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ABSTRACT

Chronic subdural hematoma (CSDH), which generally occurs in elderly patients, is a 
frequently diagnosed condition in neurosurgical departments. Computed tomography 
(CT) and magnetic resonance imaging (MRI) are the most preferred diagnostic modalities 
for CSDH assessment. With early diagnosis and adequate management, CSDH may show 
favorable prognosis in majority of the patients; however, recurrence after surgery can 
occur in a significant number of patients. The recently increasing number of CSDH studies 
could reveal the prognostic factors affecting CSDH recurrence. Particularly, radiological 
characteristics regarding the internal architecture of CSDH are considered closely associated 
with recurrence in surgically treated CSDH patients. In this literature review, we evaluated the 
various diagnostic modalities of CSDH and its radiological characteristics on CT and MRI. 
Furthermore, we summarized the prognostic factors of recurrence for the hematoma type 
based on the radiological findings.
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INTRODUCTION

Chronic subdural hematoma (CSDH), which generally occurs in elderly patients, is a 
frequently diagnosed condition in the neurosurgical department.2,49) The overall incidence 
of CSDH is estimated as 1.72–20.6/100,000 per year, and it increases significantly in the 
population aged >65 years.34,42,61) The pathophysiology for formation of CSDH remains 
unclear, and a current concept supports the notion that prior acute subdural hematoma 
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formation is not the only primary event.33) Recently, complex inflammatory reactions, 
angiogenesis, local coagulopathy, and recurrent micro-hemorrhage have been suggested to 
play a key role in hematoma formation, expansion, and maintenance.7,9,11,26)

The Neurotrauma Clinical Practice Guidelines Committee of the Korean Neurotraumatology 
Society (KNTS-NCPGC) is striving to develop clinical practice guidelines for neurotraumatic 
diseases with full support from the society. KNTS-NCPGC selected CSDH as the first topic for 
the development of clinical practice guidelines, as its prevalence is increasing with aging of 
the population and the research on the CSDH-associated morbidity according to the diagnosis 
and treatment strategies is progressing remarkably.13) While six key questions for CSDH were 
developed and their systematic reviews are in progress, we, the KNTS-NCPGC, established a 
question on the radiological assessment for CSDH diagnosis as the first question.

More specifically, the first question was whether computed tomography (CT) or magnetic 
resonance imaging (MRI) is useful as a diagnostic modality in CSDH patients with 
neurological symptoms. Although the question became more specific and narrower, it was 
intended to be consistent with the development process of the clinical practice guidelines. 
Despite the limitations in the systematic review for the first question, KNTS-NCPGC has 
been doing its best to review the radiologic assessment modalities for CSDH systematically, 
and this review is an “overview review” conducted as a step before the systematic review.

CT and MRI are the most preferred diagnostic modalities for the assessment of CSDH.39) 
Preoperative radiological parameters associated with CSDH recurrence include preoperative 
thickness and volume of the hematoma, hematoma density, unilateral or bilateral 
localization, and internal architectures.3,10,25,40,50,51,60,63) Particularly, radiological characteristics 
regarding the internal architecture of CSDH are considered closely associated with recurrence 
in surgically treated CSDH patients.44,56) In this review, we aimed to evaluate the radiological 
characteristics of CSDH on CT and MRI and summarize the prognostic factors of recurrence 
regarding the hematoma type based on radiological findings.

CT SCAN FOR CSDH

Non-contrast CT remains one of the most useful tools in the evaluation of CSDH, owing to 
its cost effectiveness, rapid availability, and diagnostic sensitivity. CSDH presents various 
imaging characteristics on CT. As suggested by Nakaguchi et al.,44) the type of CSDH with 
respect to the internal architecture is categorized as homogeneous, laminar, separated, or 
trabecular (TABLE 1).

Several authors have presented the diversity in the rebleeding tendency with regard to the 
different hematoma types, which corresponds to the possible stages in the natural course 
of a CSDH.44,56) Based on the study by Nakaguchi et al.,44) a subdural hygroma progresses 
into an iso- or hyperdense homogeneous hematoma. This stage is called the homogeneous 
stage, in which the balance between the coagulative and fibrinolytic activities is maintained 
and the rebleeding rate is moderate. Sometimes, a high-density line develops during the 
homogeneous stage to form an indistinct hyperdense structure along the inner membrane, 
which is called the laminar stage. Due to the greater vascularity of the laminar stage than that 
of the homogeneous stage, the recurrence rate may be slightly higher in the former than in 
the latter. As the hematoma matures, fibrinolysis occurs, and the hematoma separates into a 

13

CSDH Radiological Assessment Review

https://doi.org/10.13004/kjnt.2022.18.e24https://kjnt.org

https://orcid.org/0000-0003-1244-6969
https://orcid.org/0000-0003-1244-6969
https://orcid.org/0000-0003-2847-3822
https://orcid.org/0000-0003-2847-3822
https://orcid.org/0000-0003-2501-0400
https://orcid.org/0000-0003-2501-0400


low-density component lying above a high-density lesion, which is called the separated stage. 
This separated type hematoma has the highest postoperative rebleeding tendency because 
of its hyperfibrinolytic activity.47,56) After this stage, the hematoma develops trabeculae with 
moderately hyperdense fibrous tissue lying in a hypo- or isodense matrix.31) This trabecular 
type is considered as the resolution stage of the CSDH, and the risk of bleeding from the 
hematoma capsule is the lowest because of its fibrous components.27)

Ohba et al.47) reported recurrence in 177 patients after surgery for CSDH. The reported 
recurrence rates were 9.0%, 12.5%, 31.0%, and 5.1% in the homogeneous, laryngeal, 
separated, and trabecular types of hematoma, respectively, which were consistent with 
previously reported results. The results published by Chon et al.10) are also in concordance 
with those of other studies. They reported the outcome of 420 surgically treated CSDH 
patients, wherein the recurrence rate was the highest (38%) in the separated type CSDH 
group. In contrast, none of the 30 patients with trabecular type CSDH experienced 
hematoma recurrence. The recurrence rates reported in the published literature evaluated 
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TABLE 1. Type of chronic subdural hematoma on computed tomography by internal architecture24)

Architecture type CT scan Description

Homogeneous Hematoma exhibiting complete homogeneous density 
(homogeneous hypo-, iso-, hyperdensity)

Laminar Hematoma which had thin high-density layer along the inner 
hematoma membrane

Separated Hematoma containing two component of different densities (lower 
density above higher density component) with a clear margin lying 
between them If the margin is indistinct, hematoma is the gradation 
type (subtype of separated type)

Trabecular Hematoma with inhomogeneous density components and a high-
density septum

CT: computed tomography.

TABLE 2. Reported recurrence rate evaluated by type of chronic subdural hematoma in the literature
Studies Overall recurrence rate (%) Homogeneous type (%) Laminar type (%) Separated type (%) Trabecular type (%)
Nakaguchi et al.44) 16 15 19 36 0
Ohba et al.47) 11.3 9.0 12.5 25.0 5.1
Chon et al.10) 21.9 7.1 31.0 37.8 0
Stanisic et al.56) 14.9 6.5 26.7 29.2 18.8
Oh et al.46) 5.8 4.4 2.3 14.1 2.0
Stanišić et al.57) 15.9 17.7 37.5 12.5 5.3
Hammer et al.23) 26.0 14.3 28.6 36.4 26.3
Jung et al.29) 13.7 20.8 16.7 13.6 8.6



by the predefined CSDH type are given in TABLE 2. Within the homogeneous type, the 
recurrence rates were higher in the hyperdense subtype than in the iso- or hypodense 
subtypes (TABLE 3).5,28,32,37,48,55,56) These results suggest that CSDH with rapid progression 
appearing as hyperdense on CT in the relatively acute phase has a high recurrence rate.

Miah et al.41) reported a radiological prognostic factor for CSDH recurrence in their meta-
analysis. They reported that laminar or separated hematomas presented a higher risk of 
postoperative recurrence (relative risk [RR] 1.37, 95% confidence interval [CI] 1.04–1.80 
and RR 1.76, 95% CI 1.38–2.16, respectively) than those without these features. There was 
no difference in hematoma recurrence between the trabecular type (RR, 0.88; 95% CI, 
0.52–1.49) and non-trabecular type, with high study heterogeneity (I2=61%). Moreover, each 
type of CSDH seems to have different inflammatory reactions associated with different 
chemical compositions.21) Frati et al.18) analyzed the role of the concentration of inflammatory 
cytokines in the postoperative recurrence of CSDH. In the separated hematoma type group, 
the concentration of inflammatory cytokines was the highest, which correlated with a greater 
tendency for rebleeding, whereas the trabecular type showed the lowest concentration, 
corresponding to low postoperative recurrence. Therefore, if the situation permits, operating 
in the homogeneous or trabecular stage, and not in the laminar or separated stage, may 
reduce the recurrence rate.47) Stanisic et al.56) demonstrated high postoperative recurrence in 
patients who had undergone surgery within 60 days of head trauma. The authors postulated 
that surgery of younger hematomas with immature fibrosis of the neomembranes or 
trabeculae could lead to higher postoperative recurrence.

However, several published studies have described a high recurrence rate in the trabecular 
type, corresponding to multi-cavitary hematoma.23,45,58) The discrepancy in these results may be 
attributed to the discordance between the architectural categories of hematomas used in various 
studies (i.e., hematoma with multiplicity of cavities, loculated hematoma, and multilobular or 
multilayered hematoma) as well as difficulties in determining the correct categories due to intra- 
or interobserver variability. Although CT is considered a standard diagnostic modality for CSDH, 
it has several limitations, such as distinguishing between hypodense CSDH and other subdural 
collections, such as effusion or hygroma.16,43) Additionally, isodense hematoma of small sizes 
are barely recognizable on CT, whereas they are easily diagnosed on MRI.4,17) It is also difficult to 
discern the margin of isodense CSDH, particularly when they are bilateral.24,54)

MRI FOR CSDH

Undoubtedly, the standard diagnostic tool for CSDH is CT; however, many studies continue 
to report the effectiveness of MRI.8,20,22,38,59) Naturally, this is because the hematomas and their 
internal structures can be identified more accurately on MRI. However, considering the cost 
and time taken for the examination, there are doubts about its effectiveness.
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TABLE 3. Reported recurrence rate within homogeneous hematoma type
Studies Hypodense hematoma Isodense hematoma Hyperdense hematoma
Jeong et al.28) 0% (0/37) 0% (0/55) 22.7% (5/22)
Song et al.55) 0% (0/15) 7.7% (2/26) 0% (0/6)
Oishi et al.48) 0% (0/15) 2.3% (1/43) 17.2% (5/29)
Ko et al.32) 1.9% (1/52) 2.5% (3/118) 27.6% (8/29)
Kwon et al.37) 0% (0/20) 1.7% (1/59) 3.1% (1/32)
Amirjamshidi et al.5) 5.1% (3/59) 7.7% (1/13) 60% (6/10)



In the study by Callovini et al.,8) an organized hematoma was identified in the subdural space 
using MRI before surgery. For multilayered or multilobulated hematomas, craniotomy with 
membranectomy was performed instead of burr hole trephination as the initial treatment. The 
authors reported a recurrence rate of 6% (2/34 patients). Based on the MRI findings, Goto et 
al.22) classified CSDH into hyperintensity, iso - or hypointensity, mixed intensity, and layered 
intensity lesions on T1-weighted imaging (WI) and T2WI (FIGURE 1). Iso- or hypointense 
hematomas were confirmed to have a higher postoperative recurrence rate than that of 
hyperintense hematomas on T1WI (18.2%, 29/159 patients). Tsutsumi et al.59) also reported that 
when burr hole trephination was performed, non-high signal intensity hematomas on T1WI 
showed a high recurrence rate of 11.6%, and the bleeding tendency was also high in them.

Fujitani et al.20) attempted to predict the growth of a contralateral hematoma after unilateral 
burr hole trephination in bilateral CSDH. After analysis using the T1 and T2 sequences of 
MRI, they reported that a significantly greater percentage of the hematomas that were iso- or 
hypointense on preoperative T1WI showed growth as compared to the other hematomas. In 
conclusion, Sherrod et al.52) conducted a meta-analysis and suggested that preoperative T1 
hypo- or isointensity CSDH signals may predict an increased postoperative recurrence risk.

In addition to conventional MRI (T1WI or T2WI), there have been studies using diffusion 
MRI, which presents images using the movement of water molecules. Typically, a structured 
hematoma involves thick, fibrous, collagenous membranes, and blood clots. Calcium, 
hemosiderin, and cholesterol accumulate in the membranes and trabeculae. In contrast, 
diffusion MRI reveals a low signal intensity for the liquid component, comparable to that of 
normal cerebrospinal fluid.6,14,35,36) Lee et al.38) reported the utility of diffusion MRI. When burr 
hole trephination was performed in CSDH patients, it was reported that hematomas with 
homogeneous signal intensity on diffusion MRI showed a low recurrence rate. Yokoyama et al.62) 
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T1WI

T2WI

Hyperintensity Iso or hypointensity Mixed instensity Layered intensity

FIGURE 1. Type of chronic subdural hematoma on magnetic resonance imaging. Hematomas were classified as hyper-, iso-, or hypo-intensity, mixed intensity, 
and layered intensity lesions on T1WI and T2WI. 
WI: weighted imaging.



suggested that a reversible decrease in the fractional anisotropy value in the affected pyramidal 
tract on diffusion tractography correlated with motor weakness. Kuwahara et al.36) reported that 
bleeding in the outer membrane could be confirmed using diffusion MRI. Furthermore, Akgun 
et al.1) reported cases with slightly decreased perfusion on early postoperative perfusion MRI and 
suggested that it was related to postoperative neurological deterioration.

MRI can show various stages of hemoglobin degradation in the hematoma. If T1WI shows 
high-signal intensity, it reflects free methemoglobin, whereas low-signal intensity indicates 
relatively fresh bleeding with deoxyhemoglobin.30)

The growth of CSDH is related to the stability of the hematoma.19) There appears to be a 
complex process of inter-related mechanisms that propagates an increase in the hematoma 
volume, including inflammation, membrane formation, angiogenesis, and fibrinolysis.12) 
Contrary to existing ideas, there are various novel proposals for various the mechanisms 
and etiologies of CSDH.15,61) As it is quite a heterogeneous disease entity, interpretation of 
CT images alone is considered limited. Although CT can provide information quickly, it 
may show different densities, even if the time of the occurrence of hemorrhage is similar. 
On the other hand, compared to CT, MRI can detect hematomas in more detail, especially 
in cases where the exact time of the trauma is unknown.53) To obtain information about 
these circumstances more objectively, studies using various MRI sequences are warranted. 
Particularly, in the case of CSDH, which appears isodense on CT, internal architectures such 
as septa may not be clearly visible on CT. Hence, it is expected that MRI would be of great 
help in confirming the development of septa and membranes.58)

CONCLUSION

CT and MRI are the most useful diagnostic modalities for the assessment of CSDH. Due to 
its ease of availability, CT remains the standard diagnostic tool. However, the characteristics 
and internal structure of a hematoma can be identified more accurately using MRI. As 
CSDH is a highly heterogeneous disease entity, it presents various imaging characteristics 
on CT and MRI based on the hematoma type. The reported postoperative recurrence rates 
vary according to the hematoma type. Predictive information regarding the postoperative 
recurrence through precise radiological assessment using CT and MRI can provide important 
guidance for patient treatment and postoperative surveillance.
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