guidelines for
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RISCCMs are lacking, their variable natural history and presentation
suggest a course for RISCCMs potentially distinct from that for
other CMs. This variable natural history could result in different out-
comes and require distinct treatment. This study reports our single-
center experience with RISCCM treatment and summarizes the lit-
erature in a systematic review.

Study Description
Methods
Institutional Patient Series

A prospectively maintained, institutional vascular malformation
database was searched for all cases of SCCMs treated from April
29, 1986, to February 22, 2021. Patient presentation, operative
notes, imaging, and follow-up were reviewed, with a special empha-
sis on a history of radiation exposure to the head, neck, cervical,
thoracic, and lumbar regions. Demographic characteristics, radiolog-
ical and intraoperative findings, and surgical outcomes were ob-
tained and analyzed. A neurosurgeon determined whether radiation
was the cause of the SCCM on the basis of the location and time
course of previous radiation relative to the SCCM presentation.

Systematic Literature Review
A comprehensive search and review of the literature were conducted

under the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines to identify all available cases of SCCMs
that were the result of radiation therapy.14 The terms “cavernous
malformation,” “cavernoma,” “cavernous hemangioma,” “cavernous
angioma,” “radiation,” “spine,” “spinal cord,” and “intramedullary” were
queried using the PubMed, Embase, Web of Science, and Cochrane
databases. Two independent reviewers (S.W.K. and D.B.) analyzed
articles and extracted data. Disagreements on inclusion were settled by
a senior author (V.M.S.). Articles from January 1980 to December 2021
were included in the search. The title and abstract were reviewed first,
and all studies describing cases of CMs that also mentioned radiation
were considered. Articles that did not describe any involvement of radia-
tion or that described CMs outside the spinal cord were excluded from
further analysis. All articles were consolidated and reviewed.

Quantitative data are presented as counts, percentages, means
(standard deviations [SDs]), and ranges.

Results
Three patients from our clinical cohort and 20 from the system-

atic literature review were included in the study. Figure 1 shows the
number of RISCCM cases identified in the literature review.14

Tables 1–3 summarize the institutional and literature series, with the
locations of the RISCCMs by spinal level and intra- or extramedul-
lary location.13,15–28

Institutional Patient Series
Of the 2000 CMs identified in the institutional database, 146 were

SCCMs, and 3 (2.1%) of these SCCMs were identified as RISCCMs
(Table 1). The mean (SD) age of the 3 patients with RISCCM was
37.1 (7.5) years; 2 patients were women, and 1 patient was a man.
Patients presented with numbness and paresthesia (n 5 3), neck
pain (n 5 1), and weakness (n 5 1). The duration of these symp-
toms ranged from 0.1 to 8.5 months (3.2 [4.6] months). None had a
family history of CM. Two patients had a clear date for prior radiation;
latency ranged from 16 to 29 years (22.4 [9.6] years). The mean
RISCCM size was 1.5 (0.71) cm (range: 0.5–2.0 cm). RISCCMs

occurred within the cervical (n 5 2) and thoracic (n 5 1) spine. Two
patients received radiation to the mediastinum for Hodgkin lymphoma
and 1 patient received radiation to the right face for rhabdomyosar-
coma. All 3 RISCCMs were treated surgically with full resection.
Based on Frankel scoring, 2 patients had stable outcomes and 1 had
an improved outcome postoperatively. The follow-up ranged from 0.8
to 25.2 months (mean, 11.5 [12.5] months).

Systematic Literature Review
A total of 1240 articles were found in the literature. After review,

15 were used in the quantitative analysis (Fig. 1), revealing 20 cases of
RISCCMs (Table 2). Patient ages ranged from 5 to 47 years;
18 patients were men and 2 were women. The most common present-
ing symptoms were lower-extremity weakness in 12 patients and back
pain in 5 patients. Only 1 case of RISCCM was found incidentally. One
patient reported a family history of CM. The RISCCMs occurred in the
cervical (n 5 3), thoracic (n 5 5), and lumbar (cauda equina, n 5 11)
regions, and 1 RISCCM was within the spinal roots. Of the 14 cases
with symptom duration reported, 9 were acute (#1 month), 1 was sub-
acute (1–3 months), and 4 were chronic (>3 months). The length of
latency ranged from 5 to 47 years. The radiation dosage for the primary
pathology was reported for 13 cases and ranged from 12 to 132.25 Gy.
One case report did not include treatment type. Conservative treatment
was reported for 13 patients. Of these 13 patients, 2 improved,
1 remained stable, and 6 worsened at the last follow-up; no outcome
was reported for 4 patients treated conservatively. Six patients were
treated with resection, with 5 of these cases reporting whether total
(n 5 4) or subtotal (n 5 1) resection was achieved. Of the 6 patients
undergoing resection, 5 improved postoperatively or at follow-up, and
1 was stable. Only 1 case report included a complication (postopera-
tive hematoma). Follow-up length was reported in 14 cases and
ranged from 1.5 to 144 months.

Discussion
Observations

RISCCMs are a rare subset of central nervous system lesions
and are more clinically aggressive than congenital CMs. In the sin-
gle-institution case series, 3 patients with RISCCMs were identified,
and their cases were reviewed. All 3 patients were treated surgi-
cally, resulting in complete resection with no postoperative compli-
cations. Our PRISMA-guided systematic literature review identified
an additional 20 cases of RISCCM dating back to 1996. This review
showed a diverse range of pathologies that required spinal radia-
tion, established a diverse latency period between radiation and
presentation, and showed the efficacy of surgical intervention to
prevent the progression of symptoms. To the best of our knowl-
edge, this study represents the most comprehensive and current re-
view of RISCCMs to date.

Natural History
CMs of the brain and spinal cord are rare and are thought to

arise congenitally.20,27 However, an increasing number of cases re-
porting the de novo formation in sporadic and familial cases pre-
sumes an acquired origin.17,19 Evidence supporting this theory is
provided by several reports of the de novo formation of CMs in re-
sponse to irradiation of the central nervous system, spinal cord, or
even the whole body.16,17,20,24,27,29 The extremely rare occurrence
and multifactorial genesis of these lesions leave their natural history
to date unknown.20,27

2 | J Neurosurg Case Lessons | Vol 5 | Issue 23 | June 5, 2023



Three hypotheses of the de novo formation of CMs are proposed.
The first is that the CMs exist as radiographically occult lesions be-
fore radiation therapy.17,19,20,27 The radiation-induced transformation
ensues from long-term sequelae associated with radiation therapy, in-
cluding tissue proliferation, remodeling, and hemorrhaging.17,20,29

The second hypothesis of acquired CMs is based solely on radiation-
induced cellular processes, such as vascular proliferation and
dilation, hyalinization, fibrinoid necrosis, and the formation of
telangiectasias.19,20 Narrowing of the vessels due to fibrosis and
endothelial edema creates an ischemic environment resulting in the
release of hypoxia-inducible factor 1, which leads to increased
secretion of vascular endothelial growth factor and subsequent
reactive neoangiogenesis.19 The key mediators of radiation-induced
vascular alterations include vascular endothelial growth factor, basic
fibroblast growth factor, and transforming growth factor a.17,27,29

The third hypothesis implicates the induction of somatic mutations
through direct DNA damage caused by radiation therapy.17,19 Familial
forms of CMs have been associated with genetic mutations on chro-
mosomes 7q11–21, 7p13–15, and 3q25.2–27.3.17,30,31 Direct DNA
damage to these loci may increase an individual’s susceptibility to

CM development, especially in patients who already have a germline
mutation and receive their second hit through irradiation.9,17,19,32,33

Although the distinct pathophysiological mechanisms of the de
novo formation of CMs remain unclear, a clue exists indicating a
pathophysiological difference between congenital and acquired CMs.27

Acquired CMs have a more aggressive natural history, and patients
present with a higher risk of hemorrhage than those with congenital le-
sions.27 A previous study reported a higher association of RISCCM
presenting as multiple CMs.13 Although our institutional case series
did not include patients with multiple CMs, 11 of 20 RISCCM
cases in our literature review reported multiple CMs at the initial
diagnosis.

Primary or adjunct radiotherapy offers a suitable treatment option
for various cranial neoplastic lesions, extracranial solid malignan-
cies, and malignant hematological conditions, as demonstrated by
the reported spectrum of diagnoses prompting radiation therapy in
our literature review cases.27,29 Among these RISCCM cases, only
a few developed after spinal-field irradiation. We reviewed 2 cases
of medulloblastoma, 1 case of grade III astrocytoma, and 1 case of
a suprasellar germinoma.16,17,20,28 All were treated with craniospinal

FIG. 1. PRISMA flow diagram.14
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axis irradiation, resulting in RISCCM.16,17,20,28 Additionally, extracranial
solid malignancies and neoplastic hematological conditions described in
the literature that prompted radiation included testicular cancer, Wilms tu-
mor, lung cancer, Hodgkin disease, low-grade mucoepidermoid cancer of
the parotid gland, renal carcinoma, testicular seminoma, testicular tera-
toma, and Philadelphia chromosome-positive acute lymphoblastic and
acute lymphocytic leukemia.13,15,19,21–24,26,27 The radiation dose of cranio-
spinal axis irradiation ranged from 12 to 132 Gy and was delivered in
5–40 fractions.15–18,20,21,24,26–28 Radiation-induced cranial CMs have been
reported to develop after doses as low as 12–30 Gy.26 Thus, our finding
is similar, as the lowest radiation dose was 12 Gy among our patients.
Our review of institutional cases identified 3 patients who had received ex-
traspinal radiation to the mediastinum and the right face due to Hodgkin
lymphoma and rhabdomyosarcoma, respectively.

Patient Characteristics
A diagnosis of CM during infancy suggests a congenital origin.17

However, our findings suggest that RISCCMs occur between the
third and fourth decade of life, with a mean patient age of 37.1
years in our case series. Data on the sex predominance of these
lesions remain conflicting, and no cumulative analysis has yet been
reported. In our case series of 3 patients, 1 was male. The litera-
ture review revealed that 18 of 20 cases occurred in men. Assuming
similar patient characteristics between cranial and spinal radiation–induced
CMs, these findings align with the literature review by Nimjee et al.,29 who
found a 60% male predominance in cranial radiation–induced CMs.

RISCCMs can appear incidentally on imaging in patients without
symptoms, or they can become symptomatic due to hemorrhaging
and mass effect, resulting in pain, myelopathy, and sensorimotor
deficits.17 In our literature review, extremity weakness was the most
common symptom associated with RISCCMs (12 of 20 patients)
and was associated with chest or back pain in almost half (6 of 12
patients) of the patients. In contrast, the 3 patients in our institu-
tional case series predominantly presented with sensory deficits, in-
cluding paresthesias and numbness, followed by motor deficits in 1
of 3 patients. These symptoms were accompanied by back pain in
1 patient and neck pain in 1 patient. The fact that none of our pa-
tients and only 1 in the literature had incidentally found lesions sug-
gests that most patients with RISCCMs present with symptoms of
myelopathy.

Furthermore, our data indicate that most RISCCMs are not
linked to family history. Only 1 patient in our literature review had a
family history of CMs, and none reported a family history of CMs in
our case series. The etiology of a CM in the presence of family his-
tory and radiation exposure in the absence of genetic testing re-
mains unclear. RISCCM latency ranged from 16 to 29 years in our
case series and 5 to 47 years in the literature review cases.

Outcomes
The surgical outcomes of RISCCM treatment have only been re-

ported individually in case reports, of which our series is the largest
to date. We analyzed the postoperative outcomes of our single-
center case series and compared them with outcomes reported in
the literature. Of note, we present 3 surgically managed patients
in our institutional series, whereas only one-third of the published
reports were of cases managed with surgery. There are several ad-
vantages to the surgical management of CMs, including the potential
for definitive treatment, reduction in bleeding risk, and improvement
in symptoms. Correspondingly, a complication-free resection of theseTA
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lesions is essential to achieve an unchanged or improved outcome
and reveals the true benefit of resection with relief of mass effect,34

even for recurrent cases.35 None of our patients experienced intrao-
perative or immediate postoperative complications. This finding was
also true for most cases reported in the literature review; even the 1
patient who developed a postoperative spinal hematoma had an im-
proved outcome overall.27 Furthermore, the analysis of our institu-
tional cases indicates that resection is associated with either a stable
or an improved postoperative outcome. These findings align with
those of our literature review, revealing an improved postoperative
outcome in 5 of 6 patients after resection.

On the other hand, conservative management of CMs may be
selected for asymptomatic lesions or when the risks and potential
complications of surgery outweigh the potential benefits. Proof of
this concept is exemplified by the findings of our literature review, in
which the vast majority of lesions involving the cauda equina were
managed conservatively, likely because of the high surgical risk as-
sociated with this delicate part of the spinal cord. Although conser-
vative management evades the risks associated with resection, it
does not improve symptoms and relies on close monitoring with
neuroimaging. Among 13 patients treated conservatively, an im-
proved outcome was reported in only 2 patients, and a worse out-
come was reported in 6 patients.

In conclusion, conservative management remains a conflicting
treatment strategy for these lesions, and surgical treatment of
RISCCMs versus conservative management can affect the out-
come. Ultimately, the decision of whether to surgically intervene or
conservatively manage RISCCMs should be made on a case-by-
case basis, taking into consideration the patient’s symptoms, the le-
sion size and location, the disease progression, and the risks and
benefits of each approach.

Limitations
This study has limitations because of its retrospective character

and corresponding data-collection bias. Additionally, the small sam-
ple size and single-institution background limit the generalizability of
the findings and make it difficult to conduct cumulative analyses.
The rarity of this disease subtype also contributes to a high degree
of heterogeneity, most prominently in the follow-up duration, making

it challenging to draw conclusions about the natural history and
management of RISCCM.

Lessons
RISCCMs are rare sequelae following radiation that inadvertently

affect the spinal cord. Knowledge of presenting symptoms can im-
prove patient care in these rare circumstances. Altogether, the fre-
quency of stable and improved outcomes on follow-up suggests
that resection could prevent a further decline of symptoms in
RISCCM. Therefore, surgical management should be considered
the primary therapy in patients presenting with RISCCMs. Conser-
vative management could be suitable for patients with minor symp-
toms, slow progression, advanced age, or increased risk factors for
perioperative morbidity and mortality. The decision to operate
should be made individually based on the patient’s symptoms and
dynamics of progression, as with other CMs.
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