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ABSTRACT

AIM: To assess the clinical outcomes of treatment for radiation-induced meningiomas.
MATERIAL and METHODS: Medical records were retrospectively reviewed for all cranial meningioma cases that were diagnosed 
and/or underwent surgery at our hospital from 2009 to 2016. All radiation-associated meningioma patients constituted the core 
sample for this study.
RESULTS: This series included one female and three male patients, with a mean age of 47.3 ± 16.3 years. The mean preoperative 
course was <3 months. The most common symptom was headache (100%) and three patients had alopecia and thin scalp skin. The 
mean of the age at which they underwent radiotherapy was 18.5 ± 13.7 years. The mean latency period was 19.2 ± 7.4 years. Initial 
malignancies included two patients with desmoplastic medulloblastomas (13-year-old female, 65 Gy), (11-year-old male, 54 Gy) 
and a patient with grade II oligodendroglioma treated with 30 Gy. A male patient received low-dose radiotherapy for chronic otitis 
at 10 years old. Histopathological examinations revealed the following: 1) fibroblastic-grade I, Ki-67 2%–3%, 25.5 years latency; 
cerebellopontine angle, 2) atypical meningioma grade II, Ki-67 8%, 21 years, frontal; and 3) transitional grade I, Ki-67 3%–4%, 11 
years, frontal. The fourth patient had three radiation-induced meningiomas and 27 radiation-induced cavernomas, and was treated 
using a gamma knife. The mean follow-up period was 34.8±39.4 months. One patient had rhinorrhea and another experienced a 
cerebrospinal fluid fistula. Both underwent an additional operation. The former died because of meningitis on postoperative day 31.
CONCLUSION: Most radiation-induced meningiomas are low-grade, but they have a high trend of recurrence. Close follow-up and 
yearly magnetic resonance imaging would minimize the morbidity rate. To reduce fatal complications, surgery should be planned in 
conjunction with plastic surgeons.
KEYWORDS: Desmoplastic medulloblastoma, Oligodendroglioma, Radiation-induced meningioma, Radiation-induced cavernoma, 
Radiotherapy
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█    INTRODUCTION

Except for malignant hematologic tumors, which regress 
with chemotherapy and radiotherapy, most malignant 
tumors in children are aggressive. These aggressive 

tumors are generally treated with complete resection followed 
by adjuvant radiation therapy (RTP). The long-term side 
effects of neural tissue irradiation include multiple neurological 
side effects and induce new central nervous system (CNS) 
neoplasms (14). Reports describe the development of 
multiple tumor types after curative cranial radiotherapy, 
including cavernomas, meningiomas, sarcomas, glial tumors, 
astrocytomas, clear-cell carcinoma of the kidney, squamous 
carcinoma, papillary urothelial carcinoma in the bladder, and 
schwannomas. However, radiation-induced meningioma 
(RIM) is the most common brain neoplasm caused by ionizing 
radiation (2,51), probably because most patients with RTP-
treated malignant intracranial processes rarely survive long 
enough to develop a secondary malignancy. Although RIM are 
more common in adult patients than in children, as confirmed 
in our exhaustive literature review, most authors suggest 
that pediatric RIMs are more aggressive, have higher rates 
of recurrence, and present with unusual histological findings 
(2,9).

Although the description of RIM is not standardized, the most 
common diagnostic criterion is a meningioma occurring within 
a previously radiated field after a defined latency period (63). 
The clinical behavior of RIMs differs from that of primary 
meningiomas (9,21); they are more aggressive, tend to recur, 
and also tend to form multiple tumors. To date, hundreds 
of radiation-induced neoplasms (RIN) have been reported. 
However, there is no well-established standard for follow-up 
surveillance for patients receiving radiotherapy. It is proven 
that there is a relationship between low-dose radiation and 
a long latency period (12,63). Genetic predisposition and 
additional chemotherapy are also thought to play important 
roles in reducing the latency periods of RIN.

According to the literature, children with medulloblastoma or 
acute lymphoblastic leukemia (ALL), treated with radiotherapy 
after surgery, are more sensitive to the development of 
RIMs than children with other types of malignant tumors 
(45,58,63,64). This study evaluates the outcomes of surgical 
and stereotactic radiosurgical treatment in four consecutive 
cases of RIMs and presents a review of the relevant literature.

█    MATERIAL and METHODS
Design of the Study

This retrospective study was approved by the medical ethics 
committee of our hospital (decision number 576/2015). 
Written informed consent was obtained from the patients and 
their first-degree relatives for the publication of their cases 
and accompanying images.

Our Experience and Criteria for RIMs 

Medical records were retrospectively reviewed to identify 
all cases of cranial meningiomas (n=389) diagnosed and/or 
surgically treated in the Department of Neurosurgery of our 

hospital between 2009 and 2016. The core sample for this 
study comprised all RIM patients (n=4). Tumors identified as 
RIMs in our study met the following criteria:

1)  They occurred in the RTP field. 

2)  They were not present prior to irradiation as confirmed by 
magnetic resonance imaging (MRI) at the initial diagnosis 
prior to surgery and RTP. 

3)  There was a delay of >5 years from the time of treatment 
to the appearance of the tumor. 

4)  The induced lesion was histologically distinct from the 
originally irradiated tumor (three tumors that developed 
after RTP for anaplastic and atypical meningiomas were 
excluded from this study), 

5)  The patient did not have a genetic disease such as 
neurofibromatosis type II or Gorlin’s syndrome, or a 
condition predisposing them to secondary malignancies 
(8,21,63). 

Patient characteristics, clinical presentation, primary malig-
nancies, radiation doses, latency periods, histopathological 
findings, and surgical outcomes are shown in Table I.

Selection of Articles and Literature Review 

Two of our authors (AA and BGA) conducted a systematic liter-
ature search for “radiation-induced meningioma”, “radiation-
associated meningioma”, and “secondary neoplasms after 
radiation therapy” in the PUBMED, MEDLINE, and GOOGLE 
SCHOLAR databases up to April 1, 2017. The search terms 
included “radiation-induced meningioma” and any of the fol-
lowing terms: “meningioma,” “radiotherapy-induced,” “sec-
ondary neoplasms after radiation therapy,” and “radiation-
induced.”

We obtained the full text of all the articles that were potentially 
eligible for inclusion in our review (n=276), and 34 articles 
were excluded due to duplication. The references listed in all 
potentially eligible articles were inspected to identify other 
eligible articles. Table II (Available only in online version) 
lists 242 articles. However, not all these references were 
original studies. We utilized reviews to minimize the number 
of references in this article, per the journal’s requirements. 
Review articles that did not report original data were excluded, 
although their references were checked for other eligible 
articles. This review only included original articles written in 
English. There were no limitations on the publication date.

Patient characteristics, such as patient age and sex at 
diagnosis, primary lesion, latency period from RTP to 
secondary meningioma diagnosis, total radiation dosage and 
chemotherapy for the primary tumor, histopathology of the 
primary brain tumor and secondary meningioma, location, 
therapy, and follow-up periods after secondary meningioma, 
are presented in Table II (Available only in online version).

Statistical Analysis 

All data are expressed as the mean±standard deviation with 
the range shown in parentheses. After a review of all RIM 
patients reported in the literature, differences between groups 
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we identified 2,126 cases of RIM diagnosed in 1,659 patients. 
Excluding the 20.3% (n=318) RIM patients with no sex 
reported, 56.2% (n=754) of patients were female. To the best 
of our knowledge, the largest previous survey reported 1,341 
RIM patients (Table II) (Available only in online version).

Our review of the literature revealed that the average latency 
period of RIMs was 26.2 ± 9.3 years (7 months–65 years)
(28,40). The rarity of pediatric RIMs (96 cases reported) 
compared with adult RIMs could be because of the slow-
growing nature of meningiomas. The mean latency period was 
approximately 31.4 ± 8.7 years in adults and 10.0 ± 4.1 years 
in children (Table II) (Available only in online version), with a 
tendency for shorter latency periods in patients treated with 
higher doses and in those who had undergone radiotherapy 
at younger ages (p<0.001). The latency period of RIMs was 
affected by the use of chemotherapy (12). The mean latency 
period of patients who received chemotherapy (ChT) and RTP 
doses of 12 to 46 Gy (n=205) was 15.7 ± 6.5 years, whereas 
that of patients who had received the same dose without 
chemotherapy was 27.8 ± 10.2 years (n=261) (p<0.038).

To understand the impact of radiation dose on latency period, 
we divided the RIM patients into four groups: low dose (LD) 
(≤10 Gy), intermediate dose (MD) (>10 to ≤20 Gy), high dose 
(HD) (>20 to ≤40 Gy), and very high-dose (VHD) (≥40 Gy) 
radiation. The latency periods of these groups were 36.0 ± 
4.8, 19.8 ± 9.2, 22.8 ± 4.2, and 13.2 ± 6.4 years, respectively 
(p=0.022).

Patients treated using RTP alone (with a negligible dose of 
radiation) were compared with those treated using RTP and 
additional ChT, it was found that additional ChT was an 
independent risk factor associated with an increased risk of 
recurrence [relative risk (RR)=0.51, OR=0.38, p<0.0001] and 
multiplicity (RR=0.48, OR=0.35, p<0.0001).

Meningotheliomatous (n=184), transitional (n=86), and 
fibroblastic (n=78) are the most common histological subtypes 
of WHO grade I RIMs. Of the 977 RIM patients with details 
provided, 161 (147 adults and 14 children) had a recurrence 
(16.5%). The rate of multiplicity in previously reported RIM 
patients was up to 16.1% (196 of 1,221).

█    CASE REPORTS (Table I)

Case 1 

A 38-year-old female patient underwent craniectomy to remove 
a midline vermian mass (Figure 1) that caused unsteady gait, 
headache, nausea, and vomiting at the age of 13 in the year 
1988. Histopathological examinations revealed that the mass 
was a desmoplastic (nodular) medulloblastoma (Figure 2A, B). 
She subsequently received curative high-dose craniospinal 
RTP (50 Gy) of the CNS and a focal boost of 15 Gy for the 
posterior fossa. The patient tolerated RTP well and had been 
controlled yearly. After 25.5 years, the patient was referred to 
our hospital with a 3-month history of headache, unsteady gait, 
nausea, and vomiting. Excluding the impairment observed on 
right cerebellar tests, the patient was neurologically intact. 
She had apparent alopecia and thin scalp skin. MRI revealed 

were assessed by a one-way analysis of variance (ANOVA) 
using the SPSS 21.0 statistical package. Significance in the 
multivariate model was determined using a p value of <0.05, 
and trend-level effects were defined as p=0.05–0.10. All p 
values were presented with an odds ratio (OR).

█    RESULTS
This series included one female (25%) and three male patients 
(75%) between the ages of 32 and 69 years, with a mean age 
of 47.3 ± 16.3 years. The baseline clinical characteristics, 
location, treatment, outcomes, and complications of treatment 
for all cases are shown in Table I. The most common symptom 
was headache (100%), which was followed by nausea and 
vomiting (75%). The mean preoperative course was less than 3 
months (range=1 day–3 months) with two patients presenting 
on the same day after the occurrence of the seizure, the third 
was referred with headache and an unsteady gait of 3 months. 
However, the fourth patient was asymptomatic despite three 
RIMs. This patient presented with a subarachnoid hemorrhage 
(SAH) related to cavernoma ruptures. The most common 
symptom was headache (100%). The most common location 
was frontal (n=3), and three patients had alopecia and thin 
scalp skin. The mean age of exposure to radiotherapy was 
18.5 ± 13.7 (10-39) years. The mean latency period was 19.2 
± 7.4 (11-59) years. The initial malignancies included two 
desmoplastic medulloblastomas in a 13-year-old female and 
an 11-year-old male treated with 65 and 54 Gy, respectively, 
and one grade II oligodendroglioma in a 39-year-old male 
treated with 30 Gy. The fourth patient, a 10-year-old male, 
received low-dose RTP for chronic otitis. Histopathological 
examinations of the first three patients revealed the following; 

1) fibroblastic-grade I in the right cerebellopontine angle 
(CPA), Ki-67 2%–3%, with a latency period of 25.5 years, 

2)  right frontal atypical meningioma grade II, Ki-67 8%, 21 
year latency,

3)  right frontal transitional grade I, Ki-67 3%–4%, 11 year 
latency, respectively. 

No biopsy was performed in the fourth patient, who had two 
right temporal and one left frontal RIM. This patient was treated 
using stereotactic radiosurgery. The mean follow-up period 
was 34.8 ± 39.4 months. One patient had rhinorrhea and 
died due to the involvement of meningitis on postoperative 
(PO) day 31. Another patient experienced a cerebrospinal 
fluid (CSF) fistula. Both were treated by plastic surgeons. 
The average duration of their hospital stay was 11.3 ± 13.7 
days. No patient had type 2 neurofibromatosis, chromosomal 
aberrations, or any genetic disease. RIM cases and series 
obtained from the literature are shown in Table II (Available 
only in online version).

Results of Literature Review and Analysis

A review of articles dealing with RIM yielded 242 studies, 
including ours, with the first case reported by Mann in 1953 (2) 
to the most recent case reported in April 2017. After excluding 
duplicate records, genetic studies, papers that did not include 
individual characteristics and 52 cases diagnosed at autopsy, 
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a tumor with isointense signal in the right CPA that consisted 
of two compartments (Figure 3A, B); the medial compartment 
did not show contrast enhancement, whereas the lateral 
compartment in the dura showed moderate homogenous 
contrast enhancement.

The patient underwent a right suboccipital craniectomy 
followed by a total resection of the lateral compartment 
and a biopsy of the suspected radiation-induced fibrotic 
tissue in the medial compartment. The excised mass was 
histopathologically diagnosed as a fibroblastic meningioma 
(WHO grade I) (Figure 4A, B). The Ki-67 index was 2-3% and 
no necrosis was observed. The mitosis count was low (1/10 
high-power field). No pleomorphism was observed. Biopsy 
of the medial compartment revealed arachnoidal fibrosis. 
The patient had a complete resolution of symptoms and was 
discharged on PO day 3. Early PO MRI (Figure 5A-C) revealed 

that gross-total resection had been achieved. She has had 
no recurrence over the last 3 years. Annual controls were 
recommended.

Case 2 

A 32-year-old male underwent craniectomy to remove a 
midline vermian mass that caused unsteady gait, nausea, 
and vomiting at the age of 11 in 1987. Histopathological 
examinations revealed that the mass was a desmoplastic 
medulloblastoma, and he subsequently received curative 
high-dose craniospinal RTP (42 Gy) of the CNS and a focal 
boost of 12 Gy for the posterior fossa. The patient tolerated 
RTP well and was controlled yearly. After 21 years, the patient, 
presenting with seizure, headache, nausea, and vomiting, was 
referred to our hospital. He was neurologically intact. Physical 
examination revealed swelling in the right anterior frontal 

Figure 2: 
Histopathological 
findings of tissue from 
the middle line vermian 
mass obtained from the 
patient in 1988 led to the 
diagnosis of the tumor as 
a desmoplastic (nodular) 
medulloblastoma (WHO 
grade IV). A) The choroid 
plexus is visible at the top 
right of this image and 
an infiltration of round 
tumor cells is visible at 
the bottom left (HE, ×100). 
B) A malignant round cell 
tumor at high power (HE, 
×200).

Figure 1: Postoperative 
computed tomography 
was performed after the 
first surgery in 1988. 
Note the postoperative 
changes, such as the area 
of encephalomalacia at 
the middle line of vermian.
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Case 3

A 50-year-old male patient underwent a right frontal craniotomy 
to remove a low-grade frontal glial mass that caused seizures 
and headaches at age of 39 in 1998. Histopathological 
examination revealed that the mass was a WHO grade II 
oligodendroglioma. He subsequently received curative high-
dose craniospinal RTP (30 Gy) of the cranial region. The 
patient tolerated RTP well and was controlled yearly. During 
a control visit in his tenth year, MRI revealed a parasagittal 
lesion measuring 1.5x2.2x1.9 cm (Figure 8). Surgery was 
recommended but the patient refused because he had no 
complaints. The patient was referred to our hospital 11 years 
after surgery with seizures after severe headache. Excluding 
a left lower extremity grade 4/5 weakness, the patient was 

region, apparent alopecia, and thin scalp skin. MRI revealed a 
parasagittal lesion related to the dura, measuring 3×2×2 cm in 
the right frontal region, and showing homogeneous contrast 
enhancement (Figure 6).

The patient underwent a right frontal craniotomy followed by 
a total resection of the lesion, galeal duraplasty, and acrylic 
cranioplasty. The excised mass was histopathologically 
diagnosed as an atypical meningothelial meningioma (WHO 
grade II). The Ki-67 index was 8%. The patient had complete 
resolution of symptoms and was discharged on PO day 
10. Early PO subcutaneous CSF fistula remained up to PO 
month 4 (Figure 7), when the patient was worrisome. Repair 
operations were performed two times. The patient received 
RTP after repairs were completed, and had no recurrence in 
the following 7 years. Annual controls were recommended.

Figure 3: Preoperative magnetic 
resonance imaging. A) Preoperative 
axial T1-weighted fluid-attenuated 
inversion recovery (FLAIR) MRI showing 
a tumor in the right CPA measuring 
5.5×7×3 cm. B) Preoperative coronal 
T1-weighted MRI. There are two 
compartments showing different 
contrast enhancements. The medial 
compartment lesion does not show 
contrast enhancement.

Figure 4A, B: 
Histopathological 
findings on tissue 
from the right CPA 
meningioma led to 
the diagnosis of the 
tumor as a fibroblastic 
meningioma (WHO 
grade I) (HE, ×200 in A 
and ×100 in B).
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abscess in his right ear at age 10. He subsequently received 
RTP. The patient could not remember the dosage but assumed 
that a low dose was prescribed. Except for the deafness in his 
right ear, he did well until he presented at our ER with severe 
headache, unsteady gait, dysarthria, nausea, and vomiting, 
which was followed by a few hours of impaired consciousness. 
The patient was on medication for hypertension. Cranial 
computed tomography (CT) and MRI showed diffuse SAH, 
three meningiomas (two in the right temporal region and a third 
in the left frontal region), two cavernomas (a ruptured one in the 
right cerebellum and another in the right basal ganglia), and a 
hematoma that filled the fourth ventricle (Figure 11A, B). Due 
to hydrocephalus, the patient was kept under observation for 
8 days and was then discharged without surgical intervention. 
After 3 months, another MRI was performed (Figure 12A-H). 
Susceptibility-weighted imaging (SWI) revealed 27 cavernous 

unaffected. He had apparent alopecia and thin scalp skin. 
MRI revealed a right frontal mass that displayed contrast 
enhancement and measured 5.3×4.8×7.1 cm (Figure 9A, B).

The patient underwent a right frontal craniotomy followed by 
a total resection of the mass, which extended to the lamina 
cribrosa and olfactory groove (Figure 10A, B). The excised 
mass was histopathologically diagnosed as transitional 
meningioma (WHO grade I). The Ki-67 index was 3–4%. On 
PO day 2, the patient experienced rhinorrhea that did not 
stop even after a lumbar drainage system was set up. A 
repair operation was performed. On PO day 20, the patient 
experienced meningitis and a deterioration of his neurological 
status. The patient died on PO day 31.

Case 4 

A 69-year-old male patient underwent surgery to remove an 

Figure 5: Early postoperative MRI from “Case 1”; A) axial T1W, B) coronal T1W, and C) sagittal sequences.

Figure 6: Coronal T1 
weighted MRI from “Case 
2” showing a parasagittal 
lesion related to the dura 
and measuring 3×2×2 
cm in the right frontal 
regions with homogenous 
contrast enhancement.
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█    DISCUSSION
The long-term side effects of irradiation on neural tissue in-
clude visual deterioration, hearing loss, hormonal disturbanc-
es, vasculopathy, brain and bone necrosis, atrophy, demye-
lination, calcification, fatty replacement of bone marrow, and 
the induction of new CNS neoplasms (54). RIMs usually arise 
in patients with a history of low-dose RTP to the cranial and 

angiomas (Figure 12A–E) and three meningiomas (Figure 
12F–H). Because of the risks associated with surgery, his 
family chose treatment with stereotactic radiosurgery. The 
patient received 16 Gy to treat the ruptured radiation-induced 
cerebellar cavernoma (RIC) and three RIMs. On his 9 month-
visit, the tumors were stable and had not progressed. After 
physical therapy, the patient was able to walk without support.

Figure 7: Postoperative month 4. Coronal T1-W MRI from “Case 
2” showing that the early postoperative subcutaneous CSF fistula 
remains.

Figure 8: The FLAIR T2-weighted MRI from “Case 3” was 
performed on his 10-year control visit. MRI shows a right frontal 
mass measuring 1.5×2.2×1.9 cm. The patient refused surgery 
because he had no complaints. Note the right frontal craniotomy 
defect, which was performed for the primary tumor.

Figure 9: An MRI from    
“Case 3” revealing a 
right frontal mass with 
homogeneous contrast 
enhancement and measuring 
5.3×4.8×7.1 cm. The mass 
extended into the lamina 
cribrosa and olfactory groove; 
A) axial T1W and B) coronal 
T1W sequences.
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However, the question of why the spinal cord is unaffected 
by radiation to the same extent as cranial tissues remains 
unanswered. This may be because the muscles and body 
spaces protect other body organs and the spinal cord rather 
than the calvarial bone. Other studies have revealed that 
mesodermal tissues are sensitive to oncogenetic stimulants 
(50), and this agrees with a study which claims that mitotic 
activity may be induced by as little as 0.35 Gy (62).

Criteria for defining radiation-induced tumors are well reported 
in the literature. To be considered as a radiation-induced 
lesion, a tumor must fulfill the following criteria; 

1)  It is in the RTP field. 

2)  It was not present prior to irradiation as determined by MRI 
at the initial diagnosis, prior to surgery and RTP. 

scalp regions for the treatment of benign diseases such as 
tinea capitis, or high-dose RTP for the treatment of malignant 
and aggressive intracranial tumors. There is no doubt that 
radiation-induced injury contributes to the development of 
meningiomas and other neoplasms. In 1953, Mann et al. first 
reported RIM. The patient was a 4-year-old girl who received 
6,500 Gy after resection of an optic nerve glioma. RIM was 
diagnosed 5 years later within the RTP field (2).

Shintani et al. reported that aggressiveness or malignancy 
was uncommon in RIMs among the survivors of the atomic 
bombing of Hiroshima. Their study suggested that there is 
no relationship between dose and the aggressiveness and 
malignancy of RIMs (55). Regardless of the source or dose 
of radiation, we believe that the meninges, bone, and brain 
will be affected by exposure to a sufficient dose of radiation. 

Figure 10: Early postoperative MRI 
from “Case 3”. MRI demonstrating 
that gross-total resection was 
performed; A) axial T1W and                
B) coronal T1W sequences.

Figure 11: MRI from “Case 4”, 
performed after presentation with 
SAH, showing a hematoma filling 
the fourth ventricle and relating to 
a vascular proliferative lesion in 
the right cerebellum; A) Axial T2-
weighted MRI. B) Axial diffusion 
ADC MRI.
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serious complications such as rhinorrhea and CSF fistulas. 
Follow-up operations were performed on two of our patients 
for rhinorrhea and subcutaneous CSF fistula. The patient with 
rhinorrhea was lost after the involvement of meningitis.

Synchronous RIMs and RICs are a rare occurrence with 
only five papers identified in our review of literature (Table II)
(Available only in online version) (5,13,33,42,47). A study by 
Mack and Wilson first described synchronous RIMs and RICs 
in three patients, although few details were provided (42). 
The study defined RICs as vascular malformations. All three 
patients were females with a history of high-dose radiation 
(52.5 Gy, 40 Gy, and a non-specified high dose) for optic 
glioma, ependymoma, and acoustic neuroma, respectively 
(47). Three other cases were described as multiple RICs 
accompanied by a single RIM (13,33,47), and one case was 
described as a ruptured RIC. This case was diagnosed only 
7 years after surgery for medulloblastoma, and the patient 
subsequently received 54 Gy (33).

Keezer and Del Mastro found 85 patients with RICs in the 
literature, of whom 40% had multiple cavernomas. In this 

3)  There was a delay of several years from the time of 
treatment to the appearance of the tumor (e.g., after high-
dose RTP for medulloblastoma, latency periods of RIMs 
ranged from 16 months to 37 years, with an average of 
18.3 ± 7.7 years). 

4)  The induced lesion must differ histologically from the 
originally irradiated tumor. 

5)  The patient does not have a genetic disease such as 
neurofibromatosis type II or Gorlin’s syndrome, or a 
condition predisposing them to secondary malignancy 
(8,21,63). In our series, all requirements were met.

The most common findings on physical examination of 
RIMs are scalp lesions such as alopecia, cutaneous atrophy, 
cutaneous telangiectasias, and chronic dermatitis. In some 
patients, calvarial osteomyelitis was present (2,7,15,51,54,64) 
and three cases presented with alopecia and thin scalp. 
All patients received high-dose radiation. Scalp lesions 
complicated surgical approaches to RIMs. In such cases, 
surgery must be planned with plastic surgeons to avoid 

Figure 12: An MRI on 3 months after hemorrhage showing multiple cavernomas and meningiomas. A) Axial SWI-MRI showing a 
cavernoma in the right basal ganglia measuring 1.10 × 1.02 × 1.5 cm. B) Axial SWI-MRI showing a ruptured cavernoma in the right 
cerebellum measuring 0.92×1.02×0.9 cm. C–E) Axial sections from an SWI-MRI showing several cavernomas indicated by red circles. 
Red arrows indicate cavernomas in (D). F–H) Axial T1-weighted MRI showing two right temporal masses (F and H) and a left frontal 
parasagittal mass (G), all of which show homogeneous contrast enhancement and measure 1.22×1.34×1.8 cm, 2.35×1.34×2.2 cm, and 
1.13×0.8×1.2 cm, respectively.
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Among 977 RIM patients with detailed reports, 618 patient 
reports did not include details on the recurrence and 64 
patients were not treated surgically. Among the remaining 161 
patients, 16.5% had a recurrence (147 adults and 14 children)
(Table II) (Available only in online version), whereas 3–11.4% 
had a recurrence among those with primary meningiomas (49). 
The recurrence in the two RIM survivors in our study was not 
detected until 38 and 89 months after surgery. The previously 
reported rate of multiplicity in RIM patients was up to 16.1% 
(196 of 1221) (Table II) (available only in the online version). In 
our RIM series, one patient had multiple RIMs.

Given the aggressive nature and high rate of recurrence of 
RIMs, wide resection margins in the involved dura mater are 
vital. In cases where the tumor involves under- or overlying 
bone, the osseous portion of the tumor should be radically 
removed because osseous invasion has been linked to higher 
rates of tumor recurrence. Surgery may be followed by RTP in 
patients with RIMs if radical excision cannot be achieved (59-
61). The authors recommend bone removal and replacement 
with acrylic graft if there is a suspicion of osseous invasion. 
In the third case, resection of all bone, dura, and tumor 
was performed, followed by galeal duraplasty and acrylic 
cranioplasty. The patient was treated with adjunct RTP in PO 
month 6.

█    CONCLUSION
RIM is a late effect of curative RTP. In children with 
medulloblastoma and adults with oligodendroglioma, RTP 
is a major component of curative treatments. Therefore, the 
incidence of RIMs is expected to increase in the future. In such 
patients, yearly MRI should be performed to scan all fields 
exposed to RTP. To avoid recurrence, aggressive surgical 
removal is recommended. To reduce fatal complications such 
as rhinorrhea, plastic surgeons should be involved in the 
surgical management plan.
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