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Background and purpose: Previous studies have identified many risk factors related to the
recurrence of chronic subdural hematomas (CSDHs). Among these factors, there may be
deviations in measuring the midline shift, preoperative hematoma volume (PreHV), post-
operative hematoma residual volume, and postoperative pneumocephalus in bilateral
CSDHs. The aims of this study were to eliminate the impact of complicated situations on
parameter measurement and to identify actual predictors for CSDH recurrence, and finally, to
develop a grading system to predict unilateral CSDH (uCSDH) recurrence.

Patients and methods: A total of 342 patients with uCSDH were identified. Predictors of
uCSDH recurrence were obtained from univariable and multivariable logistic regression
models. A prognostic grading system was developed based on the results of multivariable
logistic regression and receiver operating characteristic (ROC) analyses. All patients were
scored according to the grading system, and differences in the recurrence rate were reana-
lyzed according to the scores.

Results: Age, antiplatelet or anticoagulant use, midline shift, severe brain atrophy, drainage
volume, and the ratio of the postoperative pneumocephalus volume (PostPV) to the post-
operative hematoma cavity volume (PostHCV) were identified as independent risk factors for
predicting the recurrence of uCSDH. The cut-off values of age, drainage volume, midline
shift, and the ratio of the PostPV to the PostHCV were 67 years, 101 mL, 11.2 mm, and
31.61%, respectively. The recurrence rates were 1.7%, 12.4%, 19.4%, 53.3%, and 58.3% for
scores of 0-1, 2, 3, 4, and 5-6, respectively, which significantly increased as the score
increased (P<0. 001).

Conclusion: The prognostic grading system for uCSDH on the basis of multivariable
logistic regression and ROC analyses is applicable and reliable.

Keywords: brain atrophy, chronic subdural hematoma, Glasgow Coma Scale, Glasgow

Outcome Scale, grading system, recurrence rate

Introduction

Chronic subdural hematoma (CSDH) is one of the most common intracranial
hematomas and is predominantly encountered in elderly people after head trauma.
The annual incidence of CSDH is 16.3 per 100,000 individuals and up to 58.1 per
100,000 in patients over 65 years of age,' while the incidence of CSDH continues
to increase as the population ages.” Although CSDH is recognized as benign and
has a favorable prognosis after surgical evacuation according to a previous opinion,
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the recurrence rate has been reported to be as high as 5%
to 30%,” with a mortality rate of 9.1% in the general
population and up to 16.7% in the elderly.**

Previous studies have identified many risk factors

related to recurrence of CSDH, including age,5 sex,’

bilateral hematomas,® antiplatelet or anticoagulant use,”*

brain atrophy,” computer tomography (CT) density,”'°
shift,®

(PreHV),”'? postoperative hematoma residual volume,'’

midline preoperative  hematoma  volume
and postoperative pneumocephalus.'' Among these fac-
tors, there may be deviations in measuring the midline
shift, PreHV, postoperative hematoma residual volume,
and postoperative pneumocephalus, because there are
some situations that have not been documented, such as
the CSDH being unilateral or bilateral; if bilateral
CSDHs (bCSDHs) exist, whether the surgical procedure
was performed on a single side or on both sides; and if a
performed on bCSDHs,

whether contralateral hematoma progression occurred

single-side operation was

after surgery.

In the present study, we excluded bCSDHs to eliminate
the impact of complicated situations on parameter mea-
surement and to identify actual predictors for CSDH recur-
rence. Finally, we developed a grading system to predict
unilateral CSDH (uCSDH) recurrence, because most
CSDHs are unilateral (bCSDH accounts for approximately
20%'2).

Materials And Methods
Patients And Methods

Exclusion Criteria

We retrospectively analyzed patients with CSDH who
were admitted to the Department of Neurosurgery,
Yijishan Hospital of Wanan Medical College, China,
between October 2012 and November 2018. The exclusion
criteria included the following: (1) bCSDHs or contralat-
eral subdural effusion; (2) age < 18 years; (3) CSDH due
to cerebrovascular disease; (4) patients with arachnoid
cysts; (5) underwent an intracranial operation 6 months
prior to admission; (6) acute epidural hematoma or acute
subdural hematoma after surgery; and (7) patients with
missing data. A total of 342 patients with uCSDH were
identified in this study (Figure 1).

Surgical Procedure

All patients in our study received a uniform surgical
procedure. After local or general anesthesia, a single
burr hole craniotomy was performed at the thickest

layer of the hematoma, and a silicone catheter was placed
into the hematoma cavity and rinsed with warm saline
until the liquid that flowed out became clear. A closed-
system drainage was connected to the catheter and placed
at the patient’s head level. The drainage system was
removed within 3 days after surgery.

CT Scan And Imaging Analysis

Head CT scans at admission and within three days after
surgery were performed in all patients. Brain atrophy was
classified as follows: (1) no or mild atrophy, (2) moderate
atrophy, and (3) severe atrophy. Hematomas were classi-
fied into five types according to their density (Figure 2), as
follows: (1) homogeneous (homogeneous hypodense,
homogeneous isodense and homogeneous hyperdense),
(2) separated or gradation, (3) laminar, (4) trabecular,
and (5) mixed. Hematoma densities of types (1) to (4)
have been described in a previous study,'” whereas the
mixed density was defined as having two or more of the
above mentioned types of CT density appearing on one
layer or on a different layer in one patient. The PreHYV,
postoperative hematoma volume (PostHV), and postopera-
tive pneumocephalus volume (PostPV) were calculated as
follows: ) [layer thicknessxarea of each layer]. The area
of the layer was measured with Image J software. The
postoperative hematoma cavity volume (PostHCV) was
calculated as PostHV+PostPV. The rate of hematoma
clearance was calculated as follows: (PreHV-PostHV)/
PreHV. The extent of hematoma cavity reduction was
calculated as follows: (PreHV-PostHCV)/PreHV.

Parameters Included In The Statistical Analysis

The following clinical and radiological parameters were
included in the statistical analysis: age, sex, history of head
trauma, use of antiplatelet or anticoagulant drugs, hyperten-
sion, diabetes mellitus, presenting Glasgow Coma Scale
(GCS) score, Glasgow Outcome Scale (GOS) score, drainage
volume, midline shift, hematoma side, hematoma density,
brain atrophy, PreHV, PostHV, PostPV, PostHCV, the rate of
hematoma clearance, the extent of hematoma cavity reduc-
tion, the ratio of the PostPV to the PreHYV, the ratio of the
PostPV to the PostHCV, and the ratio of the PostHV to the
PreHV. All the parameters were measured by 1 neuroradiol-
ogist and 2 neurosurgeons who were blinded to the study.

Follow-Up And Definition Of CSDH Recurrence

All patients were followed up at the outpatient depart-
ment for more than three months after discharge. During
follow-up, patients who had new onset or worsening of
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Patients with chronic subdural

hematoma (CSDH)
N=558

v

Excluded cases

- Bilateral CSDHs (N=165)

- Controlateral subdural effusion (N=12)

- Intracranial operation within 6 months (N=3)
- Age <18 years (N=1)

- CSDH due to cerebrovascular disease (N=5)
- Patients with arachnoid cyst (N=3)

v

Patients who met the criteria
N=369

Secondary exclusion

- Acute epidural hematoma needing operation (N=2)
- Acute subdural hematoma needing operation (N=2)
- Death (N=1)

- Patients with missing data (N=22)

\ 4

Final number of patients recruited
N=342 >

Clinical data collection and parameters measurement

v

Obtained independent risk factors |
(multivariate logistic regression)

Obtained risk factors (univariate analysis )

Obtained cut-off values (ROC model)

v VL

Grading system was created

}

All patients were scored and the differences in
recurrence rate between score points was analyzed

Figure | The experimental flow chart and exclusion criteria of this study.
Notes: Red arrows indicate the ultimate purpose of this study.

neurological symptoms underwent a CT scan immedi-
ately, and an increase in the hematoma volume in the
CT scans that needed another surgery was defined as
CSDH recurrence.

Statistical Analyses

Data are presented as the numbers of patients (percen-
tages) and as the means + standard deviations (SDs) for
categorical and continuous variables, respectively. A
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Figure 2 The classification of CSDH according to the hematoma density on CT performance. This classification is based on previous research.'® (A) Homogenous
hypodense. (B) Homogenous isodense. (C) Homogenous hyperdense. (D) Separated type, the two components of the hematoma are clearly separated. (E) Gradation type,
the density of the hematoma gradually changes from hyperdense to hypodense. (F) Laminar type, a linear hyperdense located in the inner membrane of the hematoma. (G)
Trabecular type, the hematoma was separated by several high-density septa. (H and I) Mixed density, two or more types of CT density appear on one layer or on the
different layer in one patient.

univariable analysis was performed with Student’s #-test or ~ multivariable logistic regression model. A receiver operat-
the y2 test where appropriate. Variables with a P-value ing characteristic (ROC) curve was created from indepen-
< 0.05 in the univariable analysis were included in the dent risk factors obtained from the multivariable logistic
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regression analysis. The area under the curve (AUC), 95%
confidence interval (CI) and cut-off value of the continu-
ous variables were recorded. A grading system was cre-
ated on the basis of the independent risk factors from the
multivariable logistic regression analysis and cut-off
values from the ROC model. All statistical analyses were
conducted with SPSS (version 22.0, IBM Corp.), P<0.05
was considered statistically significant. The ROC model
was analyzed with MedCalc statistical software (version
14.8, Ostend, Belgium).

Results

Patient Characteristics

A total of 342 patients with uCSDH were identified as
meeting the criteria. There were 62 women (18.1%) and
280 men (81.9%) in this study, and the mean age at
diagnosis was 68.13 years (range from 21 to 88 years).
Recurrence was identified in 52 patients, and the recur-
rence rate was 15.2% (17.7% in women and 14.6%
in men).

Univariable Analysis

The univariable analysis of factors related to recurrence is
shown in Table 1. The mean age of the recurrence group
was 71.67+10.09 years, which was significantly older than
that of the no recurrence group (67.49+12.05 years;
P=0.019). Patients with antiplatelet or anticoagulant use
and severe brain atrophy had a higher recurrence rate
(P=0.043 and P<0.001, respectively). The GOS score at
discharge was significantly lower in the recurrence group
than in the no recurrence group (P=0.009). The midline
shift, drainage volume, PreHV, and PostPV were signifi-
cantly higher in the recurrence group than in the no recur-
rence group. To determine whether the PostPV is related to
the PreHV and PostHCV, the ratios of the PostPV to the
PreHV and PostHCV were analyzed, and the results
revealed that the ratios of the PostPV to both the PreHV
and PostHCV were significantly higher in the recurrence
group than in the no recurrence group.

Multivariable Logistic Regression Analysis
The results of the multivariable logistic regression analysis
are shown in Table 2. Age, antiplatelet or anticoagulant
use, midline shift, severe brain atrophy, drainage volume,
and the ratio of the PostPV to the PostHCV were identified
as independent risk factors for predicting the recurrence of
uCSDH.

Table | Univariable Analysis Of Clinical And Radiological
Parameters Related To Recurrence Of Unilateral CSDH

Risk Management and Healthcare Policy 2019:12

Factors Number Of Patients (%) P value
Recurrence No Recurrence

Total 52 (15.2%) 290 (84.8%)

Sex 0.539
Male 41 (14.6%) 239 (85.4%)

Female 1 (17.7%) 51 (82.3%)

Age (years) 71.67£10.09 67.49£12.05 0.019

History of trauma 0.855
Yes 26 (14.9%) 149 (85.1%)

No 26 (15.6%[] 141 (84.4%)

Hypertension 0.485
Yes 15 (13.3%) 98 (86.7%)

No 37 (16.2%) 192 (83.8%)

Diabetes Mellitus 0.555
Yes 6 (20.7%) 23 (79.3%)

No 46 (14.7%) 267 (85.3%)

Antiplatelet or 0.043

anticoagulant use
Yes 6 (35.3%) 11 (64.7%)
No 46 (14.2%) 279 (85.8%)

Anesthesia 0.584
Local 18 (13.8%) 112 (86.2%)

General 34 (16.0%) 178 (84.0%)

GCS at admission 14.60+0.87 14.52+1.03 0.636

GOS at discharge 4.48+0.73 4.77+0.50 0.009

Hematoma side 0.989
Left 22 (15.2%) 123 (84.8%)

Right 30 (15.2%) 167 (84.8%)

Midline shift 11.62+3.65 10.38+4.04 0.041

Brain atrophy <0.001
No or mild 4 (4.1%) 94 (95.9%)

Moderate 11 (7.7%) 131 (92.3%)
Severe 47 (42.0%) 65 (58.0%)

Hematoma density 0.119
Homogeneous 30 (15.9%) 159 (84.1%)
Homogeneous 3 (5.9%) 48 (94.1%)

hypodense
Homogeneous 15 (16.0%) 79 (84.0%)

isodense
Homogeneous 12 (27.3%) 32 (72.7%)

hyperdense
Laminar 2 (7.7%) 24 (92.3%)

Separated 8 (21.1%) 30 (78.9%)
Trabecular 10 (20.0%) 40 (80.0%)
Mixed 2 (5.0%) 38 (95.0%)
(Continued)
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Table | (Continued).

Factors Number Of Patients (%) P value
Recurrence No Recurrence

Drainage volume (mL) | 183.75+204.93 | 101.39+119.86 0.007

PreHV (cm?) 183.17+50.05 154.42+54.03 <0.001

PostHV (cm?) 74.09+38.12 75.63%123.5 0.929

PostPV (cm®) 42.51£33.79 18.96+24.39

PostHCV (cm?) 116.61£37.46 94.59+133.85 0.24

Rate of hematoma 0.592+0.183 0.477x1.166 0.478

clearance

Hematoma cavity 0.3514+0.176 0.355+1.249 0.984

volume reduction

PostPV/PreHV 0.241+0.187 0.122+0.160 <0.001

PostPV/PostHCV 0.364+0.242 0.203+0.189 <0.001

PostHV/PreHV 0.408+0.183 0.523%1.166 0.478

Notes: Significant P values are in bold type.

Abbreviations: GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale;
PostHCV, postoperative hematoma cavity volume; PostHV, postoperative hema-
toma volume; PostPV, postoperative pneumocephalus volume; PreHV, preoperative
hematoma volume.

Table 2 Multivariable Logistic Regression Analysis Of Factors
Related To Recurrence Of Unilateral CSDH

Factor Adjusted 95% CI P value
OR
Age 1.053 1.007-1.100 | 0.023
Antiplatelet or 4.802 1.139-20.248 | 0.033
anticoagulant use
GOS at discharge 3.84 0.873-16.897 | 0.075
Midline shift 0.879 0.798-0.981 0.021
Brain atrophy 11.74 4.427-31.131 | <o0.001
Drainage volume (mL) 0.998 0.996—-1.000 | 0.042
PreHV (cm?) 0.999 0.989-1.010 | 0.895
PostPV (cm®) 1.013 0.972-1.056 | 0.532
PostPV/PreHV 0.109 0.000-36.898 | 0.456
PostPV/PostHCV 0.031 0.002-0.416 | 0.009

Notes: Significant P values are in bold type.

Abbreviations: Cl, confidence interval; GOS, Glasgow Outcome Scale; OR, Odds
Ratio; PostHCV, postoperative hematoma cavity volume; PostHV, postoperative
hematoma volume; PostPV, postoperative pneumocephalus volume; PreHV, preo-
perative hematoma volume.

ROC Curve Analysis

The independent risk factors obtained from the multivari-
able logistic regression model were entered into the ROC
model. Figure 3 presents the ROC curves of the six inde-
pendent risk factors. The AUC, 95% CI and cut-off values

100 —

80—

60—

40—

Sensitivity

Age
Antiplatelet or anticoagulant use
Brain atrophy

Drainage volume

Midline shift

PostPV / PostHCV

100-Specificity

Figure 3 ROC model of the six independent risk factors obtained from the
multivariate logistic regression analysis.

Abbreviations: PostPV, postoperative pneumocephalus volume; PostHCV, post-
operative hematoma cavity volume.

of the continuous variables are presented in Table 3. The
cut-off values of age, the ratio of the PostPV to the
PostHCYV, drainage volume, and midline shift were 67
years, 31.61%, 101 mL, and 11.2 mm, respectively.

Development Of A Prognostic Grading
System

Based on the results of multivariable logistic regression
and ROC curve analyses, a prognostic grading system was
developed and is shown in Table 4. To make this grading
system simple for clinical reference, the PostPV/PostHCV
ratio, drainage volume, and midline shift were adjusted to
33.33% (1/3), 100 mL and 11 mm, respectively. We
assume that this scoring system is applicable, and all
patients were then scored, and differences in the recur-
rence rate were analyzed according to the scores. The
recurrence rates were 1.7%, 12.4%, 19.4%, 53.3%, and
58.3% for scores of 0-1, 2, 3, 4, and 5-6, respectively,
which significantly increased as the score increased (P< 0.
001) (Table 5).

Discussion
CSDH is usually encountered in elderly people in neuro-
surgical practice as the population ages. Regardless of

submit your manuscript

184

Dove

Risk Management and Healthcare Policy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Shen et al

Table 3 Characteristics In The ROC Curves Of The Six

Independent Risk Factors

Variables AUC | SE 95% ClI Cut-Off
Value

Antiplatelet or 0.539 [ 0.023 | 0.484-0.592 | NA

anticoagulant use

Brain atrophy 0.761 | 0.034 | 0.712-0.805 | NA

Age 0.6 0.042 | 0.545-0.652 | >67 years

PostPV/PostHCV 0.702 | 0.041 | 0.651-0.750 | >31.61%

Drainage volume (mL) | 0.656 | 0.042 | 0.603-0.706 | >101 mL

Midline shift 0.595 | 0.042 | 0.541-0.648 | >I1.2 mm

Abbreviations: AUC, area under the curve; Cl, confidence interval; NA, not
available; PostHCYV, Postoperative hematoma cavity volume; PostPV, postoperative
pneumocephalus volume; SE, standard error.

Table 4 The Prognostic Grading System For Unilateral CSDH
Recurrence

Components Of The Prognostic Grading Score

System Points

Antiplatelet or anticoagulant use
Yes |
No 0

Severe brain atrophy
Yes |
No 0

Age
>67 years |
<67 years 0

PostPV/PostHCV
>33.33% (1/3) I
<33.33% (1/3) 0

Drainage volume (mL)
>100 mL |
<100 mL 0

Midline shift
> mm |

<l mm 0

Total score 6

Table 5 The Recurrence Rate Of Patients With Different Scores

Scores | Recurrence | No Recurrence P
Recurrence | Rate value

0-1 2 118 1.70% <0.001

2 14 99 12.40%

3 13 54 19.40%

4 16 14 53.30%

5-6 7 5 58.30%

Abbreviations: PostHCV, postoperative hematoma cavity volume; PostPV, post-
operative pneumocephalus volume.

which surgical strategy may be selected, the recurrence
rate of CSDH is still high and causes permanent neurolo-

gical damage or even death in some patients.>'?
Therefore, the identification of risk factors associated
with CSDH recurrence is meaningful for postoperative
management and trials;  for

therapeutic example,

Atorvastatin was recently proven to reduce CSDH by 29

3 and

mL after 8 weeks of consecutive administration,’
Dexamethasone was demonstrated to reduce the recur-
rence rate and avoid a reoperation for recurrent
CSDH.'*"

Previous studies have shown that CT density is asso-
ciated with CSDH recurrence. StaniSic M, et al reported
that the incidence, hyperdense, laminar, and separated
types of CSDH were risk factors associated with
recurrence.'® Jack A et al showed that separated CSDH
was an independent risk factor for predicting the recur-
rence of CSDH.” However, we and others did not find a
positive correlation between CT density and the recurrence
of CSDH.'®"" In addition, we analyzed the CT images of
all patients and found that the previous types of CT density
did not include all patients. Two or more types of CT
density may appear on one layer or on different layers in
one patient. Therefore, we defined a mixed type for these
patients.

Severe brain atrophy, antiplatelet or anticoagulant use,
and age were identified as independent risk factors for
CSDH recurrence, and these results were consistent with
those from previous studies.”’”’ Due to the mass effect of
the hematoma, the measurement of brain atrophy on the
initial CT scan is subjective and not precise.'” Therefore,
the degree of brain atrophy was identified on postoperative
and follow-up CT images. The drainage volume was sig-
nificantly higher in the recurrence group than in the no
recurrence group. Excessive drainage may cause a large
amount of cerebrospinal fluid (CSF) to enter the hematoma
cavity, while CSF leakage into the subdural space could be
involved in the pathogenesis and recurrence of CSDH and
subdural hygroma.'*'® This theory can also explain why
the recurrence rate in patients with severe brain atrophy
was significantly higher (i.e., because the subdural space
of patients with severe brain atrophy is wider, it easily
accumulates CSF). Although sex and GOS scores were
considered to be associated with the recurrence of
CSDH,>'" they were not identified as independent risk
factors in the present study.

Contralateral hematoma progression after the unilateral
evacuation of bCSDH is

usually encountered in
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neurosurgical practice.’”>® Some patients even experi-
enced an increase in the volume of the contralateral hema-
toma within one day after unilateral surgery.”> One
explanation for this phenomenon is that an increase in
the volume of the contralateral hematoma is due to a
reduction in intracranial pressure after a unilateral opera-
tion (i.e., the larger the ipsilateral hematoma is, the higher
the pressure relief on the untreated side, followed by con-
tralateral hematoma expansion).”” This suggests existing
bias in some parameter measurements of bCSDHs, such as
the midline shift, PreHV, PostHV, and PostPV. We elimi-
nated the bCSDHs in this study to reduce bias and to
determine the actual parameters associated with CSDH
recurrence.

Although the XYZ/2 method has been demonstrated to
be reliable for CSDH by Sucu et al** and others,”* it is
not suitable for the measurement of the PostHV and
PostPV because the postoperative hematoma and air are
often irregular and mixed together. To quantitatively ana-
lyze the PostHV and PostPV, we measured the area of the
postoperative hematoma and pneumocephalus at each
layer, added the area of all layers, and multiplied by the
layer thickness, thus obtaining the volume. The PreHV and
PostPV have been demonstrated to be independent risk
factors for the recurrence of CSDH,”'” and in the present
study, both were identified as risk factors but not indepen-
dent risk factors; only the ratio of the PostPV to the
PostHCV was revealed as an independent risk factor. To
the best of our knowledge, this was the first time that
bCSDHs were excluded to eliminate the impact of com-
plicated situations on parameter measurement and that the
PostPV and PostHV were analyzed together with the
PreHV and PostHCV.

There are only two grading systems available in pub-
lished literature.”'® Jack A et al’ described a prognostic
grading system for CSDH recurrence based on a patient’s
age (with a cut-off value of 80 years), the PreHV (with a
cut-off value of 160 mL), and the presence of hematoma
septation. Stanigi¢ M et al'® developed a prognostic grad-
ing system based on the CT imaging appearance (isodense,
hyperdense, laminar and separated types of hematoma),
PreHV (cut-off value of 130 mL), and PostHCV (with a
cut-off value of 80 and 200 mL). However, the PostHV
and PostPV were not measured in the two studies, and the
midline shift was ignored by StaniSic M et al.

In the present study, we developed a new grading
system for uCSDH recurrence based on multivariable
logistic regression and ROC curve analyses. Among the

six components of this grading system, antiplatelet or
anticoagulant use, severe brain atrophy, age, drainage
volume, and midline shift were identified conveniently.
Only the ratio of the PostPV to the PostHCV needs to be
carefully measured. The cut-off value of age in the present
study was 67 years, which is far younger than that pre-
viously reported (80 years).”'® The recurrence rate of
CSDH was significantly increased as the score increased,
revealing that the prognostic grading system is applicable
and reliable.

There are some inevitable limitations to this study. First, the
prognostic grading system applies only to uCSDH recurrence,
and the risk factors for bCSDH recurrence should be further
investigated. Next, for homogeneous isodense CSDH, the
boundary between the hematoma and the normal brain tissue
is not clear. Although magnetic resonance imaging (MRI) was
performed in most homogeneous isodense CSDH patients,
some patients who needed emergency surgery did not undergo
an MRI examination. We tried our best to adjust the threshold
of the hematoma and combine the upper and lower layers to
measure the area of the hematoma; however, there may still be
bias. Finally, this was a single-center study, and the number of
uCSDH patients was small; therefore, a multicenter, large
sample size study is needed to confirm our results and the
reliability of the prognostic grading system of uCSDH
recurrence.

Conclusion

This study demonstrated that age, antiplatelet or anticoagu-
lant use, midline shift, severe brain atrophy, drainage volume,
and the ratio of the PostPV to the PostHCV were independent
risk factors for predicting the recurrence of uCSDH. The cut-
off values of age, drainage volume, midline shift, and the ratio
of the PostPV to the PostHCV were 67 years, 101 mL,
11.2 mm, and 31.61%, respectively. The prognostic grading
system for uCSDH on the basis of multivariable logistic
regression and ROC curve analyses is applicable and reliable.

Abbreviations

AUC, area under the curve; bCSDHs, bilateral chronic sub-
dural hematomas; CI, confidence interval; CSDH, chronic
subdural hematoma; GCS, Glasgow Coma Scale; GOS,
Glasgow Outcome Scale; PostHCV, postoperative hematoma
cavity volume; PostHV, postoperative hematoma volume;
PostPV, postoperative pneumocephalus volume; PreHV, pre-
operative hematoma volume; ROC, receiver operating char-
acteristic; SD, standard deviation; SE, standard error; uCSDH,
unilateral chronic subdural hematoma.
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