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The recurrence rate of chronic subdural hematoma (CSDH) has been reported to range

from 2.3 to 33%. As bridging veins are composed of abundant collagen bundles and

bone matrix, we aimed to investigate the possible associations between skull Hounsfield

unit (HU) values and the recurrence of CSDH. We retrospectively enrolled patients

with CSDH who underwent burr hole surgery. The HU values of the frontal skull were

measured on brain CT scans. The cumulative hazard for recurrence was estimated

according to predictive factors. To identify the independent predictors associated with

the recurrence of CSDH, hazard ratios (HRs) were estimated using multivariate Cox

regression analysis. A total of 208 consecutive patients who underwent burr hole

trephination for CSDH over a 7-years period at a single institution were enrolled in this

study. We found that age, greater midline shift (≥10.5mm), lower skull HU (<769.5),

and diabetes were independent predictors for the recurrence of CSDH (HR 1.06, 95%

confidence interval [CI] 1.00–1.12, p = 0.042; HR 5.37, 95% CI 1.48–19.46, p = 0.010;

HR 6.71, 95% CI 1.84–24.45, p = 0.004; and HR 3.30, 95% CI 1.05–10.43, p = 0.042,

respectively). A relationship between possible low bone mineral density (BMD) and

CSDH recurrence was observed. In addition, age, greater preoperative midline shift,

and diabetes were also identified as predictive factors for recurrence. We expect that

our findings may facilitate our understanding of the possible association between CSDH

and BMD.
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INTRODUCTION

Chronic subdural hematoma (CSDH) is a common condition in elderly people. The recurrence
rate of CSDH has been reported to range from 2.3 to 33% (1). Previous studies have reported
many risk factors for CSDH recurrence, including brain atrophy, underexpansion, coagulopathy or
anticoagulant use, male sex, hypertension, diabetes, bilateral CSDH, large preoperative hematoma
volume, septations, mixed density of hematoma on brain computed tomography (CT) scans,
iso- or hypointensity on T1-weighted magnetic resonance images, preoperative midline shift,
persistence of a mass effect after burr hole trephination, large postoperative residual hematoma,
and postoperative pneumocephalus (2, 3).
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To our knowledge, no study has investigated the association
between skull Hounsfield unit (HU) values calculated from CT
scans and recurrence in patients who have undergone burr hole
trephination for CSDH. It is well-accepted that CSDH is caused
by the tearing of bridging veins with subsequent bleeding (4).
We initiated this study based on the premise that bridging
veins are composed of abundant collagen bundles and smooth
muscle cells, which are composed of type 1 collagen as well
as bone matrix (5, 6). Therefore, we hypothesized that a low
bone mineral density (BMD) would negatively influence the
integrity of bridging veins and bone. We conjectured that this
mechanism may be associated with the recurrence of CSDH
after the initial burr hole surgery. We previously reported the
significant correlation between skull HU values and BMD (7).
Therefore, to assess this hypothesis, frontal skull HU values
were measured on brain CT scans of all study patients. Further,
we examined the relationship between skull HU values and
CSDH recurrence.

MATERIALS AND METHODS

Study Patients
Using the database of the Traumatic Brain Injury Registry of our
hospital, we retrospectively investigated all consecutive patients
who were diagnosed with CSDH and underwent burr hole
surgery from January 1, 2012, to December 31, 2018.We excluded
patients (i) with iatrogenic error or surgical complication, (ii)
with no initial brain CT scan or with missing data, and (iii)
with no measurable intercortical spongy bone in the frontal
skull on brain CT. Recurrence was defined as the (i) presence
of newly developed CSDH in the ipsilateral subdural space
of the initial burr hole surgery on follow-up brain CT scan,
(ii) development of neurologic deficits, and (iii) requirement
for reoperation.

This study was approved by the Institutional Review Board
of Hanyang University Guri Hospital, Korea, and performed
in accordance with the tenets of the Declaration of Helsinki.
Due to the retrospective nature of the study, the requirement
for informed consent was waived. All individual records were
anonymized before the analysis.

Surgical Procedures and Management
One- or two-burr hole craniostomy was performed in a
standardized manner with or without saline irrigation under
general anesthesia. All patients with bilateral CSDH underwent
burr hole craniostomy of both sides simultaneously in a
single operation. A closed-system drainage was inserted in
all patients, and the drain was placed ∼30–50 cm below the
patient’s head level. The drain was removed within 3 days in
most cases. According to our policy and protocol, preoperative
dexamethasone was not used in any case. Reoperation was
performed with the same procedure in patients with recurrence.
Antiplatelet or anticoagulant agents were discontinued before

Abbreviations: CSDH, chronic subdural hematoma; HU, Hounsfield unit; BMD,

bone mineral density; PACS, picture archiving and communication system; HR,

hazard ratio; CI, confidence interval; AUC, area under the curve.

surgery and usually restarted after 1 month from the day
of surgery. We usually performed follow-up CT examinations
immediately and 1 week after surgery. Patients showing no
complications were generally discharged within 10 days.

Clinical and Radiographic Variables
We investigated the factors possibly associated with recurrence in
patients with CSDH after burr hole surgery. The demographics,
clinical information, and operative information of the enrolled
patients were investigated by two trained researchmembers using
electronic medical records. Clinical data including sex, age, side
of operation, reoperation, hypertension, diabetes, chronic kidney
disease, alcohol intake, and history of antithrombotic agent use
were collected from medical and operative records.

We analyzed the initial CT scans of all study patients. All
radiologic findings were confirmed by two faculty neurosurgeons
(I-SB and BH) blinded to the clinical data using the picture
archiving and communication system (PACS). Radiographic
variables, including the types of the internal architecture of the
hematoma, midline shift, and hematoma volume, were evaluated
using the initial preoperative CT scans. The internal architecture
of the hematoma was classified into four types: homogeneous,
laminar, separate, and trabecular (1). The laminar, separate, and
trabecular types were also categorized into a heterogeneous group
for the analysis. We calculated the hematoma volume using the
ABC/2 technique (A = length [in centimeters] between each
corner of the subdural crescent, B = width as the maximum
thickness [in centimeters] of the hematoma from the inner
table of the skull perpendicular to the length, C = depth
multiplying the number of slices on which the hematoma was
visible by the slice thickness listed on the CT scan) (8). The
method and reliability of the ABC/2 technique for subdural
hematoma measurement on brain CT scans have been described
elsewhere (9).

Measurement of Frontal Skull HU
All CT scans (4.0- to 5.0-mm slice thicknesses) were obtained
with CT scanners (Siemens Flash 64, München, Germany) at
our hospital. Birnbaum BA et al. described that the variations
in HU values are very small (range of 0–20 HU) between five
CT scanners, including Siemens (10). The detailed methods
for measuring HU values at each of four lines on the frontal
skull were previously described precisely (Figure 1) (7). The
maximum, minimum, and mean HU values were automatically
calculated by the PACS based on the values corresponding to
the drawn lines, and the mean HU values were recorded for
the study. To reduce measurement errors, all brain CT scans
were magnified for HU measurement. The frontal skull HU was
measured by a faculty neurosurgeon (I-SB) blinded to the clinical
data in all study patients.

Statistical Methods
We expressed continuous variables as means ± standard
deviations or medians with interquartile ranges. Discrete
variables are expressed as counts and percentages. The chi-square
test and Student’s t-test were used to identify differences between
the non-recurrence and recurrence groups. The mean frontal
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FIGURE 1 | Measurement of HU values at each of four lines on the frontal

bone. The PACS automatically calculates the maximum, minimum, and mean

HU values according to the values on the drawn lines, and the mean HU value

on each of the four lines was recorded. (A) Right lateral; (B) right medial;

(C) left medial; (D) left lateral. HU, Hounsfield unit; PACS, picture archiving and

communication system.

skull HU values used in all analyses were calculated as follows:
(mean right lateral HU + mean right medial HU + mean left
medial HU+mean left lateral HU)/4.

Box plots were used to show the association among the
midline shift, mean frontal skull HU values, and recurrence.
Receiver operating characteristic curve analysis was performed

to identify whether the midline shift and frontal skull HU can
predict recurrence after burr hole surgery for CSDH.

The cumulative hazard for recurrence was evaluated using
the Kaplan–Meier method classified based on several predictive
factors, with censoring of patients who exhibited no recurrence
or recurrence-related symptoms on the last follow-up CT scan or
visit during the follow-up period. According to previous studies,
we set the end point of the current study at 1 year (365 days) from
the first burr hole surgery for CSDH (11, 12). The time interval to
recurrence was defined as the number of days between the first
burr hole trephination and the recurrence of CSDH requiring
reoperation based on brain CT scans. We then calculated
hazard ratios (HRs) with 95% confidence intervals (CIs) using
Cox regression analyses. These values were used to identify
independent predictive factors associated with recurrence after
burr hole surgery in patients with CSDH. Values of p < 0.05 were
considered statistically significant.

All statistical analyses were performed using R version
3.5.2 (https://www.r-project.org/).

RESULTS

Characteristics of the Study Patients
A total of 208 consecutive patients (>18 years old) who
underwent burr hole trephination for CSDH over a 7-years
period at our hospital were finally enrolled in the study. In
total, 19 patients (9.1%) were reoperated for recurrence of CSDH
within 1 year from the initial burr hole surgery for CSDH. The
mean patient age was 69.9 years, and 63.9% of the patients
were men. A total of 26 patients (12.5%) underwent bilateral
burr hole trephinations. The mean preoperative midline shift
was 10.2mm, and the mean hematoma volume was 120.5 cm3.
Further descriptive data are shown in Table 1.

Skull HU Values According to CSDH
Recurrence
Table 2 shows the significant differences in the mean frontal skull
HU values according to CSDH recurrence. The overall average
mean frontal skull HU value was 763.7 in all study patients
and was 772.3 in the non-recurrence group and 677.4 in the
recurrence group.

Association Between Preoperative Midline
Shift and Skull HU and CSDH Recurrence
Boxplot analysis revealed a significantly higher preoperative
midline shift and lower mean frontal skull HU values in
the recurrence group than in the non-recurrence group
(Figures 2A,C). In receiver operating characteristic curve
analysis, we identified the preoperative midline shift (area under
the curve = 0.676, p = 0.012) and mean frontal skull HU (area
under the curve = 0.683, p = 0.009) as predictive values for
CSDH recurrence (Figures 2B,D).

Cumulative Hazard of CSDH Recurrence
According to Predictive Factors
Figure 3A shows the overall cumulative hazard of CSDH
recurrence within 1 year from the initial burr hole trephination

Frontiers in Neurology | www.frontiersin.org 3 September 2020 | Volume 11 | Article 538257

https://www.r-project.org/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Ha et al. Risk Factors for CSDH Recurrence

TABLE 1 | Characteristics of patients with chronic subdural hematoma at our hospital.

Characteristics Non-recurrence Recurrence Total p

Number (%) 189 (90.9) 19 (9.1) 208 (100)

Sex, male, n (%) 121 (64.0) 12 (63.2) 133 (63.9) 0.940

Age, mean ± SD, years 69.6 ± 12.4 73.2 ± 9.4 69.9 ± 12.2 0.221

Age group, n (%)

≥ 65 years 125 (66.1) 16 (84.2) 141 (67.8) 0.108

Side of operation, n (%) 0.585

Right 69 (36.5) 7 (36.8) 76 (36.5)

Left 95 (50.3) 11 (57.9) 106 (51.0)

Bilateral 25 (13.2) 1 (5.3) 26 (12.5)

Internal architecture of the hematoma, n (%) 0.221

Homogeneous 66 (34.9) 6 (31.6) 72 (34.6)

Laminar 26 (13.8) 0 (0) 26 (12.5)

Separate 56 (29.6) 6 (31.6) 62 (29.8)

Trabecular 41 (21.7) 7 (36.8) 48 (23.1)

Preoperative midline shift, mean ± SD, mm 10.0 ± 3.8 12.0 ± 3.0 10.2 ± 3.8 0.024

Preoperative midline shift, median (IQR), mm 10.2 11.5 10.5 0.024

(7.1–12.8) (10.8–13.9) (7.4–12.8)

Preoperative hematoma volume, mean ± SD, cm3 120.4 ± 47.4 121.3 ± 42.9 120.5 ± 47.0 0.933

Preoperative hematoma volume, median (IQR), cm3 113.4 118.7 113.7 0.933

(87.6–144.8) (92.2–139.9) (88.0–144.2)

Past medical history, n (%)

Hypertension 100 (52.9) 11 (57.9) 111 (53.4) 0.678

Diabetes 43 (22.8) 8 (42.1) 51 (24.5) 0.062

Chronic kidney disease 6 (3.2) 1 (5.3) 7 (3.4) 0.630

Alcohol 73 (38.6) 7 (36.8) 80 (38.5) 0.879

Antithrombotic 0.145

Antiplatelet 52 (27.5) 10 (52.6) 62 (29.8)

Anticoagulant 3 (1.6) 0 (0) 3 (1.4)

Both 1 (0.5) 0 (0) 1 (0.5)

SD, standard deviation; IQR, interquartile range.

TABLE 2 | Descriptive statistics of mean frontal skull HU values according to recurrence in patients with chronic subdural hematoma.

Characteristics Non-recurrence Recurrence Total p

Overall mean frontal skull HU value, median (IQR) 780.5 723.8 769.5 0.009

(667.8–891.3) (574.8–768.5) (660.9–888.4)

Overall mean frontal skull HU value, mean ± SD 772.3 ± 149.0 677.4 ± 155.4 763.7 ± 151.7 0.009

Mean HU value at each of four sites in the frontal skull, mean ± SD

Right lateral 733.7 ± 148.9 642.6 ± 135.8 725.4 ± 149.8 0.011

Right medial 807.0 ± 172.0 710.7 ± 175.5 798.2 ± 174.1 0.021

Left medial 806.4 ± 147.5 691.3 ± 160.3 795.9 ± 152.0 0.002

Left lateral 742.2 ± 161.1 665.1 ± 164.4 735.2 ± 162.5 0.048

Average, medial 806.7 ± 156.0 701.0 ± 165.4 797.0 ± 159.4 0.006

Average, lateral 738.0 ± 148.9 653.8 ± 149.3 730.3 ± 150.5 0.020

HU, Hounsfield unit; IQR, interquartile range; SD, standard deviation.

for CSDH. We found that patients in the upper median for

preoperative midline shift (≥10.5mm), those in the lower

median for skull HU (<769.5), and those with diabetes showed

significantly higher recurrence rates of CSDH (Figures 3B–D).

Independent Predictive Factors for CSDH
Recurrence
Multivariate Cox regression analysis identified age, greater
midline shift (≥10.5mm), lower skull HU (<769.5), and
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FIGURE 2 | Comparison of preoperative midline shift and mean frontal skull HU values between the recurrence and non-recurrence groups, and identification of the

preoperative midline shift and skull HU values for predicting CSDH recurrence. Boxplots with dot plots of (A) preoperative midline shift and (C) mean frontal skull HU

values according to recurrence. Receiver operating characteristic curves to identify the (B) preoperative midline shift and (D) mean frontal skull HU values for

predicting recurrence. HU, Hounsfield unit; CSDH, chronic subdural hematoma; AUC, area under the curve.

diabetes as independent predictors for CSDH recurrence
(HR 1.06, 95% CI 1.00–1.12, p = 0.042; HR 5.37, 95%
CI 1.48–19.46, p = 0.010; HR 6.71, 95% CI 1.84–24.45,
p = 0.004; and HR 3.30, 95% CI 1.05–10.43, p = 0.042,
respectively) (Table 3). Although the study patients showed
a relatively narrow age range (most patients were elderly,
mean age = 69.9 years), age was negatively associated with
BMD. Therefore, we performed multivariate Cox regression
with adjustment for age as a continuous variable. In addition,
we observed no significant correlation between age and skull
HU values in the study patients (B = 0.678, p = 0.434)
(Supplementary Figure).

DISCUSSION

We found that the group with a possible lower BMD had an

∼6.7-fold higher risk of CSDH recurrence than the possible

higher BMD group after adjusting for other predictive factors
including age. In addition, older age, greater preoperative

midline shift, and diabetes were independent predictors for
CSDH recurrence. To our knowledge, this study is the first to
suggest a possible relationship between possible lower BMD and
recurrence of CSDH.

Previous studies have demonstrated that specific regional
cancellous bone HU values from CT scans show a strong

Frontiers in Neurology | www.frontiersin.org 5 September 2020 | Volume 11 | Article 538257

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Ha et al. Risk Factors for CSDH Recurrence

FIGURE 3 | Cumulative hazard of recurrence according to preoperative midline shift, mean frontal skull HU values, and diabetes. (A) Overall; (B) median of the

preoperative midline shift (10.5mm); (C) median of mean frontal skull HU values (769.5); (D) diabetes. HU, Hounsfield unit.

correlation with the T-score and may be useful for predicting
osteoporotic conditions (13–15). We previously showed a strong
correlation between the T-score and frontal skull HU values
(7, 16). Because osteoporosis is a systemic disease and is strongly
related to genetic components of type 1 collagen (COL1A1 and
COL1A2),we propose that osteoporotic conditionsmay influence
cancellous bone of the skull (17).

It is well-known that type 1 collagen is a major bone
component. A previous study reported that the bridging vein
wall is composed of collagen bundles, with a volume fraction of
∼61% (6). In addition, smooth muscle cells are also associated
with cortical bridging veins (5, 18). The smooth muscle cell is
also composed of collagen type 1 (19). Therefore, on the basis
of the above findings and assumptions, we postulated that an
osteoporotic condition, which shows a strong genetic association,
leading to systemic disease may also negatively influence the

integrity of the bridging veins as well as bone because both bone
and bridging veins are associated with type 1 collagen tissues.
Weaker bridging veins may be more vulnerable to rupture, and
this may naturally lead to a higher chance of recurrence of
CSDH. Therefore, we believe that recurrence rate of CSDH may
be higher in patients with osteoporotic conditions. In addition,
we recently showed an association between osteoporosis and
cerebral atrophy (20). Preexisting cerebral atrophy is associated
with alteration of brain elasticity and causes cerebral under-
expansion after burr hole surgery for CSDH (21, 22). Moreover,
this may lead to a persistent cavity in the subdural space and
subsequently cause CSDH recurrence (2).

In the present study, patient age, greater preoperative midline
shift, and diabetes were also predictors of recurrence. Cerebral
atrophy occurs during the normal aging process. Therefore,
older patients tend to experience a recurrence of CSDH because
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TABLE 3 | Univariate and multivariate Cox regression analyses of the association between recurrence and various variables in patients with chronic subdural hematoma.

Variable Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Sex

Male Reference Reference

Female 1.07 (0.42–2.71) 0.890 2.06 (0.70–6.03) 0.188

Age (per 1-year increase) 1.03 (0.99–1.07) 0.167 1.06 (1.00–1.12) 0.042

Internal Architecture of the Hematoma

Homogeneous Reference Reference

Heterogeneous 1.23 (0.47–3.24) 0.675 0.62 (0.22–1.75) 0.364

Midline Shift

Lower median

(<10.5mm)

Reference Reference

Upper median

(≥10.5mm)

5.74 (1.68–19.79) 0.005 5.37 (1.48–19.46) 0.010

Mean Frontal Skull HU

Lower median

(<769.5)

4.00 (1.33–12.07) 0.014 6.71 (1.84–24.45) 0.004

Upper median

(≥769.5)

Reference Reference

Initial hematoma volume (per 1 cm3 increase) 1.00 (0.99–1.01) 0.943 1.01 (0.99–1.02) 0.404

Side of Operation

Unilateral 2.79 (0.37–20.88) 0.319 7.71 (0.54–109.84) 0.132

Bilateral Reference Reference

Past Medical History

Hypertension 1.20 (0.48–2.98) 0.697 0.44 (0.13–1.45) 0.175

Diabetes 2.45 (0.99–6.10) 0.054 3.30 (1.05–10.43) 0.042

Chronic kidney disease 1.88 (0.25–14.11) 0.538 4.41 (0.40–48.42) 0.225

Alcohol 0.87 (0.34–2.20) 0.760 2.44 (0.73–8.14) 0.147

Antithrombotic 2.40 (0.98–5.90) 0.057 2.39 (0.78–7.31) 0.127

HR, hazard ratio; CI, confidence interval; HU, Hounsfield unit.

of the persistent space between the subdural and arachnoid
layers resulting from cerebral atrophy (23). The preoperative and
postoperative midline shift values have already been considered
as predictive factors for CSDH recurrence (3, 22, 24, 25). The
sudden decrease in intracranial pressure after trephination may
lead to a rapid expansion of the brain parenchyma, which
consequently induces stress on the surrounding vessels and a
higher risk of acute rebleeding (24). Several previous studies
have reported that diabetes is associated with the recurrence
of CSDH (22, 26). Exudation due to capillary vasculopathy
caused by diabetes or well-developed neovascularization of the
neomembrane in diabetes patients may play an important role in
the recurrence of CSDH (27). It has also been reported that type 2
diabetes is associated with an increased risk of brain atrophy (28,
29). The cerebral atrophy induced by type 2 diabetes is naturally
thought to be associated with the recurrence of CSDH as
described above. The association between antithrombotic use and
the recurrence of CSDH was slightly short of being significant
in this study; however, a previous meta-analysis reported that
antithrombotic drugs increased the risk of CSDH recurrence
(30). Use of antithrombotic drugs may raise the possibility of
micro-bleeding, and this may accelerate the growth of hematoma
and recurrence of CSDH.

This study had several limitations. First, our study had
a retrospective and single-center design. Our findings may
be less accurate than those from a planned prospective
study, which limits the generalizability of our results. Second,
HU measurement errors may have occurred. However, we
magnified all brain CT scans for HU measurement and
initially excluded patients with no measurable cancellous
bone of the frontal skull on brain CT, as described in the
Methods. Third, skull HU is not the actual T-score. The
actual T-score was not available because patients with CSDH
usually do not undergo BMD testing. However, we have
previously shown that the skull HU values have relatively
high specificity and sensitivity in predicting the actual T-
score (7).

In conclusion, our study suggests the existence of a
relationship between possible low BMD and recurrence of
CSDH. In addition, our results revealed that age, greater
preoperative midline shift, and diabetes are also predictors for
recurrence. Our findings may be useful for predicting recurrence
in the clinical course of CSDH. Further, we expect that our
findings may help enhance the understanding of the underlying
mechanism of the association between CSDH and BMD in
the future.

Frontiers in Neurology | www.frontiersin.org 7 September 2020 | Volume 11 | Article 538257

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Ha et al. Risk Factors for CSDH Recurrence

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of Hanyang
University Guri Hospital, Korea. The ethics committee waived
the requirement of written informed consent for participation.

AUTHOR CONTRIBUTIONS

M-HH: conception, design of the study, analysis of data,
and visualization. BH and I-SB: acquisition of data. BH and

M-HH: manuscript writing. JK, JC, and JR: study supervision,
reexamination, and revision of the paper. All authors read and
approved the final manuscript.

FUNDING

This work was supported by research funding from Hanyang
University (HY-201900000003370) and Basic Science Research
Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Science, ICT & Future Planning
(NRF-2019R1G1A1085289).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2020.538257/full#supplementary-material

REFERENCES

1. Ohba S, Kinoshita Y, Nakagawa T, Murakami H. The risk factors for

recurrence of chronic subdural hematoma. Neurosurg Rev. (2013) 36:145–

9. doi: 10.1007/s10143-012-0396-z

2. Jang KM, Choi HH, Mun HY, Nam TK, Park YS, Kwon JT.

Critical depressed brain volume influences the recurrence of chronic

subdural hematoma after surgical evacuation. Sci Rep. (2020)

10:1145. doi: 10.1038/s41598-020-58250-w

3. Motiei-Langroudi R, Stippler M, Shi S, Adeeb N, Gupta R, Griessenauer

CJ, et al. Factors predicting reoperation of chronic subdural hematoma

following primary surgical evacuation. J Neurosurg. (2017) 129:1143–

50. doi: 10.3171/2017.6.JNS17130

4. Lee K-S. Chronic subdural hematoma in the aged, trauma or degeneration? J

Korean Neurosurg Soc. (2016) 59:1–5. doi: 10.3340/jkns.2016.59.1.1

5. Vignes J-R, Dagain A, Guérin J, Liguoro D. A hypothesis of cerebral

venous system regulation based on a study of the junction between

the cortical bridging veins and the superior sagittal sinus. laboratory

investigation. J Neurosurg. (2007) 107:1205–10. doi: 10.3171/JNS-07/

12/1205

6. Nierenberger M, Wolfram-Gabel R, Decock-Catrin S, Boehm N,

Rémond Y, Kahn J-L, et al. Investigation of the human bridging

veins structure using optical microscopy. Surg Radiol Anat. (2013)

35:331–7. doi: 10.1007/s00276-012-1035-7

7. Han M-H, Won YD, Na MK, Kim CH, Kim JM, Ryu JI, et al.

Association between possible osteoporosis and shunt-dependent

hydrocephalus after subarachnoid hemorrhage. Stroke. (2018)

49:1850–8. doi: 10.1161/STROKEAHA.118.021063

8. Gebel James M, Sila Cathy A, Sloan Michael A, Granger Christopher

B, Weisenberger Joseph P, Green Cindy L, et al. Comparison of the

ABC/2 estimation technique to computer-assisted volumetric analysis of

intraparenchymal and subdural hematomas complicating the GUSTO-1 trial.

Stroke. (1998) 29:1799–801. doi: 10.1161/01.STR.29.9.1799

9. Won S-Y, Zagorcic A, Dubinski D, Quick-Weller J, Herrmann E, Seifert V,

et al. Excellent accuracy of ABC/2 volume formula compared to computer-

assisted volumetric analysis of subdural hematomas. PLoS ONE. (2018)

13:e0199809. doi: 10.1371/journal.pone.0199809

10. Birnbaum BA, Hindman N, Lee J, Babb JS. Multi-detector row CT

attenuation measurements: assessment of intra- and interscanner variability

with an anthropomorphic body CT phantom. Radiology. (2007) 242:109–

19. doi: 10.1148/radiol.2421052066

11. BerhoumaM, Krolak-Salmon P. Brain and Spine Surgery in the Elderly. Cham:

Springer (2017). doi: 10.1007/978-3-319-40232-1

12. Abdelfatah MAR. Recurrence rate of chronic subdural hematoma

after evacuating it by two large burr holes, irrigation, and

subgaleal low-pressure suction drainage. Asian J Neurosurg. (2019)

14:725–9. doi: 10.4103/ajns.AJNS_321_17

13. Choi MK, Kim SM, Lim JK. Diagnostic efficacy of Hounsfield units

in spine CT for the assessment of real bone mineral density of

degenerative spine: correlation study between T-scores determined by DEXA

scan and Hounsfield units from CT. Acta Neurochir. (2016) 158:1421–

7. doi: 10.1007/s00701-016-2821-5

14. Schreiber JJ, Anderson PA, Rosas HG, Buchholz AL, Au AG.

Hounsfield units for assessing bone mineral density and strength:

a tool for osteoporosis management. J Bone Joint Surg Am. (2011)

93:1057–63. doi: 10.2106/JBJS.J.00160

15. Pickhardt PJ, Pooler BD, Lauder T, del Rio AM, Bruce RJ, Binkley

N. Opportunistic screening for osteoporosis using abdominal computed

tomography scans obtained for other indications. Ann Intern Med. (2013)

158:588–95. doi: 10.7326/0003-4819-158-8-201304160-00003

16. Na MK, Won YD, Kim CH, Kim JM, Cheong JH, Ryu JI, et al. Opportunistic

osteoporosis screening via the measurement of frontal skull hounsfield

units derived from brain computed tomography images. PLoS ONE. (2018)

13:e0197336. doi: 10.1371/journal.pone.0197336

17. Grant SF, Reid DM, Blake G, Herd R, Fogelman I, Ralston SH. Reduced

bone density and osteoporosis associated with a polymorphic Sp1 binding

site in the collagen type I alpha 1 gene. Nat Genet. (1996) 14:203–

5. doi: 10.1038/ng1096-203

18. Yamashima T, Friede RL. Why do bridging veins rupture into the

virtual subdural space? J Neurol Neurosurg Psychiatry. (1984) 47:121–

7. doi: 10.1136/jnnp.47.2.121

19. Ponticos M, Partridge T, Black CM, Abraham DJ, Bou-Gharios G.

Regulation of collagen type I in vascular smooth muscle cells by

competition between Nkx2.5 and δEF1/ZEB1. Mol Cell Biol. (2004) 24:6151–

61. doi: 10.1128/MCB.24.14.6151-6161.2004

20. Bae I-S, Kim JM, Cheong JH, Ryu JI, Han M-H. Association between bone

mineral density and brain parenchymal atrophy and ventricular enlargement

in healthy individuals. Aging. (2019) 11:8217–38. doi: 10.18632/aging.102316

21. Sack I, Streitberger K-J, Krefting D, Paul F, Braun J. The influence of

physiological aging and atrophy on brain viscoelastic properties in humans.

PLoS ONE. (2011) 6:e23451. doi: 10.1371/journal.pone.0023451

22. Chon K-H, Lee J-M, Koh E-J, Choi H-Y. Independent predictors for

recurrence of chronic subdural hematoma. Acta Neurochir. (2012) 154:1541–

8. doi: 10.1007/s00701-012-1399-9

23. Motoie R, Karashima S, Otsuji R, Ren N, Nagaoka S, Maeda K, et al.

Recurrence in 787 patients with chronic subdural hematoma: retrospective

Frontiers in Neurology | www.frontiersin.org 8 September 2020 | Volume 11 | Article 538257

https://www.frontiersin.org/articles/10.3389/fneur.2020.538257/full#supplementary-material
https://doi.org/10.1007/s10143-012-0396-z
https://doi.org/10.1038/s41598-020-58250-w
https://doi.org/10.3171/2017.6.JNS17130
https://doi.org/10.3340/jkns.2016.59.1.1
https://doi.org/10.3171/JNS-07/12/1205
https://doi.org/10.1007/s00276-012-1035-7
https://doi.org/10.1161/STROKEAHA.118.021063
https://doi.org/10.1161/01.STR.29.9.1799
https://doi.org/10.1371/journal.pone.0199809
https://doi.org/10.1148/radiol.2421052066
https://doi.org/10.1007/978-3-319-40232-1
https://doi.org/10.4103/ajns.AJNS_321_17
https://doi.org/10.1007/s00701-016-2821-5
https://doi.org/10.2106/JBJS.J.00160
https://doi.org/10.7326/0003-4819-158-8-201304160-00003
https://doi.org/10.1371/journal.pone.0197336
https://doi.org/10.1038/ng1096-203
https://doi.org/10.1136/jnnp.47.2.121
https://doi.org/10.1128/MCB.24.14.6151-6161.2004
https://doi.org/10.18632/aging.102316
https://doi.org/10.1371/journal.pone.0023451
https://doi.org/10.1007/s00701-012-1399-9
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Ha et al. Risk Factors for CSDH Recurrence

cohort investigation of associated factors including direct oral anticoagulant

use.World Neurosurg. (2018) 118:e87–e91. doi: 10.1016/j.wneu.2018.06.124

24. Schwarz F, Loos F, Dünisch P, Sakr Y, Safatli DA, Kalff R, et al.

Risk factors for reoperation after initial burr hole trephination in

chronic subdural hematomas. Clin Neurol Neurosurg. (2015) 138:66–

71. doi: 10.1016/j.clineuro.2015.08.002

25. Stanisic M, Lund-Johansen M, Mahesparan R. Treatment of chronic

subdural hematoma by burr-hole craniostomy in adults: influence of some

factors on postoperative recurrence. Acta Neurochir. (2005) 147:1249–

56. doi: 10.1007/s00701-005-0616-1

26. Pang CH, Lee SE, Kim CH, Kim JE, Kang H-S, Park C-K,

et al. Acute intracranial bleeding and recurrence after bur hole

craniostomy for chronic subdural hematoma. J Neurosurg. (2015)

123:65–74. doi: 10.3171/2014.12.JNS141189

27. Kim SU, Lee DH, Kim YI, Yang SH, Sung JH, Cho CB. Predictive factors

for recurrence after burr-hole craniostomy of chronic subdural hematoma. J

Korean Neurosurg Soc. (2017) 60:701–9. doi: 10.3340/jkns.2016.1010.003

28. Roberts RO, Knopman DS, Przybelski SA, Mielke MM, Kantarci

K, Preboske GM, et al. Association of type 2 diabetes with

brain atrophy and cognitive impairment. Neurology. (2014)

82:1132–41. doi: 10.1212/WNL.0000000000000269

29. Moran C, Beare R, Wang W, Callisaya M, Srikanth V.

Alzheimer’s Disease Neuroimaging Initiative (ADNI). type

2 diabetes mellitus, brain atrophy, and cognitive decline.

Neurology. (2019) 92:e823–30. doi: 10.1212/WNL.00000000000

06955

30. Wang H, Zhang M, Zheng H, Xia X, Luo K, Guo F, et al. The

effects of antithrombotic drugs on the recurrence and mortality in

patients with chronic subdural hematoma: a meta-analysis. Medicine. (2019)

98:e13972. doi: 10.1097/MD.0000000000013972

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Ha, Bae, Kim, Cheong, Ryu and Han. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 9 September 2020 | Volume 11 | Article 538257

https://doi.org/10.1016/j.wneu.2018.06.124
https://doi.org/10.1016/j.clineuro.2015.08.002
https://doi.org/10.1007/s00701-005-0616-1
https://doi.org/10.3171/2014.12.JNS141189
https://doi.org/10.3340/jkns.2016.1010.003
https://doi.org/10.1212/WNL.0000000000000269
https://doi.org/10.1212/WNL.0000000000006955
https://doi.org/10.1097/MD.0000000000013972
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Effects of Possible Osteoporotic Conditions on the Recurrence of Chronic Subdural Hematoma
	Introduction
	Materials and Methods
	Study Patients
	Surgical Procedures and Management
	Clinical and Radiographic Variables
	Measurement of Frontal Skull HU
	Statistical Methods

	Results
	Characteristics of the Study Patients
	Skull HU Values According to CSDH Recurrence
	Association Between Preoperative Midline Shift and Skull HU and CSDH Recurrence
	Cumulative Hazard of CSDH Recurrence According to Predictive Factors
	Independent Predictive Factors for CSDH Recurrence

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


