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Introduction

Chronic subdural hematoma (CSDH) mainly affects the el-
derly population. With increase in life expectancy, present
incidence rate of CSDH is predicted to duplicate by the end of
this decade.1,2 Though surgery continues to be the most
commonly employed treatment, recurrence is a major cause
of concern.3 Embolization of the middle meningeal artery
(MMA) is a new emerging treatment modality and offers

hope in repeated recurrences and in patients not fit for
surgery.4–6 In this article, we have tried to analyze the
selection criteria and usefulness of this procedure in CSDH
which was performed with minimal resources. To the best of
our knowledge, this is the first such study done in a third-
world country, like India, where affordability can be a
potential limiting factor to employing this modality for the
treatment of CSDH.
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Abstract Introduction Chronic subdural hematoma (CSDH) is relatively common and usually
encountered in elderly population. With steady increase in life expectancy, incidence of
CSDH also is bound to increase proportionately. Though surgery is the treatment of
choice and relatively a simpler procedure, recurrence is a cause of concern. Emboliza-
tion of the middle meningeal artery (MMA) is a newly evolving treatment modality in
CSDH and offers hope in some of the recently published case series.
Materials and Methods Five cases of CSDH were subjected to embolization of MMA
over a period from October 2019 to July 2020. Among them, it was employed for
treatment in four cases after at least two recurrences following surgery, and in one
case, it was done as the patient was not fit for surgery. All procedures were done under
general anesthesia and polyvinyl alcohol (PVA) particles were used for embolization.
Follow-up of the patients were done with computed tomography brain at 4 weeks and
after 6 months of the procedure.
Results There was no incidence of recurrence in our series. Furthermore, emboliza-
tion per se did not cause any complication or side effect which could be directly
attributable to the procedure itself.
Conclusion In carefully selected patients based on clinical profile and angiographic
findings, MMA embolization can be an effective modality for the treatment in CSDH.
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Materials and Methods

Five cases of CSDH from October 2019 to July 2020 were
included in the study. Embolization was done in four cases
after at least two episodes of recurrences following surgical
evacuation of the hematoma and in one case because he was
not fit for surgery. The details of the patients are mentioned
in ►Table 1. All the procedures were done under general
anesthesia. Exclusion criteria of the study were defined as
following:

• Patients with focal deficits.
• Glasgow coma scale (GCS) less than 15.
• Midline shift in computed tomography (CT) more than

1 cm.
• No recurrence without any comorbid conditions.
• Digital subtraction angiography (DSA) showing collateral

circulation with ophthalmic artery.
• DSA not showing any abnormal architecture of MMA.

The method of embolization was standardized. Initially a
diagnostic catheter was passed through a short sheath of 5
French in the femoral artery. It is then navigated and manip-
ulated over a guide wire into the common carotid artery. It is
now used as a guiding catheter, and through it, a micro-
catheter (Echelon; Medtronic) is passed over a guide wire
(Avigo; Medtronic). Selective angiography of the MMA is
then done. If DSA findings fulfilled the exclusion criteria,
microcatheter is advanced to the end branches of MMA for
embolization. Material used was polyvinyl alcohol (size:
250µm) in all cases in a mixture of heparinized saline.
Immediately, following procedure, CT brain was done and
patients were kept on follow-up, and CT brain was repeated
4 weeks and 6 months after the procedure (►Table 1).

Results

►Table 1 depicts the clinical profile of all the cases. Mean age
was 76.8 years. MMA embolization was done in four cases
with previous history of CSDH who were treated surgically.
One patient had bilateral disease. MMA embolization was
offered as a primary therapy in one case due to multiple
comorbidities. Four out of five cases had definite history of
major or trivial trauma. Angiographically, complete occlu-
sion of the frontal and parietal branches of the MMA was
achieved in all the cases (►Figs. 1–4). Contrast pooling in the
subdural cavity immediately following embolization was
observed in two cases (►Fig. 5). No complication or side
effect attributable to the procedure itself was encountered.

Discussion

Exact pathophysiology of CSDH is still amatter of debate. The
most accepted theory is rupture of the cortical bridging veins
following trivial trauma or sometimes by indirect mecha-
nisms.7 Afterward, stripping of the outer layer of duramater
leads to a series of events culminating in cell proliferation,
inflammatory response, and granulation tissue formation.8,9

End result is hyper fibrinolysis within the clots and forma-
tion of microcapillaries.9–11 These microvessels in the outer
membrane form anastomotic channels with the MMA per-
forators.12,13 They are very fragile and can lead to recurrent
hematomas.12,14,15 Because there is a definite role ofMMA in

Table 1 Summary of patients

Age/sex Comorbidities Altered
coagulation
profile

History of Trauma Recurrence
before procedure

Hematoma
side

Follow-up after
4 and 24 weeks

78/M Diabetes No Yes 3 episodes Bilateral No recurrence

84/M PTCA, diabetes,
hypertensive

Yes No None Left No recurrence

68/F Hypertension No Yes 2 episodes Right No recurrence

72/M Hypertension, Diabetes No Yes 2 episodes Right No recurrence

82/M Diabetes, hypertension No Yes 3 episodes Right No recurrence

Abbreviations: F, female; M, male; PTCA, percutaneous transluminal coronary angioplasty.

Fig. 1 Preembolization image showing branches of MMA with parent
vessel. Marked arrow shows the abnormal vascular network in CSDH.
CSDH, chronic subdural hematoma; MMA, middle meningeal artery.
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the pathology of CSDH, addressing the root cause of the
formation of CSDH can be a viable solution to treat primary
event, as well as to prevent repeated recurrences following
surgery. Link et al while describing radiographic findings of
MMA embolization of CSDH showed irregular cotton wool
staining of the distal MMA vessels and contrast filling in the
hematoma cavity.16 Because of these reasons, over the years,

Fig. 3 (Top) Preembolization CT image of a case of Left sided CSDH.
(Bottom)Gradual absorptionof thehematomapost embolizationat1-month
follow-up. CSDH, chronic subdural hematoma; CT, computed tomography.

Fig. 4 Postembolization image showing occlusion of the MMA
branches in the same patient. MMA, middle meningeal artery

Fig. 5 Immediate post embolization CT brain of a patient showing
pooling of the contrast material used in DSA in the hematoma cavity.
CT, computed tomography.

Fig. 2 Complete occlusion of the frontal and parietal branches of
MMA following embolization. MMA, middle meningeal artery.
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embolization in CSDH has gained ground and there are
several reports of employing this modality to interrupt the
blood supply of the CSDH membrane. The details of MMA
embolization are being elaborated in detail by authors in a
detailed review on this topic.17

However, in our opinion careful case selection is manda-
tory. Surgical evacuation can provide immediate relief unlike
embolization. In our series, all the cases presented with only
headache or milder symptoms and did not require urgent
decompression. Also cost of the procedure, availability of
necessary infrastructure, and trained manpower can be
limiting factors more, so in a developing country like us to
suggest this therapy routinely in CSDH cases.

Though embolization is relatively a safe procedure and
complications are very unlikely, we should keep in mind the
embolic complications. Linket al has described thepresence of
a petrosal branch of MMA in some cases supplying the vasa
nervorum of cranial nerve VII in the petrous bone and the
importance of keeping the microcatheter tip well past the
petrous tip, even if this branch is not visualized to
prevent complication. He also described the importance to
identify and avoid the ophthalmic collaterals with the
orbital/meningolacrimal branch of MMA to prevent compli-
cations.16 In author’s opinion, these branches are of very small
caliber and can bemissed in the angiogram if the vessels are in
spasm. Therefore we have done all the procedures under
general anesthesia for optimum pain control and to prevent
vasospasm. There is no uniformity regarding the choice of
embolic material and a variety of materials have been used in
different studies.17Wehave taken into account the affordabil-
ity of patients and hence used polyvinyl alcohol in our study.
Particle size used was between 150 and 200µm to ensure
uniform and effective embolization of MMA and to prevent
embolism. In our study, despite embolization being done at
different time intervals for different patients, satisfactory
results were seen in all the cases. In literature too, there is
noconsensus regarding the timingofembolization.Depending
on patient variables like age, recurrence, comorbidities, and
coagulation parameters, ideal timing should be decided.

Limitations

Our study is not without limitations. First of all, it is a retrospec-
tive analysis of a very small sample with inherent reporting
biases to arrive at a definite conclusion about the utility of this
procedure compared. Second, we have not compared the effec-
tiveness of this study to othermodalities of treatment including
conservatively managed cases with mild symptoms and there-
fore cannot comment that it is superior to surgery. Third, longer
follow-up duration is required to conclusively comment about
recurrence. Data are entirely descriptive and are based on the
report at a definite time period.

Conclusion

Till date, there is no randomized controlled trial reported in
the literature of large sample comparing MMA embolization
to surgical treatment. Initial reports mostly of very small

sample size; however, they do offer hope. Being minimally
invasive, requiring less hospital stay and avoiding wound
complications, this procedure addresses the main etiological
factor of the genesis of CSDH and hence may be effective.
However careful case selection based on angiographic find-
ings, clinical profile, and presenting symptoms of the
patients are mandatory.
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