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Abstract

Purpose 
Chronic subdural hematoma (CSDH) is associated with high recurrence rates. 
Radiographic prognostic factors may identify patients who are prone for 
recurrence and who might benefit further optimization of therapy. In this meta-
analysis, we systematically evaluated pre-operative radiological prognostic 
factors of recurrence after surgery.

Methods  
Electronic databases were searched until September 2020 for relevant 
publications. Studies reporting on CSDH recurrence in symptomatic CSDH 
patients with only surgical treatment were included. Random or fixed effects 
meta-analysis was used depending on statistical heterogeneity.

Results  
Twenty-two studies were identified with a total of 5566 patients (mean age 
69 years) with recurrence occurring in 801 patients (14.4%). Hyperdense 
components (hyperdense homogeneous and mixed density) were the strongest 
prognostic factor of recurrence (pooled RR 2.83, 95% CI 1.69–4.73). Laminar 
and separated architecture types also revealed higher recurrence rates (RR 
1.37, 95% CI 1.04–1.80 and RR 1.76 95% CI 1.38–2.16, respectively). Hematoma 
thickness and midline shift above predefined cut-off values (10 mm and 20 mm) 
were associated with an increased recurrence rate (RR 1.79, 95% CI 1.45–2.21 
and RR 1.38, 95% CI 1.11–1.73, respectively). Bilateral CSDH was also associated 
with an increased recurrence risk (RR 1.34, 95% CI 0.98–1.84).

Limitations 
Limitations were no adjustments for confounders and variable data 
heterogeneity. Clinical factors could also be predictive of recurrence but are 
beyond the scope of this study.

Conclusions 
Hyperdense hematoma components were the strongest prognostic factor of 
recurrence after surgery. Awareness of these findings allows for individual risk 
assessment and might prompt clinicians to tailor treatment measures.
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Key points

• Recurrence of chronic subdural hematoma (CSDH) after surgery occurs 
frequently with reported rates that vary between 2.5 and 33%.

• Establishment of radiographic prognostic factors may identify more complex 
patients prone to CSDH recurrence.

• Many radiological parameters of CSDH have been reported to be associated 
with the recurrence risk, with conflicting results due to discrepancies in 
recurrence rate and study heterogeneity.

• In this meta-analysis of 22 studies, we found hyperdense and mixed density 
hematoma to be associated with the highest risk of CSDH recurrence after 
surgery, as were laminar and separated hematoma architecture types.

• Awareness of these findings allows for individual risk assessment and might 
prompt clinicians to tailor treatment measures.

Keywords Chronic subdural hematoma – CSDH – Recurrence – Predictors – CT 
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Introduction

Chronic subdural hematoma (CSDH) is a frequently encountered neurosurgical 
disorder of the elderly with a rising incidence [1, 2]. Historically, CSDH was 
considered as a progressive and recurrent hemorrhage due to rupture of 
cortical bridging veins initiated by trauma [3]. Recently however, it has been 
suggested that a more complex pathway of inflammation, angiogenesis, 
recurrent micro-hemorrhages, and local coagulopathy in the subdural space is 
involved [4–8]. This inflammatory response is presumed to play a key role in 
hematoma formation, re-bleeding, and maintenance.

The diagnosis is based on clinical symptoms and radiological investigation, 
mostly non-contrast CT scan. Surgery through burr hole drainage or twist 
drill craniostomy (BHC, TDC) is the mainstay of treatment worldwide [9, 10]. 
Alternative strategies include watchful observation or high-dose glucocorticoids 
administration depending on symptom severity and local protocols [11–14]. 
Ultimately, the aim of all therapeutic modalities is adequate symptom relieve by 
effective hematoma resolution.

Recurrence of CSDH after surgery occurs frequently with reported rates 
that vary between 2.5 and 33% [15–17]. Postoperative closed drainage as 
interventional measure is effective in reducing recurrence risk by roughly 
50% [1, 10, 17]. Recurrent CSDH poses a formidable challenge in the treatment 
of symptomatic patients [18]. Recurring symptoms and additional treatment 
increase patient burden, prolong hospital admissions leading to higher costs, and 
contribute to a potential poor outcome [19, 20]. Therefore, the identification of 
factors associated with recurrence is important for individual risk assessment, 
treatment decisions, and possibly optimization of pre- and postoperative 
management. An individualized approach could entail adjusting the timing of 
surgery and anti-thrombotic therapy resumption or even exploring alternative 
treatment strategies depending on local protocols.

Many radiological parameters of CSDH have been reported to be associated 
with the recurrence risk, including uni- or bilateral hematoma, preoperative 
hematoma thickness and midline shift, hematoma density and internal 
architecture, cerebral atrophy, and hematoma volume [21–34]. However, studies 
have shown conflicting results and large discrepancies in recurrence rates 
due to heterogeneity in treatment, radiological measurement techniques, and 
variation in hematoma classifications for hematoma density or architecture. 
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In this systematic review and meta-analysis, we aimed to identify radiological 
prognostic factors of CSDH recurrence in surgically treated symptomatic CSDH 
patients.

Materials and methods

Before conducting this systematic review, we developed a detailed protocol 
including objectives and a strategy for collecting and analyzing data. The 
manuscript was prepared in accordance with the Preferred Reporting Items for 
Systematic Review and Meta-analysis Protocols (PRISMA) guidelines.

Search strategy and selection criteria

Literature on symptomatic CSDH patients and radiological findings published 
until September 2020 were reviewed using PubMed, EMBASE, Web of Science, 
and Cochrane library. Potential studies were searched using the following 
keywords and MeSH terms (including abbreviations, variations due to plurality 
and spelling): “chronic subdural hematoma,” “imaging,” “radiological,” 
“predictor,” “computed tomography,” and “magnetic resonance imaging.” The 
search was supplemented by hand searching the reference list of each included 
article and review article. Our primary outcome was CSDH recurrence. Inclusion 
criteria for study selection were the following: (1) symptomatic CSDH patients, 
(2) only surgical therapy by burr hole or twist- drill craniostomy with subdural 
drainage, (3) pre-defined (and retrievable) definition of CSDH recurrence, (4) 
follow-up period of ≥ 3 months, (5) clinical studies with > 10 subjects, and (6) 
evaluation of at least one of the following radiological parameters: uni- versus 
bilateral hematoma, hematoma thickness, mid- line shift, hematoma density 
and architecture on CT, hematoma volume, MRI appearance (T1, T2, diffusion-
weighted imaging, DWI). Studies performed in animals, case reports or reported 
in other than English language were excluded.

Data extraction

Data from the included studies were extracted by one neurologist (IPM) and 
one radiologist (YT) using a standardized data extraction form. Disagreements 
were resolved by consensus. The following data were collected: (1) study 
characteristics (country, study design, year of publication, number of 
participants, definition of CSDH (diagnostic criteria) and CSDH recurrence, 
type of surgery, follow-up period, radiological parameters evaluated), (2) 
patient characteristics (mean age, sex, trauma, use of oral anticoagulation, 
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or platelet aggregation inhibitors), and (3) imaging findings of radiological 
parameters: uni- versus bilateral hematoma, hematoma thickness (frequencies 
below or above prespecified cutoff value in mm), midline shift (present/absent 
or frequencies below or above prespecified cut-off value in mm), hematoma 
density classification and hematoma architecture types, volume (in mm3, 
frequencies above or below prespecified cut off value), and MRI appearance 
(hypo-, iso- or hyperintensity on T1, T2, and DW- imaging). Hematoma density 
was categorized as (1) homogeneous hypodense, (2) homogeneous isodense, (3) 
homogeneous hyperdense, and (4) mixed density. Hematoma architecture was 
reported using the four classifications as described by Nakaguchi [26] (table 1, 
figure 1): (a) homogeneous architecture, (b) laminar architecture, (c) separated 
architecture, and (d) trabecular architecture. Due to heterogeneity and lack of 
standardization in reporting on hematoma density and architecture, we added 
two simplified categories to summarize density and architecture findings: 
(i) a (total) homogeneous group containing all patients with a homogeneous 
hypodense, homogeneous iso-dense, and homogeneous hyperdense hematoma; 
(ii) (total) mixed density group, containing all mixed density hematoma and the 
following architecture types with mixed density: laminar, separated, grading, 
and trabecular hematoma.

Quality of reporting in included studies

We assessed risk of bias and quality of reporting of all included studies based on 
the Newcastle–Ottawa Quality Assessment Scale (NOS) checklist, used to build a 
quality score between 0 and a maximum of 9 stars [35]. When there was risk of 
selection bias in patient inclusion (i.e., exclusion of patients with head trauma, 
anticoagulant or platelet aggregation inhibitor use, bilateral CSDH, or absence 

Table 1. Hematoma classification by architecture type

Architecture types Description

Homogeneous Hematoma with complete homogeneous density, including 
homogeneous hypo-, iso- and hyperdense hematoma

Laminar Hematoma with thin high-density layer along the inner membrane 
(against the surface of the cortex)

Separated Hematoma with two components of different densities with a clear 
boundary between them, resulting in a lower density component 
above a higher density component. If this boundary was mingled at 
the border, this was called a gradation type

Trabecular Hematoma with inhomogeneous components and a high-density 
septum running between the inner and outer hematoma membrane
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of follow-up CT), one star was subtracted in the selection-section (max. 4 stars). 
Stars were assigned in the comparability section if adjustments took place for 
confounders (max. 2 stars). If there was no statement regarding the number 
of patients who were actually evaluated at the predefined follow up moment 
(3, 6, or 12 months), one star was also subtracted in the outcome-section (max. 
3 stars). Studies were rated with good quality if they had 3 or 4 stars in the 
selection domain and 1 or 2 stars in the comparability domain and 2 or 3 stars 
in the outcome/exposure domain. Studies were of fair quality when they scored 
2 stars in the selection domain and 1 or 2 stars in the comparability domain and 
2 or 3 stars in the outcome/ exposure domain. Studies were also classified as fair 
quality when they had maximum stars in the selection and outcome domain, 
with no stars in the comparability section. Finally, studies were classified as 
poor quality when they scored 0 or 1 star in the selection domain or 0 stars in 
comparability domain or 0 or 1 star in outcome/exposure domain.

Figure 1. Hematoma architecture types. A. homogeneous; B. laminar; C. separated; D. 
trabecular.
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Statistical analysis

Analyses were performed using SPSS (version 25.0, IBM Corp) and Review 
Manager (RevMan, version 5.3. Copenhagen: The Nordic Cochrane Center, The 
Cochrane Collaboration, 2014). Continuous and categorical variables were 
summarized with means and counts and percentages respectively. To evaluate 
recurrence risk, we calculated risk ratios (RR) with 95% confidence intervals 
for the following comparisons: (1) unilateral versus bilateral hematoma, (2) 
hematoma thickness below versus above prespecified cutoff values (15, 20, and 
25 mm), (3) presence versus absence of midline shift, (4) midline shift below 
versus above prespecified cut off values (5, 10, and 15 mm), (5) mixed density 
(total) versus homogenous density (total) hematoma, (6) homogeneous hyper- 
and mixed density versus homogeneous iso- and hypodensity hematoma, 
(7) architecture types (homogeneous versus non-homogeneous; laminar 
versus non-laminar; separated versus non-separated; trabecular versus non-
trabecular), (7) hematoma volume below versus above prespecified cut off 
values (121 mm3 [28]), and (8) hematoma MRI-hypo- and -iso-intensity versus 
hyper- and mixed intensity on T1, T2, and DW-imaging. Statistical heterogeneity 
in each meta-analysis was assessed using the T2, I2, and chi-square tests. When 
heterogeneity was moderate to high (I2 50% or higher), a random effects model 
was used; if this was lower than 50%, a fixed effects model was applied.

Results

We identified 3112 publications published between 1 January 1940 and 
September 2020, of which 100 were evaluated in full text and 22 finally included 
in the meta-analysis (figure 2 flow-chart of included studies). All studies scored 
three to four stars on the selection category of the NOS questionnaire. Scores on 
the outcome category varied between two to three, depending on the reporting 
on follow-up. None of the studies adjusted for confounders, resulting in no stars 
for the comparability section. Study quality was classified as fair for three (14%) 
and poor for 19 (86%) studies (table 2).

Study and patient characteristics

All 22 studies were cohort studies, of which three (14%) had a prospective 
follow-up design (table 3). Four definitions were identified for CSDH recurrence 
after primary surgery: (1) surgery (reoperation), without additional clinical 
or radiological criteria (n = 6); (2) clinical symptoms and/or radiological signs 
requiring additional surgery (n = 1); (3) combination of clinical recurrence 
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or progression of symptoms and radiological recurrence or progression 
of ipsilateral CSDH (n = 10); and finally (4) only radiologic recurrence or 
progression of CSDH (n = 5). In three of these latter five studies, all patients 
received additional surgery due recurrent or progressive symptoms [29, 

Figure 2. Newcastle–Ottawa Quality Assessment Scale (NOS), cohort studies



CHAPTER 598

45, 49]. One study reported a reoperation in 16 out of 21 cases (76%) due to 
reappearance of symptoms with observation only in the remaining patients 
[26]. The fifth study mentioned a reoperation was performed if reappearance of 
symptoms accompanied the radiological CSDH recurrence, without describing 
the number of patients requiring surgery however [20]. An overview of the 
radiological parameters evaluated in this meta-analysis is provided in table 3. 
Follow-up period ranged from 3 to 12 months. Six patients died prior to dis- 
charge [21, 45], leading to a total inclusion of 5566 CSDH patients in the meta-
analysis with CSDH recurrence occurring in 801 (14.4%; table 4). Overall male-

Table 2. Newcastle – Ottawa Quality Assessment Scale (NOS), cohort studies

Study Selection Comparability Outcome Study quality 

Shen et al., 2019 [15] - Fair

You et al., 2018 [21] - Poor

Yan et al., 2018 [22] - Poor

Lee et al., 2018 [30] - Poor

Bartek et al., 2017 [66] - Poor

Hammer et al., 2017 [46] - Poor

Kim et al., 2017 [54] - Poor

Han et al., 2017 [13] - Fair

Stavrinou et al., 2017 [67] - Poor

Goto et al., 2015 [29] - Poor

Jung et al., 2015 [19] - Poor

Song et al., 2014 [23] - Poor

Jeong et al., 2014 [26] - Poor

Huang et al., 2014 [24] - Fair

Stanisic et al., 2013 [68] - Poor

Chon et al., 2012 [17] - Poor

Ko et al., 2008 [18] - Poor

Amirjamshidi et al., 2007 [14] - Poor

Yamamoto et al., 2003 [50] - Poor

Nakaguchi et al., 2001 [20] - Poor

Oishi et al., 2001 [38] - Poor
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Table 3. Study characteristics

St
ud

y

Co
un

tr
y

Pe
ri

od

D
es

ig
n

Pa
ti

en
ts

 (n
)

D
efi

ni
ti

on
 C

SD
H

D
efi

ni
ti

on
 

re
CS

D
H

Fo
llo

w
-u

p 
(m

o)

Ra
di

ol
og

ic
al

 
pa

ra
m

et
er

Shen, 2019 [15] China 2012-2018 Ret. 461a No R+C 3 L, T, M, D, A 

You, 2018 [21] China 2013-2016 Ret. 226 No R+C+S 12 L, M, D, A

Yan, 2018 [22] China 2010-2017 Ret. 231 No R+C 3 L, T, M, D, A, V

Lee, 2018 [30] Korea 2012-2015 Ret. 131 Yesb R+C 6 D, MRI-DWI

Bartek, 2017 [66] Sweden 2005-2010 Ret. 759 No S 6 L, D

Hammer, 2017 [46] Germany 2009-2012 Pro. 73 No S 1.5 D, A

Kim, 2017 [54] Korea 2010-2015 Ret. 248c No R 6 L, D

Han, 2017 [13] Korea 2004-2014 Ret. 756 No S 6 T, M

Stavrinou, 2017 [67] Germany 2011-2014 Ret. 195 No S 3 L, D, A

Goto, 2015 [29] Japan 2004-2010 Ret. 414 No R+C 6 L, MRI-T1+T2

Jung, 2015 [19] Korea 2008-2012 Ret. 182 No S 12 L, M, D, A

Song, 2014 [23] Korea 2009-2012 Ret. 97 Yesb R 3 L, T, M, D

Jeong, 2014 [26] Korea 2008-2012 Ret. 125 No R+C 3 L, M, D

Huang, 2014 [24] Taiwan 2005-2006 Ret. 94 Yesd R+C 3 L, M

Stanisic, 2013 [68] Norway 2008 Pro. 107 Yesb R+C 7 L, M, D, A

Chon, 2012 [17] Korea 2006-2011 Ret. 420 No R+C 3 L, T, M, D, A

Ko, 2008 [18] Korea 2001-2006 Ret. 255 Yesb R+C 3 L, M

Amirjamshidi, 2007 [14] Iran 2000-2006 Pro. 82 No R 3 T, M, D

Yamamoto, 2003 [50] Japan 1991-2000 Ret. 105 No R 3 L, M

Nakaguchi, 2001 [20] Japan 1989-1998 Ret. 106 Yesb R 3 D, A

Oishi, 2001 [38] Japan 1995-1999 Ret. 116 No R+C 3 L, D

A: architecture; BHC+D: burr hole craniostomy combined with post-operative subdural closed 
drainage system; C: clinical recurrence/progression of symptoms; D: density; L: laterality; M: 
midline shift; Pros: prospective; R: radiologic recurrence/progression of CSDH;  Retro: retrospective;  
S: symptoms and/or radiological signs requiring surgery; T: thickness; 

a: four patients died before discharge, therefor analyses were performed in 457 patients.  
b: definition CSDH: Radiologic finding of subdural fluid collection with peri-operative 
confirmation of CSDH.  
c: two patients died before discharge, therefor analyses were performed in 246 patients.  
d: definition CSDH: Diagnosis is based on pre-defined radiologic criteria with peri-operative 
confirmation of CSDH.



CHAPTER 5100

Table 4. Patient characteristics
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Shen, 2019 [15] 461a 376:81 69 235 (51) - - 28 (6) 69 (15)

You, 2018 [21] 226 184:42 65 161 (71) - - 14 (6) 34 (15)

Yan, 2018 [22] 231 188:43 - - - - - 33 (14)

Lee, 2018 [30] 131 85:46 68 71 (54) - - 35 (27) 7 (5)

Bartek, 2017 [66] 759 514:245 74 - 116 (15) 194 (26) 310 (41) 85 (11)

Hammer, 2017 [46] 73 47:26 75 - - - - 19 (26)

Kim, 2017 [54] 248 b 173:73 69 187 (75) 6 (2) 53 (21) 59 (24) c 31 (13)

Han, 2017 [13] 756 574:182 68 - 81 (11) 220 (29) 301 (40) 104 (14)

Stavrinou, 2017 [67] 195 134:61 71 99 (51) 48 (25) 56 (29) 104 (53) 35 (18)

Goto, 2015 [29] 414 279:135 77 - 14 (3) 70 (17) 84 (20) 37 (9)

Jung, 2015 [19] 182 131:51 68 125 (69) 10 (5) 36 (20) 46 (25) 25 (14)

Song, 2014 [23] 97 64:33 70 61 (63) - - - 16 (16)

Jeong, 2014 [26] 125 92:33 69 81 (65) - 35 (28) 35 (28) 8 (6)

Huang, 2014 [24] 94 79:15 69 70 (74) 2 (2) 12 (13) 14 (15) 13 (14)

Stanisic, 2013 [68] 107 72:35 72 86 (80) 15 (14) 36 (34) 51 (48) 17 (16)

Chon, 2012 [17] 420 334:86 67 237 (56) 34 (8) 117 (28) 151 (36) 92 (22)

Ko, 2008 [18] 255 150:105 65 181 (71) 8 (3) - 8 (3) 24 (9)

Amirjamshidi, 2007 [14] 82 67:15 59 52 (63) - - - 10 (12)

Yamamoto, 2003 [50] 105 73:32 71 78 (74) - - 4 (4) 11 (10)

Nakaguchi, 2001 [20] 106 82:24 67 63 (28) - - - 17 (16)

Oishi, 2001 [38] 116 84:32 72 100 (86) - - 11 (9) 10 (9)

OAC = oral anticoagulation; PAI = platelet aggregation inhibitor; reCSDH = CSDH recurrence 
a: Four patients died before discharge, therefor analyses were performed in 457 patients. 
b: Two patients died before discharge, therefor analyses were performed in 246 patients. 
c: Because of rounding, percentages in combined “OAC or PAI” group may differ with one percent 
from the sum of “OAC” and “PAI”
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female ratio was 3:1 with a mean age of 68.9 years (SD 4.1; n = 18 studies) and 
a precipitating head trauma in 2089 patients (62.6%; n = 17 studies). Fourteen 
hundred and thirty-eight patients had used anti-thrombotic agents (28.9%; n = 
17 studies) with the use of anticoagulation in 517 (10.4%, n = 11 studies), platelet 
aggregation inhibitors (PAI) in 829 (18.1%, n = 10), and unspecified therapy in 
92 patients (2.0%, n = 5 studies). All patients were treated by BHC with subdural 
drainage during 24 to 72 h (table 4).

Imaging findings: hematoma laterality, thickness, and midline shift

Nineteen studies reported on uni- and bilaterality with incomplete data in two 
[43, 44], resulting in seventeen studies with a total of 4400 patients for laterality 
analysis with a high study heterogeneity (I2 = 70%). Patients with bilateral 
CSDH had higher hematoma recurrence than patients with a unilateral CSDH, 
although not reaching significance (figure 3a, RR 1.34, 95% CI 0.98–1.84).

Six studies with a total of 2150 patients reported on hematoma thickness 
using a cutoff value of 15 (n = 1), 20 (n = 4), or 25 (n = 1) mm. The largest group 
comparison showed that the recurrence rate of patients with a CSDH thickness 
of more than 20 mm was higher than patients with a hematoma thickness of 
less than 20 mm (Figure 3b, RR 1.38, 95% CI 1.11– 1.73). Adding the studies with 
cut off values of 15 or 25 mm, a similar result was seen (combined group: RR 
1.46, 95% CI 1.19–1.79). Study heterogeneity was low in both comparisons (I2 = 
21% and I2 = 5% respectively).

Thirteen studies with a total of 2874 patients described midline shift employing 
a cutoff value of 5 (n = 1), 10 (n = 8), or 15 mm (n = 1) or reported only on the 
presence or absence of midline shift (n = 3). Patients with a midline shift more 
than 10 mm had a higher recurrence rate than patients with a midline shift 
below 10 mm (Figure 3c, RR 1.79, 95% CI 1.45–2.21). For the combined midline 
shift groups (adding results of 5 mm and 15 mm to 10 mm), recurrence risk 
remained significantly higher (RR 1.76, 95% CI 1.45–2.14). In the three studies 
describing only absence or presence of midline shift, there was no difference 
between the groups (RR 0.82, 95% CI 0.39–1.72). Study heterogeneity was low in 
all three comparisons (I2 = 32%, I2 = 14%, and I2 = 0 respectively).

Imaging findings: hematoma density and architecture

Seventeen studies with a total of 3813 patients reported on hematoma density. 
In fifteen studies (n = 3614), data were reported or could be reconstructed on 
homogeneity of the hematoma and mixed density categories. There was a higher 
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risk of recurrence in patients with a mixed density hematoma than in patients 
with a (complete hypo-, iso-, or hyperdense) homogeneous hematoma (figure 
4a, RR 1.64, 95% CI 1.14–2.37). Eleven studies reported on homogeneous iso- and 
hypodensity versus hyper- and total mixed density hematomas. Patients with 
hyper- and mixed density hematomas had more often CSDH recurrence than 
patients with homogeneous hypo- and iso-density hematomas (figure 4b, RR 
2.38, 95% CI 1.69–4.73). Study heterogeneity was high in both comparisons (I2 = 
74% and I2 = 71% respectively).

Nine studies with a total of 1965 CSDH patients reported on hematoma 
architecture by evaluation of all four predefined categories. Patients with 
laminar or separated architecture had a higher risk of hematoma recurrence 
than those with hematomas in which these features were not present (figure 5a, 

Figure 3. Forest plot on CSDH recurrence. A. uni-versus bilateral hematoma; B. hematoma 
thickness < or > 20 mm  C. midlineshift < or > 10mm.
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RR 1.37, 95% CI 1.04–1.80; and figure 5b, RR 1.76, CI 95% 1.38– 2.16, respectively). 
Study heterogeneity was low in both comparisons (I2 = 0 and I2 = 43 respectively). 
There was no difference in hematoma recurrence for trabecular architecture 
(RR 0.88, 95% CI 0.52–1.49), with high study heterogeneity (I2 = 61%).

Imaging findings: hematoma volume and MRI- sequences

One study (n = 514) reported on hematoma volume with frequencies above or 
below a prespecified cut off value of 121 mm3 based on the receiver operating 
characteristics (ROC) curve, with the highest recurrence rates in hematomas 
with a baseline volume above 121 mm3 [28]. Two studies described results on 
MRI-sequences in relation to CSDH recurrence. The first study (n = 414) reported 
data on the predictive value of MRI-T1 and -T2 sequences, revealing the T1 
classification to be the only prognostic predictor for CSDH recurrence in T1-iso/
hypo-intensity group relative to the T1-hyperintensity group [47]. The second 
study (n = 131) revealed more CSDH recurrence when baseline MRI showed 
DWI hyperintensity compared to hypo-intensity [44].

Figure 4. Forest plot on CSDH recurrence. A: homogeneous versus mixed density hematoma; 
B: iso- and hypodensity versus hyper- and mixed density hematoma
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Discussion

In this meta-analysis including over 5500 patients, we identified prognostic 
factors on CT for recurrence of surgically treated CSDH patients. Hyperdense 
and mixed density hematoma were associated with the highest risk of CSDH 
recurrence, as were laminar and separated architecture hematomas. In 
addition, CSDH with greater magnitude of hematoma thickness and midlines 
shift carried an increased risk for recurrence.

The establishment of radiological prognostic factors for CSDH recurrence is of 
importance in the identification of vulnerable symptomatic CSDH patients for 
poor outcome and retreatment [19, 20]. This population would benefit most 
from optimization of therapy. Many preoperative radiological parameters 
have been reported as prognostic factors for CSDH recurrence, but results are 
conflicting [21–34, 51].

Overall, we found homogeneous hyperdense and mixed density hematoma 
to be associated with increased recurrence rates. Hematoma density relative 
to brain parenchyma on a CT image represents the proportion of fresh blood, 
with hypodense areas representing hematoma of older age and hyperdense 

Figure 5. Forest plot on CSDH recurrence. A: laminar hematoma architecture; B: separated 
hematoma architecture
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components of more recent or active bleeding [52–55]. This imaging appearance 
reflects the protein concentration from plasma exudation with higher 
concentration in hyperdense hematoma [26, 38, 50, 56, 57]. In experimental 
studies, blood evokes an inflammatory reaction in the subdural space [42, 58]. 
This inflammatory reaction is associated with a high amount of inflammatory 
markers and causes the CSDH to be more active and is presumed to play a part 
in hematoma persistence, a greater tendency for re-bleeding and recurrence 
[39, 58–61]. Novel experimental approaches have evaluated pharmacological 
adaption of endothelial barrier function, modifying endothelial permeability 
and plasma exudation [62, 63]. However, reproducible animal models of 
human CSDH are not established yet [42]. Results of this meta-analysis 
are in concordance with the abovementioned pathophysiology of protein 
concentration in the subdural space, which also explains why lower recurrence 
rates were found in iso- and hypodense CSDH than in hyperdense hematomas.

Besides categories that describe density of the hematoma, internal architecture 
types are also used for classification. An established and commonly used 
classification is that of Nakaguchi (homogeneous, laminar, separated, 
trabecular), corresponding to proposed stages in natural history of a CSDH [26]. 
Overall, we found a higher recurrence risk in laminar and separated hematoma 
than in other hematomas. Several individual studies, however, did not report 
a high recurrence rate in laminar hematoma [29, 43, 64], but did report 
trabecular hematoma, corresponding to hematoma with multiplicity of cavities, 
to reoccur more often [49, 65–69]. This variation and discrepancy are most 
likely caused by the many available architecture categories which are applied 
parallel to the classification of Nakaguchi (i.e., loculated hematoma, hematoma 
with multiplicity of cavities, layered type hematoma, organized hematoma, 
and niveau formation), but could also be due to difficulties in applying the 
classification correctly [18, 26, 45, 59, 70, 71]. In addition, complex internal 
architecture categories might be very informative, but application can lead to 
significant intra- and interobserver variability compromising generalizability. 
In this paper, we propose and demonstrate the benefit of a simplified hematoma 
classification system based on hematoma density solely. This comprises of a 
homogeneous iso- and hypodensity category and a second category of CSDH 
with hyperdense components. This simplified classification could be easy to 
apply in daily practice with presumably low inter- and intra-observer variation 
and good insight in the recurrence risk. Future research should confirm the 
significance of this finding, and also whether adding the different architecture 
subcategories yields valuable surplus information.
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We demonstrate that a greater magnitude of hematoma thickness and a midline 
shift is associated with an increased recurrence risk. Increased CSDH size and 
midline shift are often attributed to brain atrophy in close relation to aging, 
providing the CSDH a potential space to increase easily [37, 40]. Previous 
studies have shown cerebral atrophy to be a potential risk factor for CSDH 
recurrence [20, 50]. The intracranial (counter-) pressure from brain volume 
reflects the elasticity of brain parenchyma and may play a part in optimal 
hematoma absorption [40, 41]. Due to a decrease in brain elasticity and 
counter pressure by advanced age and atrophy post-operative, re-expansion 
might potentially be less effective leaving a larger postoperative subdural 
space that could facilitate persistence or recurrence of CSDH [23, 41, 72]. This 
mechanism may also explain the increased recurrence in bilateral CSDH. In 
daily practice, grading of cerebral atrophy is a challenging and difficult task at 
the time of CSDH diagnosis. The compression caused by the subdural hematoma 
on the involved hemisphere distorts the gyri sulci pattern due to the raised 
intracranial pressure and complicates a reliable assessment. Furthermore, 
several scales exist to classify atrophy, causing once again large inter-and intra-
observer variation. Further evaluation of this parameter was therefore beyond 
the scope of this meta-analysis. Recurrence risk is influenced by patient as well 
as radiological hematoma characteristics. Since a non-contrast CT scan is the 
most frequently performed diagnostic modality, evaluation of CT predictors is 
of great additional value next to other presumed clinical predictors such as age, 
concomitant chronic illness or coagulopathy [21, 23, 28, 64, 71, 73–75]. Similar 
to the limitations of studies evaluating the value of radiological predictors in 
recurrence risk, varying results have also been published regarding the effect 
of age, sex, anti-coagulant use, and chronic illness [33, 72, 76, 77]. The addition 
of radiological predictors of recurrences to baseline patient characteristics for 
risk calculation may facilitate clinicians to identify patients prone to recurrence 
more accurately. These findings could lead to adaptation of treatment measures 
on an individual basis in order to lower the recurrence risk, for example by 
postponing surgical drainage when hyperdense components are present or 
adjusting the (local standard) term for anti-coagulant therapy resumption post-
operative. Limited data also suggest that the addition of corticosteroids might 
be beneficial in reducing recurrence risk in high-risk patients [73].

Limitations of this meta-analysis are due to methodological aspects of the 
included studies. We encountered significant heterogeneity in the definitions 
used for CSDH recurrence, i.e., only radiological recurrence, or the combination 
of recuring symptoms with radiological persistence or progression of CSDH, 
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or merely re-operation without clarifying the criteria for reoperation. 
Furthermore, differences in duration of follow-up, hematoma density, and 
architecture classification and measurement techniques for radiological 
parameters also contributed to data heterogeneity. Evaluation of study quality 
using the NOS questionnaire revealed that the majority of studies did not reach 
maximum quality scores, mainly because no adjustments were performed 
for confounding factors and incomplete follow up information. However, the 
findings were generally consistent and in line with acknowledged clinically 
relevant parameters.

For the present study, we included only surgically treated CSDH patients by 
burr hole or twist drill craniostomy with subdural drainage, the mainstay 
treatment worldwide, in order to eliminate the potential effect of different 
treatment strategies on recurrence rates. We maintained a study protocol with 
strict inclusion and exclusion criteria in order to achieve good quality and 
homogeneous data as good as possible, which to our knowledge has provided 
the first data review on this subject.

Conclusion

From the present meta-analysis, we have derived several CT predictors that are 
associated with recurrence after surgical treatment of CSDH. In particular, CSDH 
with hyperdense components or with laminar or separated architecture type 
entail higher recurrence rates. Preoperative assessment of these parameters 
identifies a population with higher CSDH recurrence risk, and appreciation 
of these findings allows clinicians to apply an individualized management 
strategy. 

Future research is necessary to validate the prognostic value of these CT 
parameters in prospective studies and in particular investigate the value of a 
simplified density classification. Clear definitions and description of radiological 
measurement techniques are mandatory for a reliable evaluation.
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