
Youssef et al. Egypt J Radiol Nucl Med          (2022) 53:129  
https://doi.org/10.1186/s43055-022-00806-z

RESEARCH

Mineralizing microangiopathy: radiological 
features of a "not uncommon" complication 
of chemoradiotherapy in pediatric cancer 
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Abstract 

Background: Mineralizing microangiopathy represents one of the delayed complications of radiotherapy and 
chemotherapy. We reviewed clinical and radiological data of pediatric cancer patients who presented with mineraliz-
ing microangiopathy. This is a retrospective analysis of the medical records of 37 cancer children treated with chemo-
radiotherapy presented with imaging criteria suspected of mineralizing microangiopathy admitted to our hospital 
during the period 2015–2020. The CT was reviewed for distribution of calcification and MRI for signal criteria.

This study aims to raise awareness among radiologists about radiological features of mineralizing microangiopa-
thy during the sequential routine follow-up brain scans of pediatric cancer patients who received chemo, radio, or 
combined chemoradiotherapy and to identify changes as a long-term delayed complication of therapy and avoid 
misdiagnosis.

Results: Thirty-seven pediatric cancer patients (17 female and 20 males, aged 1.5–18 years) who had mineralizing 
microangiopathy were thoroughly investigated. Most of them (32 patients) had brain tumors and 5 patients had 
leukemia. Cranial radiotherapy and systemic chemotherapy were given to 33 patients, while nine patients received 
intrathecal chemotherapy. The interval needed to develop mineralizing microangiopathy ranged from 1 to 10 years 
after the end of treatment. CT detected calcification in the basal ganglia, being the most common location (32 cases), 
followed by cerebral gray–white matter interface in 26 patients, cerebellum (18), brain stem (13), thalamus (5), and 
caudate nucleus (4), while dural calcifications were found in only one patient. MRI was considered “positive” when T1 
hyperintensity was noted in the anatomical location of CT detected calcification; it was positive in 29 cases.

Conclusion: Mineralizing microangiopathy is one of the delayed complications of chemoradiotherapy among pedi-
atric cancer patients. The awareness of its radiological criteria is essential to avoid misdiagnosis. Early detection can 
alert pediatric oncologists to monitor neurotoxicity and help prevent long-term neurological sequels.
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Background
Malignant tumors are the second most common cause of 
death among children in the USA, preceded by accidents 
[1]. The most common cancer in children is acute lymph-
oblastic leukemia (ALL) (26%), central nervous system 
tumors (21%), neuroblastoma (7%), and non-Hodgkin 
lymphoma (NHL) (6%) [2].
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Cancer therapy, including chemotherapy with or 
without cranial radiotherapy, is potentially toxic to the 
nervous tissue [3]. If chemo and radiotherapy are used 
concurrently, it is difficult to evaluate each one’s contri-
bution to the toxic effect on brain tissue and they may 
have a synergistic effect. It is recognized that chemo 
agents can be radiosensitizers lowering the toxic thresh-
old and radiotherapy affects the integrity of the blood–
brain barrier potentiating the effect of the chemo agent 
given [4]. Recently with increased cure rate and survi-
vors, the recognition of the delayed therapeutic compli-
cation is increased. Therapy-related sequelae are a major 
cause of mortality in the survivors of childhood cancer 
[5, 6].

Mineralizing microangiopathy is recognized as one of 
the uncommon delayed complications of cancer therapy 
-It occurs most commonly with combined radiother .[7]
apy and chemotherapy, with children more susceptible 
than adults. Therefore, the radiologist should be aware 
that these toxicities can be asymptomatic and his prompt 
reporting may be of great value to the referring physician 
and his patients.

Histologically, mineralizing microangiopathy is char-
acterized by calcium deposition in small vessels due to 
fibrinoid necrosis [8]. It is present in the walls of precap-
illary arterioles, capillaries, venules, and smaller arteries 
such as the lenticulostriate artery. It also develops in the 
perivascular neural tissue secondary to mineralization of 
plasma fluids, which leak out of the damaged vessels, and 
regional ischemia resulting from the circulatory impair-
ment. An autopsy study of radiotherapy-treated leuke-
mic children showed mineralizing microangiopathy in 28 
(17%) of 163 patients [9].

We aimed to highlight the imaging findings consistent 
with mineralizing microangiopathy in pediatric patients 
surviving cancer treatment.

Methods
Inclusion criteria
Retrospective analysis of the electronic medical records 
of 37 childhood cancer patients treated with chemother-
apy and/or cranial radiotherapy presented with imag-
ing criteria suspected of mineralizing microangiopathy 
admitted to our hospital during the period 2015–2020.

Exclusion criteria
This study excluded any child with large intracranial 
residual or recurrent lesion (which may mask the calci-
fication and hinder their assessment) and children who 
had a history of intracranial infection (the most common 
cause of pediatrics intracranial calcifications).

Machines and techniques
All CT scans were performed at our institution using 
(SOMATOM Definition AS +  Siemens Healthcare 
GmbH, Germany). The images were recorded at 0.6 cm 
slice thickness, 80  kV voltage, 75  mA currents, 20  s/
scan, 360o  rotation, and 5  mSv radiation dose. Gen-
eral anesthesia was administered to the patients dur-
ing CT scan if required. All images were converted to 
patients’ DICOM file formats (field of view [DFOV] 
51.2 × 61.5 cm).

All subjects underwent MRI examinations at our 
institution using a superconducting 3 Tesla unit 
(Philips, Achieva, Best, The Netherlands). A standard 
head circularly polarized coil was used for MRI while 
the patients lay in a supine position using the follow-
ing sequences: axial T1 FSE (TR = 450 ms, TE = 12 ms), 
axial T2 SE (TR = 4540  ms, TE = 96  ms), and sagittal 
T1SE (TR = 430  ms, TE = 10  ms). Other MRI param-
eters included slice thickness of 5 mm with a 1–2 mm 
gap and a matrix size of 256 × 256 mm.

Evaluation of performed examinations
Two radiologists (S.H and A.Y) with 8 and 15  years 
of experience in neuroradiology evaluated the stud-
ies independently from each other. We evaluated 
all scans undergone by the patient before and after 
chemoradiotherapy treatment to detect the first traces 
of calcifications and analyzed all the following scans 
within the period of the study to define the progress of 
development.

Clinical data analysis included demographic data, pri-
mary malignancy, clinical symptoms, and signs at the 
time of diagnosis of mineralizing microangiopathy, sys-
temic chemotherapy regimen, radiotherapy field and 
dose, local intrathecal chemotherapy that is given, and 
the time interval between the end of initial treatment 
and the date of mineralizing microangiopathy diagnosis 
(Table 1).

Statistical analysis
Data were coded and entered into the SPSS software 
for statistical analysis. Quantitative variables were 
described as mean and median, while qualitative vari-
ables as frequency and percent and compared using the 
chi-square test and p value of significance if less than 
0.01.

Results
Clinical characteristics
The clinical characteristics of the 37 children with min-
eralizing microangiopathy are shown in  Table  1. The 
median age was 8  years (range 1.5–18y). Thirty-two 
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Table 1 Clinical characteristics of 37 pediatric cancer patients with mineralizing microangiopathy

M; Male F; female ALL; acute lymphoblastic leukemia, MB; medulloblastoma, ATRT; atypical tetartoid rhabdoid tumor, PNET; primitive neuroectodermal tumor, BSG; 
brain stem glioma, HDMTX; high-dose methotrexate, HDAC; high-dose Ara C. UL; upper limb, LL; lower limb

No. Age Sex Diagnosis Clinical symptoms Signs Systemic 
chemotherapy

Radiotherapy Intrathecal 
chemotherapy

Years from the end 
of treatment till MM

1 11 M ALL Headache, blurring 
vision

HDMTX-HDAC Yes Yes 4

2 1.5 M ALL Convulsion HDMTX-HDAC No Yes 2

3 8 M ALL Convulsion HDMTX –HDAC Yes Yes 4

4 4 M ALL Convulsion HDMTX No Yes 2.5

5 4 F ALL Convulsion Spastic LL HDMTX No Yes 2

11 M ALL Headache, blurring 
vision

HDMTX-HDAC Yes Yes 4

6 16 M Craniopharyn-
gioma

Headache, Convul-
sion

No Yes No 9

7 15 F Craniopharyn-
gioma

Headache, blurring 
vision

Squint No Yes No 4

8 3 M ATRT Headache Ataxia Yes Yes Yes 2

9 10 M Ependymoma Headache, Convul-
sion

Yes Yes No 6

10 11 f Pineoblastoma Headache, Convul-
sion

Yes Yes No 3

11 11 F PNET Headache, Convul-
sion

Yes Yes No 8

12 3 M MB Headache Squint Yes Yes No 8

13 10 M MB Slurred speech Yes Yes No 9

14 11 F MB Convulsion, aphasia Yes Yes No 5

15 9 F MB Convulsion Yes Yes No 5

16 5 F MB Hearing impair-
ment

Yes Yes No 1.5

17 3 F MB Headache Yes Yes No 5

18 3 F MB Headache Spastic LL Yes Yes No 4

19 6 M MB Squint Squint Yes Yes No 3

20 8 M MB Convulsion Yes Yes No 1

21 9 M MB Asymptomatic Yes Yes No 7

22 14 M MB Headache Yes Yes No 2

23 14 M MB Asymptomatic Yes Yes No 6

24 9 F MB Behavioral changes Ataxia Yes Yes No 10

25 4 F MB Ataxia Ataxia Yes Yes No 4

26 6 F MB Headache Yes Yes No 2

27 11 M MB HEADACH Yes Yes No 4

28 15 M MB Asymptomatic Yes Yes No 7

29 18 M MB Asymptomatic Yes NO No 10

30 13 F PNET Convulsion Yes Yes No 6

31 3 F ATRT Asymptomatic Yes Yes Yes 1

32 8 M MB Convulsion UL paresis Yes Yes No 1

33 1 M BSG Convulsion No Yes No 1

34 3 M ATRT Asymptomatic Yes Yes Yes 1

35 1 M BSG Convulsion No Yes No 1

36 3 M ATRT Asymptomatic Yes Yes Yes 1

37 6 F MB Convulsion, Ataxia Ataxia Yes Yes No 6
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(86%) patients had brain tumors: medulloblastoma was 
the most common (n = 20 patients) followed by atypical 
teratoid rhabdoid tumor (ATRT) (n = 4 patients), while 
five patients were diagnosed with acute leukemia.

Seven patients (19%) were asymptomatic, while 
headache was the most common clinical presentation 
(n = 13, 35%), followed by convulsion (n = 11, 30%), 
ataxia (n = 2, 5%), slurred speech, hearing impair-
ment, squint and behavioral changes in one patient 
each. Most patients (92%) received radiotherapy to the 
brain as part of their treatment except in three leuke-
mia patients, while 9 (24%) patients received intrathe-
cal chemotherapy. Thirty-three (89%) patients received 
systemic chemotherapy.

The median time interval between the end of treatment 
and the diagnosis of mineralizing microangiopathy was 
4 years (range 1–10 years).

Radiological findings
CT detected calcification in all patients, with the basal 
ganglia being the most common location (n = 32), fol-
lowed by cerebral gray–white matter interface (n = 26), 
cerebellum (n = 18), and thalamus in five patients, cau-
date nucleus in four patients and one patient had dural 
calcifications (Figs. 1, 2). Table 2 summarizes the distri-
bution of CT-detected calcifications. The absence of any 
edema or mass effect excludes the possibility of neoplas-
tic or inflammatory processes.

Fig. 1 A 9-year-old male patient with acute lymphocytic leukemia, CT a, b shows faint calcifications located at the basal ganglia bilaterally and right 
temporal lobe. Follow-up CT 3 years later c, d and e shows progression of the basal ganglia calcifications, newly developed asymmetrical frontal 
and parietal as well as temporal subcortical calcifications. Axial T1WI f only detected bright signal at the basal ganglia bilaterally and the subcortical 
calcifications are hardly seen
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On the other hand, MRI was considered “positive” 
when T1 hyperintensity was noted at the anatomical 
location of the CT detected calcification; it was positive 
in 29 cases with the basal ganglia showing the most evi-
dent abnormalities (Figs. 1f and 2f ).

Discussion
The most common long-term sequel after cancer therapy 
is brain tissue atrophy and volume loss. However, miner-
alizing microangiopathy is considered one of the delayed 
complications of chemoradiotherapy. It represents dys-
trophic calcification within the brain substance and usu-
ally develops after combined chemotherapy and central 
nervous system (CNS) radiation treatment in childhood 
[5].

The direct effects of delayed radiation-induced damage 
on the brain and spinal cord include focal CNS necrosis, 

diffuse white matter injury, CNS atrophy, mineralizing 
microangiopathy, hemorrhagic telangiectasia, optic neu-
ritis, and large vessel vasculopathy. These entities result 
mainly from injury to the small vessels. Mamlouk MD 
et al. [10] described the mineralizing microangiopathy as 
a non-inflammatory deposition of calcium and mucopol-
ysaccharides in non-tumorous areas of the brain. These 
deposits occur in the vasculature. In the arteries, they are 
confined to the intima, while the entire wall is affected in 
the veins.

The risk of this complication is more remarkable 
in children less than 10 years of age who have under-
gone radiotherapy as stated by Vázquez E et  al. [5]. In 
our study, about 70 percent of the cases (n = 26/37) are 
younger than 10 years old.

Mineralizing microangiopathy has been reported after 
radiation treatment for patients with craniopharyngiomas 

Fig. 2 A 16-year-old female with treated medulloblastoma, CT done 6 year after end of therapy a–d shows calcifications located at the left 
cerebellum a, pons b basal ganglia and thalami bilaterally as well as gray–white matter interface c and d. Axial T1WI e and f shows foci of bright 
signal at the basal ganglia and thalami bilaterally (e) as well as gray–white matter interface (f)
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as described in a case report by Srinivasan KG et al. [7], 
in addition to medulloblastoma and CNS leukemia, as 
illustrated in Torrisi JM et  al. [8] who listed the tumors 
may be associated with mineralizing microangiopathy, 
also described radiation-induced mineralizing micro-
angiopathy in a case of recurrent craniopharyngioma. 
In our study, brain tumors followed by leukemia are the 
primary tumors of the patients who developed mineral-
izing microangiopathy after therapy. In the present study, 
medulloblastoma is the most common among brain 
tumors.

Some of the present study patients were asymptomatic 
and were incidentally discovered during the routine fol-
low-up of their original disease; however, the headache 
was the most common among the symptomatic patients 
(35%) followed by convulsion, ataxia, and slurred speech. 
In concordance with many studies [7], 10, 11] reported 
that microangiopathy was asymptomatic in most cases 
and is an incidental finding on follow-up CT examina-
tions [12]. On the other hand, it may be associated with 
the development of focal epilepsy, neurological defi-
cits, abnormal electroencephalogram (EEG) tracings, 
impaired intellectual function, and abnormal behavior 
[7], 10, 11].

As expected, CT is more sensitive in the detection of 
calcification compared to MR as described by Espag-
net MC et al. [6] and Suzuki S et al. [13]. In the present 
study, basal ganglia were the most common location of 
calcification followed by the gray–white matter inter-
face of different cerebral lobes, cerebellum, brain stem, 
and thalami which were also affected. Lewis E and Lee 
YY [14] described seven patients with mineralizing 

microangiopathy with dystrophic calcification present 
in the corticomedullary junction, lentiform nucleus of 
the basal ganglia, corticomedullary junction, and dentate 
nucleus of the cerebellum, respectively [14]. Also, many 
review articles described the same pattern [11&14].

As MR was recently used as the standard technique for 
imaging of the brain in post-therapeutic follow-up, the 
effect of calcium deposition on signal intensity in MR 
images has generally been thought to be of low signal on 
T1-weighted and T2-weighted images, due to a paucity 
of mobile protons. However, in our series as well as in the 
series of  Suzuki S et  al. [13],  calcification demonstrated 
an increased signal on T1-weighted sequences.

Such paradoxically increased signal on T1-weighted 
images has been attributed to a surface relaxation mecha-
nism associated with particulate calcium, resulting in 
shortening of both T1 and T2 relaxation times [15].

The limitations of this study were its retrospective 
nature; MRI was done without T2* or susceptibility-
weighted images which are more sensitive than T1WI in 
the detection of calcification. Prospective studies includ-
ing all patients who received chemotherapy and/or cra-
nial radiation to detect the prevalence of mineralizing 
microangiopathy in children after cancer therapy are 
warranted. Ongoing surveillance and long-term follow-
up for such children with mineralizing microangiopathy 
are needed to identify the squeal of such not uncommon 
complication.

Conclusions
An elevated level of suspicion is needed to recognize 
the imaging features of CNS complications after cancer 
therapy. Radiologists need familiarity with the features 
of mineralizing microangiopathy in order to accelerate 
the imaging diagnosis and minimize the associated mor-
bidity and avoid the misdiagnosis of other lesions. A full 
understanding of the pathology and mineralizing micro-
angiopathy predisposing factors may eventually decrease 
its incidence and lead to improvement in the quality of 
life of long-term cancer survivors particularly children.
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