
DOI: 10.1017/cjn.2024.328 

This is a manuscript accepted for publication in Canadian Journal of Neurological Sciences. 

This version may be subject to change during the production process. 

 

 

Imaging for management of chronic Subdural Hematoma- a review 1 

 2 

Sandeep Devgan,
1
 MD, Dr. Jai Shankar

1
 MD, DM, MSc, FRCPC 3 

 
4 

1
Department of Radiology, University of Manitoba, Winnipeg, Manitoba, Canada. 5 

 6 

Conflicts of Interest: The authors have no conflicts of interest to declare. Dr Jai Shankar is the 7 

PI for EMMA Can study which is a randomized control trial for EMMA for Chronic subdural 8 

hematoma in Canada.  9 

 10 

Sources of Funding: No funding was received for this research. 11 

 12 

Short Title: Imaging for chronic subdural hematoma management 13 

 14 

E-mails: 15 

Sandeep Devgan, Email- devgans@myumanitoba.ca 16 

Dr. Jai Shankar, Email- shivajai1@gmail.com 17 

 18 

Corresponding Author: Dr. Jai Shankar MD, DM, MSc, Diagnostic and interventional 19 

neuroradiologist and Professor of Radiology, Department of Radiology, University of Manitoba, 20 

Winnipeg, Manitoba, Canada, Email: shivajai1@gmail.com  21 

https://doi.org/10.1017/cjn.2024.328 Published online by Cambridge University Press

mailto:devgans@myumanitoba.ca
mailto:shivajai1@gmail.com
https://doi.org/10.1017/cjn.2024.328


 

 

ABSTRACT:  22 

 Radiologic imaging has become integral in not only the detection and diagnosis of 23 

subdural hematoma (SDH), but also in guiding potential treatment options. Particularly, in the 24 

arena of chronic SDH, which has conventionally been managed via surgical drainage, although is 25 

shifting toward intervention with embolization of the middle meningeal artery (MMA). We 26 

review the imaging manifestations of SDH as a function of chronicity, standardized methods of 27 

measurement, and identify the MMA and its clinically significant variant anatomy as it pertains 28 

to embolization planning. Equipped with a more comprehensive approach to characterizing 29 

SDH, the radiologist will be able to curate findings of greater utility to the clinician.   30 

 31 

Summary points- 32 

• Highlights the imaging characterization of subdural hematoma (SDH) in the era of 33 

embolization of middle meningeal artery (EMMA) as well as the surgical drainage for 34 

chronic SDH.  35 

• Highlights the characterization of chronic or non-acute SDH and its size assessment.  36 

• Identifying the anatomy of middle meningeal artery (MMA) on CT angiography.   37 
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INTRODUCTION: 38 

 Subdural hematoma (SDH) is a collection of blood products between the dura and 39 

arachnoid meninges, which surround the brain parenchyma. The dura mater is the outermost 40 

layer of the meninges and is continuous with periosteum of the skull. The dura reflects along the 41 

midline, where the two cerebral hemispheres adjoin, to form the cerebral falx. The dura is also 42 

reflected along the inferior surface of the cerebral hemispheres and superior surface of the 43 

cerebellar hemispheres to form the tentorial leaflets. The dural venous sinuses are contained 44 

within these reflections. Cortical veins drain into the dural venous sinuses by traversing across 45 

the subdural space, and SDH is conventionally thought to result from tearing of these bridging 46 

veins
1
. 47 

 However, in the setting of chronic SDH (cSDH), trauma may actually play a minor or 48 

absent role. Instead, cSDH development and progression is posited to be driven foremost by 49 

inflammation. The dura is lined with a layer of connective tissue cells termed dural border cells, 50 

and damage to these border cells may initiate a sustained inflammatory response, resulting in 51 

neomembrane formation and fluid accumulation
2
.  52 

 Although surgical evacuation has conventionally been the management of cSDH, given 53 

the underlying inflammatory pathophysiology, there has been a shift toward embolization of the 54 

middle meningeal artery (EMMA) as a potential therapeutic option, as it may theoretically 55 

decrease neovascularity, and therefore inflammation within the subdural space (figure 1).  56 

 Radiologic outcomes will be a cornerstone for any future trial looking to compare the 57 

efficacy of EMMA with surgical drainage. However, for there to be any meaningful comparison 58 

either within a trial or between trials, there must be a standardized approach to interpreting 59 

imaging. The purpose of this paper is then to review the literature for different approaches to 60 

characterizing SDH, review pertinent anatomy of the MMA , and highlight the importance of 61 

neck imaging for therapeutic planning.  62 

 63 

GENERAL ANATOMY AND APPEARANCE: 64 

 Knowledge of the anatomy of the subdural space aids in understanding the imaging 65 

morphology of SDH. Classically, SDH appears as a concavo-convex, or crescentic, extra-axial 66 

collection overlying the cerebral convexities. Because of the dural reflections, SDH rarely 67 

crosses the midline. However, SDH can collect along the cerebral falx or tentorial leaflets. 68 
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Unlike epidural hematoma, SDH can cross suture lines because only the dura mater, and not the 69 

underlying arachnoid mater, is adherent to the calvarium at the sutures
1
.  70 

 The chronicity of SDH can be ascertained by the radiodensity of blood products 71 

measured in Hounsfield units (HU). The general trend is a decrease in radiodensity of blood 72 

products overtime with an estimated decrease of approximately 1.5 HU per day
1,4,5 

(Figure 2).  73 

  74 

ACUTE SUBDURAL HEMATOMA: 75 

 Acute SDH (aSDH) is characterized by blood products zero to several days in age. The 76 

majority of aSDH (60%) are hyperdense when compared to the brain parenchyma, with 77 

attenuation ranging from 50 to 80 HU. The remainder of aSDH (40%) demonstrate mixed 78 

hyperdensity and hypodensity
6
. The hypodensity may relate to unclotted blood products, CSF 79 

leakage through torn arachnoid membranes, or severe anemia
7
. In fact, a “swirl sign”, where 80 

there are hypodense pockets in a predominately hyperdense collection, has been associated with 81 

active extravasation of unclotted blood
8
.   82 

 83 

SUBACUTE SUBDURAL HEMATOMA: 84 

 Subacute SDH is characterized by blood products approximately several days to a few 85 

weeks in age. In the subacute stage, hematoma begins to organize with hemoglobin degradation 86 

and neomembrane formation. New or recurrent hemorrhage may relate to bleeding from bridging 87 

cortical veins, or friable neomembranes
1
. 88 

 Although the distribution of hematoma is similar, the collection becomes progressively 89 

hypodense. In the absence of new hemorrhage, the collection becomes isodense with adjacent 90 

brain parenchyma, typically within 10 - 14 days. As a result, subtle signs of mass effect, such as 91 

sulcal or ventricular effacement, may be the only clues to suggest presence of subacute SDH. 92 

However, subacute SDH often demonstrate mixed attenuation as blood products are in various 93 

stages of degradation. As a result, there is a subtle hematocrit gradient with more hyperdense 94 

blood product layering dependently within the hematoma
1,5

.  95 

 96 

CHRONIC SUBDURAL HEMATOMA:   97 

 cSDH is characterized by blood products greater than 2 to 3 weeks in age. As blood 98 

products continue to degrade, there is progressive liquifecation of the hematoma, and formation 99 

https://doi.org/10.1017/cjn.2024.328 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2024.328


 

 

of a fibrous capsule. In the absence of new hemorrhage, cSDH is usually homogeneously 100 

hypodense, although may also demonstrate a subtle hematocrit gradient
1
.  101 

 cSDH may develop internal septations, which can appear hyperdense. The fibrous 102 

capsule may also appear hyperdense, becoming thickened and coarsely calcified over time
5,6

.  103 

 The appearance of a homogeneously hypodense cSDH may be indistinguishable from a 104 

subdural hygroma, which is a sudural collection of CSF as a result of traumatic arachnoid 105 

tearing, passive effusion in setting of spontaneous intracranial hypotension, dehydration, or brain 106 

atrophy. The only distinguishing factor may be prior imaging demonstrating subdural blood 107 

products
1
.  108 

 Additionally, cSDH and subdural hygroma may be difficult to distinguish from 109 

prominent extra-axial CSF spaces secondary to brain volume loss. In the setting of severe 110 

volume loss, a large volume of subdural hemorrhage or CSF can be accommodated without signs 111 

of mass effect. The presence of cortical vessels traversing the extra-axial space favours volume 112 

loss, as these would be displaced in the setting of a subdural collection
5,9

.  113 

 114 

ACUTE ON CHRONIC SUBDURAL HEMATOMA: 115 

 Heterogeneity within SDH may relate to acute hemorrhage into an existing cSDH. This 116 

was again conventionally thought to result from tearing of bridging cortical veins, although now 117 

thought to be secondary to an underlying inflammatory process with formation of new “leaky” 118 

blood vessels, which allow for microhemorrhages. Different from the subtle hematocrit gradient, 119 

is a more distinct layering of acute hyperdense blood products dependently resulting in a “fluid-120 

fluid” level. Acute hyperdense blood products may also be scattered, or more compartmentalized 121 

and appear loculated
10

.   122 

 123 

NON-ACUTE SUBDURAL HEMATOMA: 124 

 There is significant variation in the reported incidence of cSDH, ranging from 1.72 - 20.6 125 

per 100,000 persons per year. Although some of this variation can be attributed to geographic 126 

differences, an aging population, and increasing uptake of antithrombotic medications, part of it 127 

may relate to a lack of standardized imaging parameters for characterizing cSDH
11

. Instead, SDH 128 

may be classified as acute or non-acute, where non-acute SDH is constituted by more than 50% 129 
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of the total hematoma volume being iso or hypodense to the brain parenchyma on non-contrast 130 

CT
12

.  131 

 132 

MEASURING CHRONIC SUBDURAL HEMATOMA: 133 

 Accurate and reproducible measurements of SDH is crucial for not only conveying a 134 

sense of magnitude, but also in monitoring the evolution of hematoma, particularly when 135 

evaluating treatment response. Although no standardized approach exists, there are a few 136 

commonly employed techniques for measuring SDH .  137 

Width: The simplest parameter to measure is width. The width of a hematoma is measured 138 

perpendicular to the inner table of the calvarium (Figure 3a). On axial images, caution must be 139 

applied above the level of the superior temporal line, as slices are no longer perpendicular to the 140 

calvarium, but rather oblique due to the curvature of the cranial vault (Figure 3b). As a result, the 141 

use of coronal reformats may be helpful
13 

(Figure 3c).   142 

Volume: Volume of hematoma is best evaluated using multiplanar reformats. Volume can be 143 

estimated using the formula V = ABC/2, which approximates the volume of half an ellipsoid, 144 

where A, B, and C correspond to the perpendicular measurements of length, width, and height of 145 

hematoma
14-17 

(figure 4). The input for A, B, and C should represent the corresponding 146 

maximum values, which may not be on the same image slice
15

. Height may be measured by 147 

multiplying the number of axial slices with visible hematoma by the slice thickness
14-16

.  148 

Midline Shift: Due to the closed nature of the cranium, the space occupying effect of SDH often 149 

results in sulcal effacement and compression of the CSF spaces. The degree of space occupying 150 

effect can be conveyed by measuring the midline shift (MLS). A few techniques for estimating 151 

MLS exist.  152 

 One method for estimating MLS involves measuring the inner diameter of the skull (a), 153 

followed by measuring the distance from the inner table of the skull to the septum pellucidum 154 

contralateral to the hematoma at the same level (b). MLS can be estimated by the formula: MLS 155 

= (a/2) - b
18 

(Figure 5a). 156 

   Given the potential for skull asymmetry and patient misalignment in the scanner, 157 

another widely adopted method includes estimating MLS from the ideal midline (iML), which is 158 

a line drawn between the anterior and posterior points of the visible falx. MLS is then calculated 159 
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as the distance perpendicular to the iML extending to the farthest point of the displaced septum 160 

pellucidum
18

 (Figure 5b). 161 

 Both of these methods can be employed at various fixed locations, such as at the level of 162 

the foramen of Monro, thalamus, and mid-septum pellucidum, or simply at the level where there 163 

is maximal displacement of the septum pellucidum. Overall, the method employing ideal midline 164 

(iML) may provide greater inter-rater concordance
19

.   165 

 166 

FOLLOW-UP IMAGING:  167 

 There are a few limitations to accurately measuring SDH, which makes assessment for 168 

progression on subsequent imaging challenging. As mentioned previously, above the level of the 169 

superior temporal line axial slices are no longer perpendicular to the calvarium due to the 170 

curvature of the cranial vault. A similar obstacle arises when attempting to measure subtentorial 171 

hematoma
13,16

. 172 

 Measuring MLS is complicated in the scenario of bilateral SDH, where mass effect from 173 

opposing hematoma may balance one another out
20,21,22

. Similarly, MLS may be minimal in the 174 

scenario of advanced brain parenchymal atrophy, where the subdural space is able to 175 

accommodate a large volume of hematoma with negligible MLS 
1,23

.    176 

 Additionally, as the shape of hematoma deviates from the ideal half-ellipsoid shape, 177 

becoming lenticular or even loculated, assessment of total volume becomes less accurate
22 

178 

(Figure 6).  179 

 Although laborious, measuring SDH volume on follow-up imaging is intuitively the most 180 

accurate as it attempts to quantify hematoma in multiple planes. However, further research is 181 

required for validation. In the absence of any further evidence, ongoing clinical trials on the 182 

cSDH should standardize measurement criteria on initial imaging, and implement the same 183 

criteria on follow-up imaging for ideal comparison. Using multiple measurement methods in 184 

future studies will aid in determining the most optimum technique to employ in the clinical 185 

setting.  186 

 187 

NEUROANGIOGENESIS:   188 

 One of the key issues with cSDH is recurrence. The rate of recurrence ranges from 7.5 - 189 

29%, with greater than 90% within 2 months of the initial surgery
24

. Recurrence is more likely 190 
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with bilateral hematoma, significant brain atrophy, and anticoagulation
25,26

. Reoperation is often 191 

complicated by an older and comorbid demographic
25

. The treatment cost associated with 192 

recurrent cSDH may be 132% greater than non-recurrent treatment cost
27

. 193 

 Although conventionally thought of as sequela of trauma, propagation of cSDH may 194 

instead largely be facilitated by a cascade of inflammation, angiogenesis of fragile vessels, and 195 

ultimately, hemorrhage
2
. Radiologically, inflammation and neovascularity manifests as an 196 

increase in the median diameter of the MMA ipsilateral to a cSDH
28

. Additionally, on 197 

conventional angiogram, regions of contrast blush are thought to represent ongoing leakage or 198 

micro-hemorrhage. Because pathophysiology dictates management, EMMA attempts to reduce 199 

the degree of neovascularity, thereby decreasing the volume of cSDH and reducing the risk of 200 

recurrence.       201 

 202 

IMAGING FINDINGS OF MIDDLE MENINGEAL ARTERY:  203 

 With the increasing use of EMMA for management of cSDH , the knowledge of anatomy 204 

of the MMA for guiding neurointerventional management is paramount
29

. Although digital 205 

subtraction angiography remains the gold standard for delineating the MMA, CT angiography 206 

(CTA) is being increasingly used for planning of EMMA. The advances in multidector CT 207 

imaging allows for identification on most thin-section CT angiogram protocols. Despite this, 208 

identification of the normal calibre MMA is not routine practice, as it is relatively small in 209 

caliber, and there is a lack of emphasis on its significance within the current literature. 210 

 211 

NORMAL ANATOMY:  212 

  The external carotid artery (ECA) has 8 major branches, of which the two terminal 213 

branches include the superficial temporal artery and the internal maxillary artery (IMAX). The 214 

IMAX is the larger of the two terminal branches and gives rise to the MMA as its first major 215 

branch. The MMA courses superiorly through the foramen spinosum to supply the cranial 216 

meninges
30

. On axial images, it can be seen anterolateral to the internal carotid artery (ICA) just 217 

below the level of the skull base (Figure 7). Although pertinent, the variant anatomy of MMA is 218 

not very well seen on CTA. With more experience on CTA for identifying MMA, we will be 219 

able to identify the variant anatomy of MMA. Identifying these variants is crucial for keeping the 220 
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procedure of EMMA safe as well as giving a very good idea about the technical feasibility of 221 

EMMA. 222 

 223 

VARIANT ANATOMY: 224 

 There are multiple clinically significant variants of MMA anatomy, including 225 

communications to a few important vessels, such as the ophthalmic, internal carotid, ascending 226 

pharyngeal, and occipital arteries. These communications may serve as useful treatment routes, 227 

or be characterized as “dangerous anastomoses” when considering interventions such as 228 

embolization
31

.  229 

Accessory Meningeal Supply of the MMA: The accessory meningeal artery is usually a branch 230 

from the IMAX, although can also arise from the MMA. It enters the skull via the foramen ovale, 231 

where it can have multiple intracranial anastomoses, including with the MMA. In fact, it can 232 

supply the MMA to varying degrees, ranging from supply of the frontal and petrous branches of 233 

the MMA to complete supply of the MMA
31

.  234 

 235 

Orbital anastomoses and Variants: The MMA has multiple communications within the orbit, 236 

which exist on a spectrum, such that the connections may be small or large. When the 237 

anastomoses are prominent, the MMA may become the primary supply of the orbit, or vice-238 

versa
31

. 239 

 When the MMA has a conventional origin from the IMAX, communication with orbital 240 

vessels occurs via the sphenoid branch of the MMA. The communicating vessels travel along the 241 

sphenoid ridge to enter the orbit via the superior orbital fissure (SOF) and/or foramen of Hyrtl 242 

laterally
31

. 243 

Meningo-opthalmic Variant: Conventionally, supply of orbit occurs via the ophthalmic artery, a 244 

branch arising from the supraclinoid ICA anteriorly. In this variant, the orbit is completely 245 

supplied by the MMA via the anastomoses of the sphenoid branch of the MMA and ophthalmic 246 

artery, termed the meningo-opthalmic artery, which enters the orbit via the SOF
31

. 247 

Meningo-lacrimal Variant: Partial supply restricted to the lateral orbit and lacrimal gland by the 248 

MMA can occur via anastomoses of the sphenoid branch of the MMA and lacrimal branch of the 249 

ophthalmic artery, which enters the orbit via the foramen of Hyrtl
31

. 250 
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Recurrent Meningeal Variant: At the other end of the spectrum, a more common variant is 251 

supply of the MMA from the ophthalmic artery. The degree of supply also exists on a 252 

continuum, whereby supply from the ophthalmic artery may be restricted to a single MMA 253 

territory, while the remainder is supplied via the conventional IMAX pathway
31

 (Figure 8 and 254 

Figure 9).       255 

 256 

IMAGING OF THE NECK: 257 

 A comprehensive workup for potential therapeutic embolization for SDH must include 258 

arterial imaging of the neck. A survey of the neck vessels to delineate tortuosity, atherosclerotic 259 

disease, and aberrant anatomy provides a roadmap for vascular access planning. Imaging of neck 260 

is particularly important as patients of cSDH are usually older and could potentially have other 261 

vascular comorbidities (Figure 10).  262 

CONCLUSION:  263 

 Attempts at characterizing the chronicity of SDH based on time course since onset is 264 

complicated by not only a lack of a time-based consensus within the literature, but also in the 265 

scenario where the initial time of onset is not known, and imaging must be interpreted without 266 

the benefit of chronology. Instead, having an imaging consensus of acute vs non-acute SDH 267 

based on attenuation characteristics may promote uniformity within the literature. Similarly, 268 

future trials should standardize the measurement protocol on the initial imaging and utilize the 269 

same approach on subsequent follow-up for consistency. The use of multiple measurement 270 

methods may lead to the validation of the less cumbersome methods, which may be more 271 

clinically feasible.  272 

 It is important to recognize the normal origin of the MMA on CTA, particularly as it 273 

traverses through the foramen spinosum. If normal origin of MMA on CTA is not identified, 274 

attempt at EMMA may not be undertaken, regardless of the variant anatomy. Similar to stroke 275 

patients, extension of the CTA to include the neck vessels is paramount for vascular access 276 

planning.    277 

 278 
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 366 

Figure 1: Follow up of SDH following surgical evacuation and EMMA: (a) Non-contrast CT 367 

head demonstrating large right convexity SDH, which is largely isodense/hyperdense to brain 368 

parenchyma, although contains some hypodensity, suggestive of possible non-acute  369 

component. (b) Non-contrast CT head 2 months following surgical evacuation and EMMA 370 

demonstrates expected evolution of SDH, which appears smaller and more hypodense. (c) Non-371 

contrast CT head 8 months following surgical evacuation and EMMA demonstrating further 372 

interval improvement with only thin residual hypodense SDH and no evidence of recurrent SDH.  373 
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Figure 2: From left to right: Axial non-contrast imaging of the brain day 0,7, and 11 from onset 375 

of subdural hematoma (SDH). Note general decrease in attenuation of SDH with time since 376 

onset. 377 

 378 
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Figure 3: Pitfalls of measuring SDH width: (a) 3D reconstruction demonstrating superior 380 

temporal line (black arrow), which is a bony ridge arising from the zygomatic process of the 381 

frontal bone, and serves as the attachment of the temporal fascia. (b) Coronal CT head on bone 382 

window at the level of the superior temporal line (dotted red line). (c) Attempting to measure 383 

SDH width on an axial image above the superior temporal line may result in overestimation. (d) 384 

As a result, above the superior temporal line, SDH width measurements perpendicular to the 385 

inner table of the calvarium on coronal reformats may be more accurate and reproducible. 386 
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Figure 4: Manual measurement of SDH volume as given by half-ellipsoid volume formula V = 388 

ABC/2, where V (volume), A (width), B (length), and C (height). Measurement (solid blue line) 389 

of SDH width (a), length (b), and height (c). Values of A, B, and C should be perpendicular to 390 

each other and represent the maximum values, which may not be on the same slice. 391 

Alternatively, SDH height (C) may be calculated by the product of slice thickness and the 392 

number of slices where SDH is visible.  393 
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 395 

Figure 5: Methods for measuring midline shift (MLS): (a) Given by formula MLS = (A/2) - B, 396 

where (A) is the inner diameter of the skull, and (B) is distance from the inner table of the skull 397 

to the septum pellucidum contralateral to the hematoma at the same level. (b) Ideal midline 398 

(iML) is drawn between the anterior and posterior points of the visible falx. MLS is then 399 

calculated as the distance perpendicular to the iML extending to the farthest point of the 400 

displaced septum pellucidum. 401 
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Figure 6: Pitfalls of measuring SDH volume: As SDH shape deviates from the ideal half-403 

ellipsoid shape, becoming locualted or tracking along the falx, the formula to estimate SDH 404 

volume becomes less accurate. More conventionally shaped crescentic (blue arrows) vs. 405 

Posterior falx SDH (red arrow). 406 

 407 
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Figure 7: Normal MMA anatomy: On CTA (a - f), inferior to superior axial images at the level of 409 

the skull base demonstrating termination of the external carotid artery (ECA) into the superficial 410 

temporal artery (STA) and internal maxillary artery (IMAX). The middle meningeal artery 411 

(MMA) is conventionally the 1st branch of the IMAX and travels through the foramen spinosum 412 

to enter the cranial vault. On DSA (g), the ECA terminates into the STA and IMAX. The MMA 413 

is conventionally the 1st branch from the IMAX. The MMA gives rise to multiple branches, 414 

including parietal, petrosal, frontal, and sphenoid. 415 
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Figure 8: Case of aberrant MMA anatomy: (a - d) Inferior to superior axial CTA images at the 417 

level of the skull base demonstrating MMA origin and course through the foramen spinosum on 418 

the right. However, expected origin of the MMA on the left is absent, suggestive of aberrant 419 

supply. 420 
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Figure 9: Case of aberrant MMA anatomy: (a) Patient subsequently underwent conventional 422 

DSA of the ECA, which failed to demonstrate conventional origin of the MMA from the IMAX. 423 

(b) Conventional DSA of the ICA demonstrated supply of the MMA entirely from the 424 

ophthalmic artery (OA), also known as recurrent meningeal variant. As a result, patient was not a 425 

candidate for EMMA. (c - e) Inferior to superior CTA axial images at the level of the orbits. In 426 

retrospect, the OA supplying the sphenoid branch of the MMA can be seen on the CTA, although 427 

would have been difficult to definitively call prospectively. 428 

 429 
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 431 

Figure 10: (a) Sagittal reformat of CTA aortic arch and carotid demonstrating low insertion of 432 

the left common carotid artery (L CCA) on the aortic arch. (b) 3D coronal reformat of CTA 433 

aortic arch and carotid demonstrating low insertion of the left common carotid artery (L CCA) 434 

on the aortic arch. Given challenging anatomy, patient was not take for EMMA. Left subclavian 435 

artery (L SCA), brachiocephalic artery (BCA). Given challenging anatomy, patient was not taken 436 

for EMMA. 437 
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