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Nomogram-Based Independent Risk Factor Analysis and 
Recurrence Prediction for Chronic Subdural Hematoma After 
Single Burr Hole Drainage

ABSTRACT

AIM: To identify independent risk factors and propose a predictor scoring system in chronic subdural hematoma (CSDH).
MATERIAL and METHODS: Through retrospective analysis, we analyzed the data from 279 patients with CSDH from 2010 to 2020. 
Independent risk factors for recurrence were identified through univariate and logistic regression analyses. A risk-scoring model 
was developed using a nomogram, which was applied to all patients considering postoperative recurrence as a target. ROC curve 
analysis was done to assess the accuracy of the estimated scoring system.
RESULTS: The results revealed significant differences in Glasgow outcome scale (GOS), brain re-expansion after drainage, 
postoperative use of atorvastatin, side and density of hematoma, the history of trauma, hematoma separated, History of diabetes, 
and midline shift between patients with recurrent CSDH and non-recurrent. A scoring parameter was developed through a nomogram 
based on a combination of scored risk factors that were significantly higher in patients with recurrent CSDH (P-value <0.001). The 
sensitivity and specificity of the predictor score confirmed its efficacy in predicting the recurrence risk of CSDH (sensitivity: 70.5%, 
specificity: 45.9 %; cutoff: 0.74 and 95% confidence interval: 6.57-0.74).
CONCLUSION: A scoring system was finally obtained for the prediction of postoperative recurrence risk. The establishment of a 
predictor scoring system will help clinicians better monitor and adopt efficient management strategies for high-risk patients.
KEYWORDS: Chronic subdural hematoma, Burr hole drainage, Recurrence rate, Glasgow coma scale, Prognostic risk, Grading 
system.

ABBREVIATIONS: CSDH: Chronic subdural hematoma, GOS: Glasgow outcome scale, GCS: Glasgow coma scale, ROC: Receiver 
operating characteristic, AUC: Area under the curve, CT: Computed tomography, MRI: Magnetic resonance imaging, SDH: Subdural 
hematoma, PreHTh: Preoperative hematoma thickness, PostHTh: Postoperative hematoma thickness, mRS: Modified rankin scale, 
MGS: Markwalder grading scale, IQR: Interquartile range, CI: Confidence interval
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█  MATERIAL and METHODS
Study Design

We retrospectively analyzed clinical data of all patients with 
CSDH admitted to the Seventh Medical Center of the PLA 
General Hospital from 2010 to 2020. This study was approved 
by the Ethics Committee of the Seventh Medical Center of the 
PLA General Hospital (approval number: 2021-133, approval 
date: November 14, 2021). All procedures were performed in 
accordance with the relevant guidelines and regulations of the 
Ethics Committee. All patients provided informed consent for 
participation and the use of anonymized data. Inclusion crite-
ria were patients aged 18–96 years who underwent burr hole 
drainage for CSDH, with complete medical records including 
preoperative, intraoperative, and postoperative data, docu-
mented follow-up for recurrence, and at least one postoper-
ative imaging study to evaluate recurrence. Exclusion criteria 
included age <18 years, craniotomy within the past 6 months, 
acute subdural hematoma, incomplete medical records, lack 
of follow-up, or patients undergoing other neurosurgical pro-
cedures except burr hole drainage. Postoperative imaging 
findings were used to confirm recurrence, which was defined 
based on hematoma re-accumulation on imaging combined 
with clinical symptoms (34).

Imaging Analysis

In patients with clinical symptoms, the diagnosis of CSDH 
was confirmed using documented results of cranial CT or 
MRI. The important finding in these two techniques includ-
ed the age of the hematoma that can be estimated through 
T1 and T2-weighted images. In this case, hypo-, iso-, or hy-
per-density is noted due to the presence of blood, with CSDH 
typically appearing T1-hypointense compared to gray matter 
and showing variable T2 signal characteristics. The degree of 
midline shift reflects the mass effect and raised intracranial 
pressure associated with subdural hematomas. Brain hernia-
tion signs, such as subfalcine or uncal herniation, are also rel-
evant. Skull fractures are assessed, along with various hem-
orrhage types, including intraparenchymal and epidural. Other 
findings include contusions, calcifications, the origin and side 
of the hematoma, and the presence of residual blood prod-
ucts post-surgery. Changes in burr hole drainage are moni-
tored after surgery (16).

Surgical Procedure 

The surgical intervention followed standard protocol. Burr 
hole surgery with twist-drill drainage is indicated for symp-
tomatic patients with CSDH. Indications for burr hole drain-
age include: a) Clinical symptoms of subdural hematoma; b) 
Hematoma thickness over 10 mm and/or midline shift ex-
ceeding 5 mm; c) Midline shift from mass effect of hematoma 
causing consciousness disturbance, hemiplegia, paresthesia, 
seizures, and other neurological dysfunction; d) Progressive 
hematoma volume increase after conservative treatment. In 
bilateral subdural hematoma cases, the choice of unilateral or 
bilateral drainage depends on the thickness of the hematoma 
and associated clinical symptoms. If one side has a hemato-

█  INTRODUCTION

Subdural hematoma (SDH) refers to an intracranial hem-
orrhage when bleeding occurs between the dura mater 
and arachnoid mater of the meninges (10). This condi-

tion, often due to traumatic brain injury or non-traumatic in-
juries caused by anticoagulant medication and spontaneous 
bleeding factors, can increase intracranial pressure and cause 
brain damage. CSDH develops over weeks or months after a 
brain injury and usually has a better prognosis (10). 

Symptoms of a subdural hematoma are usually not specified. 
Patients complain of complicated manifestations such as 
headaches, visual and cognitive difficulties, lethargy, numb-
ness in limbs, and sometimes nausea, vomiting, or confusion 
(37). The thickness of the hematoma, the degree of mass ef-
fect (such as midline shift or compression of the brain struc-
ture) on the brain, and the presence of edema are considered 
in imaging results (29). In subdural hematoma, the density 
of extra-axial fluid collection between the inner layer of the 
skull and the brain surface varies from hyper to hypodense in 
acute, subacute, and CSDH (26).

Recent studies have demonstrated that not all CSDH cases 
are associated with trauma, especially in older patients, with 
a relatively higher proportion of non-trauma-related patients. 
However, not all CSDH are transformed by acute subdural he-
matoma (5,27). 

Considering global aging, it is necessary to explore the risk 
factors that increase the CSDH recurrence rate. Assessing 
the risk of postoperative recurrence of CSDH is clinically im-
portant (17,30,35,36). The recurrence rate of CSDH after burr 
hole drainage ranges from 4% to 38%, and the postoperative 
mortality rate of the cases ranges from 1.8% to 32% (8,40). 

Several studies explore CSDH recurrence risk factors after 
hematoma drainage, including gender, age, trauma history, 
anticoagulant or antiplatelet use, preoperative Glasgow coma 
scale (GCS) which evaluates consciousness levels from 3 to 
15, diabetes mellitus, hypertension, bilateral hematoma, he-
matoma volume, midline shift, and density (1,3,7,12,13,15, 
22,23,25,34,38,39). Age is one of these factors, so some 
studies have reported aging as a risk factor for CSDH recur-
rence, while other studies have reported that aging could be 
a protective factor against it. The scoring system will provide 
clinical grounding for the perioperative management strategy 
of CSDH, reduce the postoperative recurrence, mortality, and 
morbidity rate, and improve the postoperative quality of life 
for patients (7). 

Currently, no scoring system predicts CSDH recurrence; stud-
ies focus on risk factors without a cohesive model for unilater-
al and bilateral cases. This gap hinders clinicians from stratify-
ing patients by recurrence risk and optimizing care. This study 
aims to develop a grading model based on independent risk 
factors from a retrospective analysis of patients treated with 
single-burr hole drainage, providing a tool to improve man-
agement and reduce recurrence rates.
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GOS is a useful tool for evaluating the outcome of patients 
with brain injury; categorizing ranges from 1. full recovery, 2. 
partial recovery, 3. no change in condition, 4. death, and 5. 
progressive deterioration and aggravation. GOS helps physi-
cians predict the long-term outcomes of patients with brain 
injuries. A lower GOS score indicates poorer neurological 
function and a higher likelihood of recurrence due to factors 
such as increased intracranial pressure and larger subdu-
ral space, which predispose patients to hematoma reaccu-
mulation. The imaging data include preoperative hematoma 
thickness (PreHTh) and postoperative hematoma thickness 
(PostHTh) (thickness of the thickest plane of the axial image), 
midline shift (measured at the level of interventricular foramen 
on axial image), separated and delaminated hematoma, brain 
atrophy, hematoma density (including hypodense, isodense, 
hyperdense and mixed density), hematoma (unilateral or bilat-
eral) and the extent of brain re-expansion after drainage. The 
extent of brain re-expansion after drainage, based on the CT 
scan before the drainage tube was removed, was calculated 
as follows: (PreHTh-PostHTh)/ PreHTh × 100% (32).

The clinical and imaging data of all patients were independent-
ly evaluated by two neurosurgeons and one neuroimaging 
specialist, all of whom were blinded to the study outcomes. 
For patients with bilateral hematomas, hematoma density was 
determined based on the operative side. In cases of bilateral 
drainage, density was assessed according to the hematoma 
on the recurrent side. If recurrence occurred on both sides, 
the side with the thicker hematoma was considered the ref-
erence, as greater thickness and higher or mixed density are 
more likely to indicate bleeding tendency and risk of recur-
rence.

Statistical Analysis

Statistical analyses were conducted with Statistical Package 
for Social Sciences (SPSS, IBM SPSS Statistics Inc., Chica-
go, IL, Windows version 21.00). All continuous variables were 
assessed for normality with the Kolmogorov-Smirnov normal-
ity test. Variables with normal distribution are presented as 
means ± standard deviation (x ± s), and variables with skewed 
distribution are presented as median (Interquartile range, 
IQR). The nominal variables and also ranked variables were 
expressed in terms of count (%), and the univariate analysis 
was performed with Fisher’s Exact Chi-Square (χ2) test. Con-
tinuous variables were expressed as mean ± standard devi-
ation (x ± s), and their differences between patients with re-
currence SDH and non-recurrence were compared using the 
Student’s t-test. To estimate probable confounding factors on 
recurrence risk, multivariable logistic regression analysis con-
sidering the aforementioned test results was performed using 
variables with a p-value < 0.1. A nomogram scoring system for 
predicting the recurrence rate was constructed using the Or-
ange data mining toolbox (version 3.36.2) based on the ranked 
top important factors that were determined from the univari-
ate analyses. Following the nomogram construction, a scoring 
predictor parameter was developed. Since the results of the 
Kolmogorov-Smirnov normality test indicated skewed distri-
bution, the difference in predictor scores between patients 
with recurrence of SDH and lack of recurrence was compared 

ma thickness over 10 mm and causes symptoms, unilateral 
drainage is performed; if both sides cause symptoms, bilateral 
drainage is indicated (23).

Anesthesia was selected based on the patient’s condition and 
cooperation. The patient was positioned supine, and the thick-
est part of the hematoma was chosen for incision based on 
preoperative CT/MRI. A hole was drilled into the skull, and a 
cross-shaped incision exposed the dura mater. The hematoma 
envelope was cut open for slow release, followed by irrigation 
with warm saline until clear. A drainage tube was placed in the 
hematoma cavity and connected to a closed drainage device, 
with the catheter entering posteriorly to the anterior part and 
the tip placed in the frontal region to reduce hematoma recur-
rence (22,38,39). The drainage tube’s direction and length were 
considered to place the front end in the hematoma cavity, pro-
tecting the brain parenchyma from drainage damage. Closed 
drainage was performed slowly and continuously post-opera-
tion, with daily monitoring of drainage volume and fluid char-
acteristics. Postoperative management included atorvastatin to 
potentially reduce recurrence rates at a dosage of 20 mg daily. 
Patients already on statin treatment preoperatively continued in 
the postoperative statin group for consistency and to maintain 
potential therapeutic benefits during the perioperative period.

CT scans confirmed brain re-expansion, leading to drainage 
tube removal when daily volume fell below 30 ml. Monitoring 
pneumocephalus post-surgery is crucial for assessing out-
comes, though our study lacked precise measurement, an as-
pect future research should address (14,18,20,23). The brain 
re-expansion rate assesses treatment effectiveness and re-
currence risk in subdural hematoma. It calculates brain tissue 
volume changes before and after surgery. Factors affecting 
the re-expansion rate include cerebral atrophy, age, and injury 
duration. 

Recurrence Follow-Up

All patients were followed up for at least 6 months after dis-
charge. During follow-up, if the patient shows aggravation of 
the existing symptoms or new signs of neurological dysfunc-
tion, and the CT scan shows more hematoma on the surgical 
side and requires a second operation, then the patient is diag-
nosed with CSDH recurrence. In our study, hematoma recur-
rence was defined as the reaccumulation of subdural blood 
or fluid at the original hematoma site, requiring subsequent 
surgical intervention within six months post-initial surgery. 

Data Collection

General data included were gender, age, trauma history, past 
medical history (history of hypertension, hyperlipidemia, diabe-
tes), clinical symptoms (high intracranial pressure symptoms 
such as headache, nausea, and vomiting, focal neurological 
disorders such as a decline in the muscle strength or sense 
of numbness, advanced neurological disorders, bladder, and 
bowel dysfunction, mental disorders and seizures), history of 
anticoagulant or antiplatelet therapy, alcoholism, the interval 
between onset of symptoms to operation, GCS score at ad-
mission, postoperative use of atorvastatin tablets, injection of 
urokinase into the hematoma cavity, drainage time, Glasgow 
Outcome Scale (GOS) score at discharge. 
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during follow-up or incomplete data collection. Therefore, 
these cases were excluded from the research. Finally, 279 
patients (males: 233 [83.5%]; females: 46 [16.5%]) who met 
the inclusion criteria and all of them who received burr hole 
external drainage surgery were screened out for the study. 
The average age of all patients was 68.7±16.1 years (age 
range: 18-96). A total of 32 patients had CSDH recurrence 
after drainage, with a recurrence rate of 11.5%. There were 
25 males and seven females among the recurrent patients. 
There were 171 cases (61.3%) of unilateral hematoma and 
108 cases (38.7%) of bilateral hematoma, including 14 cases 
of unilateral hematoma recurrence and 18 cases of bilateral 
hematoma recurrence.

Univariable Analysis

The clinical and imaging data of all patients were analyzed 
by univariate analysis. The results of the univariate analysis 
of all data are shown in Table I. The patients with history of 
trauma and diabetes had a higher recurrence rate (p=0.01 and 

using the Student’s t-test. Finally, a receiver operating char-
acteristic (ROC) curve was created from the predictor score 
obtained from the nomogram. The area under the curve (AUC) 
and 95% confidence interval (CI) of the predictor scores were 
calculated. The data from the Second Affiliated Hospital of 
Anhui Medical University was used as external validation and 
not included in any analysis of nomogram development; the 
nomogram was finally tested on that dataset to compare the 
results. For all statistical analyses, the p-values less than 0.05 
were considered significant.

█  RESULTS
General Characteristics

A total of 397 patients with CSDH were admitted to the Sev-
enth Medical Center of the PLA General Hospital between 
2010 and 2020. Ninety-six patients received medication, but 
no burr hole drainage was performed. Six patients died af-
ter surgery during hospitalization, and 16 patients were lost 

Table I: Univariate Analysis of CSDH Recurrence After Drainage

Factors
Number of patients (%)

p-valueRecurrence No recurrence
32 (11.5) 247 (88.5)

Gender 
Male 25 (10.7) 208 (89.3)

0.655
Female 7 (15.2) 39 (84.8)

Age, mean±SD (years) 69.97±15.15 68.37±16.62 0.747

History of trauma 
Yes 27 (13.6) 171 (86.4)

0.010
No 5 (6.2) 76 (93.8)

Hypertension 
Yes 17 (12.8) 116 (87.2)

0.745
No 15 (10.3) 131 (89.7)

Diabetes mellitus
Yes 10 (18.5) 44 (81.5)

0.039
No 22 (9.8) 203 (90.2)

Hyperlipemia 
Yes 3 (13.6) 19 (86.4)

1.00
No 29 (11.3) 228 (88.7)

Alcoholism 
Yes 8 (14.5) 47 (85.5)

0.220
No 24 (10.7) 200 (89.3)

Antiplatelet or anticoagulant therapy 
Yes 9 (12.9) 61 (87.1) 

0848
No 23 (11) 186 (89)

Headache and vomiting 
Yes 29 (12.1) 211 (87.9) 

0.479
No 3 (7.7) 36 (92.3) 

Advanced neurological disorder 
Yes 10 (12.2) 72 (87.8) 

0.637
No 22 (11.2) 175 (88.8) 

Focal neurological disorders 
Yes 23 (11.9) 171 (88.1)

1.00
No 9 (10.6) 76 (89.4)

Epileptic seizure 
Yes 2 (18.2) 9 (81.8)

0.427
No 30 (11.2) 238 (88.8)
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Factors
Number of patients (%)

p-valueRecurrence No recurrence
32 (11.5) 247 (88.5)

Bladder and bowel dysfunction
Yes 1 (6.7) 14 (93.3)

0.709
No 31 (11.7) 233 (88.3)

Mental disorders 
Yes 2 (22.2) 7 (77.8)

0.303
No 30 (11.1) 270 (88.9)

GCS score
3-8 3 (30) 7 (70)

0.1499-12 2 (5.9) 32 (94.1)
13-15  27 (11.5) 208 (88.5)

The interval between injury and onset of 
symptoms (month)

< 1 15 (12.2) 108 (87.8)
0.4631- 3 14 (12.7) 96 (87.3)

> 3 3 (6.5) 43 (93.5)

Injection of urokinase into the hematoma cavity 
Yes 2 (25) 6 (75) 

0.119
No 30 (11.1) 241 (88.9) 

Drainage time (days) 3.78±2.15 3.22±1.92 0.256

Postoperative use of atorvastatin 
Yes 2 (2.4) 80 (97.6) 

< 0.001
No 30 (15.2) 167 (84.8) 

GOS score at discharge

5 5 (3.8) 125 (96.2)

<0.001
4 19 (14.4) 113 (85.6) 
3 4 (57.1) 3 (42.9) 

1-2 4 (40) 6 (60) 
Hematoma thickness,mean±SD (cm) 2.31±0.67 2.16±0.73 0.212

Midline shift, mean±SD (cm) 

0 3 (7.1) 39 (92.9)

0.058
<0.5 11 (11.5) 85 (88.5)
0.5-1 13 (13.5) 83 (86.5)
1-2 4 (9.1) 40 (90.9)
>2 1 (100) 0 (0.0)

Hematoma separated and delaminated 
Yes 7 (30.4) 16 (69.6) 

0.029
No 25 (9.8) 231 (90.2) 

Brain atrophy
Yes 17 (14.3) 102 (85.7) 

0.142
No 15 (9.4) 145 (90.6) 

Hematoma density

Hypodense 0 (0.0) 26 (100)

0.049
Isodense 10 (6.9) 135 (93.1)

Hyperdense 1 (10) 9 (90)
Mixed density 21 (21.4) 77 (78.6)

Extent of brain re-expansion after drainage

>75% 4 (3.1) 123 (96.9)

<0.001
50%-75% 20 (14.9) 114 (85.1)
25%-50% 6 (50) 6 (50)

<25% 2 (33.3) 4 (66.7)

Side of hematoma
Unilateral 14 (8.2) 157 (91.8) 

0.003
Bilateral 18 (16.7) 90 (83.3) 

Note: Significant P-values are represented in bold type. GCS: Glasgow Coma Scale, GOS: Glasgow Outcome Scale. 

Table I: Cont.
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Table II: Multivariate Regression Analysis of CSDH Recurrence After Drainage

Factors Adjusted OR 95%CI p-value

Trauma history 5.383 1.024-28.280 0.047

Diabetes mellitus 0.843 0.245-2.907 0.787

Postoperative use of atorvastatin 0.139 0.027-0.710 0.018

GOS score at discharge 0.854 0.045-1.389 0.013

Hematoma side 0.089 0.022-0.362 0.001

Midline shift 7.253 1.546-24.015 0.123

Hematoma density 0.869 0.281-2.692 0.683

Hematoma separated and delaminated 6.557 1.328-32.377 0.021

Extent of brain re-expansion after drainage 0.78 0.049-12.519 0.01
Significant p values are in bold type. GOS: Glasgow Outcome Scale, CI: Confidence interval, OR: Odds Ratio.

Variables and 
prognostic scores Score

Estimated 
recurrence 

risk (%)
GOS

Fully recovered -0.82 0
Partial recovered 0.3 14
Death - -
Unchanged condition 1.79 55
Progression and aggravation 2.89 77

Brain re-expansion after drainage
> 75 % - 1.42 0
50 – 75 % 0.09 14
25 – 50 % 1.28 55
< 25 % 1.65 55

Post-surgery medication
Yes -1.28 0
No 0.31 14

Side of hematoma
Left -0.74 0
Right -0.21 0
Bilateral 0.5 14

Whether to separate
Yes 1.03 31
No -0.11 0

History of trauma
Yes 0.24 14
No -0.83 0

Table III: Point Assignment and Prognostic Score for Recurrence of Subdural Hematoma

Variables and 
prognostic scores Score

Estimated 
recurrence 

risk (%)
Density of hematoma

Hyperdense 0.18 14
Isodense -0.47 0
Mixed density 0.43 31
Hypodense 0.46 31

Diabetes mellitus
Yes 0.62 31
No -0.18 0

Midline shift
<0.5 -0.43 0
0.5-1.5 0.06 14
1.5-2.5 0.32 14
>2.5 -0.18 0

Total predictor score*
-1.5-0 0
0.01-0.99 14
1-1.99 31
2-2.99 55
3-3.99 77
4-4.99 90
> 5 100

*For score-recurrence estimation please refer to nomogram (Figure 1)
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structed to predict the probability of the recurrence of SDH 
(Figure 1). 

In this model, a statistical scoring parameter was adjusted to 
each variable that had already shown a significant effect on 
the recurrence of SDH. The scoring predictor model is pre-
sented in Table I. Using this scoring system, a total of 279 
patients were scored. The resulting grading scores and the 
corresponding number of recurrent patients, along with the 
recurrence rate, are calculated (Table III). 

The results showed that the probability of recurrence rate of 
SDH increases in line with the predictor score. In addition, 
a significant difference was observed where predictor scores 
were compared between patients with recurrence of SDH 
and non-recurrence individuals, with a p<0.001 (Figure 2). 
The results showed that the score was -0.5±0.66 in the re-
current group and -0.91±0.63 in the non-recurrent group with 
p<0.001 (Table IV).

ROC Curve Analysis

The predictor score for recurrence of SDH obtained from the 
nomogram was applied in the ROC curve for analysis. Ac-
cording to the results of ROC, the area under the curve (AUC), 
confidence interval (CI), cutoff value, sensitivity, and specific-
ity were calculated (Figure 3). The data from Second Affiliated 
Hospital of Anhui Medical University, which consisted of 64 

p=0.039, respectively), The GOS score at discharge was sig-
nificantly lower in the recurrence group than in the no recur-
rence group (p<0.001), midline shift was significantly higher 
in the recurrence group (p=0.058), hematoma separated and 
delaminated (p=0.029), low extent of brain re-expansion af-
ter drainage (p<0.001), bilateral hematoma (p=0.003) and 
no postoperative use of Atorvastatin (p=0.001) resulted in a 
higher recurrence rate. At last, patients with hyperdense and 
mixed-density hematoma had a higher recurrence rate than 
those with iso and hypodense hematoma (p=0.049). 

Multivariate Regression Analysis

Logistic multivariate regression analysis was performed to 
analyze the nine recurrence risk factors, which were signifi-
cantly different in the univariable analysis (Table II). The re-
sults showed that the history of trauma (p=0.047), no use of 
atorvastatin postoperatively (p=0.018), low GOS at discharge 
(p=0.013), bilateral hematoma (p=0.001), hematoma separat-
ed and delaminated (p=0.021), and low extent of brain re-ex-
pansion after drainage (p=0.01) are independent risk factors in 
predicting the CSDH recurrence after drainage.

Establishing a Risk Scoring System for CSDH Recurrence 
After Drainage

According to the outcomes of Fisher’s Exact Chi-Square (χ2) 
test, a nomogram for scoring a predictor model was con-

Figure 1: Nomogram for scoring the predictor mode.
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rates post-surgery. This highlighted the critical nature of pre-
operative assessment. The study found that the absence 
of atorvastatin administration post-surgery significantly in-
creased the risk of CSDH recurrence. This emphasized the 
need for comprehensive medical management, including the 
use of atorvastatin, to reduce postoperative recurrence risk.

The postoperative CT scan revealed successful drainage of 
the subdural hematoma. There was evident brain re-expan-
sion, though some residual pneumocephalus was present. 
Effective brain re-expansion post-surgery was essential for 
reducing recurrence risk. The study underscored that resid-
ual pneumocephalus can impair brain re-expansion, increas-
ing the likelihood of recurrence. Postoperatively, residual air 
within the cranial cavity was carefully monitored and managed 
to ensure optimal recovery and minimize recurrence risk. The 
follow-up CT scan demonstrated a significant reduction in 
hematoma size and improved midline shift. The brain re-ex-
pansion was satisfactory, with minimal residual subdural fluid. 
Follow-up imaging was crucial to assess the extent of brain 
re-expansion and the presence of any residual hematoma. 
This follow-up image showed a favorable outcome, suggest-
ing a lower risk of recurrence due to adequate brain re-ex-
pansion and minimal residual fluid (Figure 4). Each image rep-
resents a different patient, selected to illustrate characteristic 
imaging features associated with recurrence risk. None of the 
patients depicted required repeat surgery, suggesting that 
meticulous follow-up can guide postoperative management 
without necessarily needing reoperation.

patients, was used in this stage to assess the performance of 
the nomogram model. The resulting AUC was 0.618 (95% CI: 
0.476 - 0.760). In the external validation set, sensitivity and 
specificity at the cutoff value were 0.696 and 0.561, respec-
tively.

Image Analysis

The study identified that patients with preoperative midline 
shifts and hyperdense hematomas had higher recurrence 

Table IV: Comparisons of the Scores of Patients in Recurrent and Non-Recurrent Groups Using T-Test

Variable Number Average score Standard deviation p-value

Recurrent 32 -0.5 0.66
<0.001

Non-recurrent 247 - 0.91 0.63

Figure 2: Boxplot of predictor 
scores by recurrence of SDH.

Figure 3: ROC curve analysis for the predictor score that was 
obtained from the nomogram.
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physiology of CSDH recurrence is multifactorial and may 
involve persistent inflammation, angiogenesis, repeated mi-
crobleeding, and impaired brain re-expansion (9). The scoring 
system effectively correlates with recurrence rates, demon-
strating a clear increase in recurrence probability when the 
score rises. 

The majority of the previous studies on CSDH recurrence af-
ter drainage were focused on the general characteristics and 
clinical symptoms of patients; some studies analyzed the im-
aging features, and a few studies focused on both by com-
bining clinical and imaging traits. According to these studies, 
a confusing mixture of heterogenous risk factors, including 
old age, diabetes, anticoagulant or antiplatelet medication, 
aphasia, headache, neurological symptoms, the thickness of 
hematoma, the density of hematoma, hematoma stratification 
and separation, no postoperative drainage, a higher degree of 
midline shift, brain atrophy, and bilateral hematoma were all 
introduced as risk factors for recurrence of SDH. Age is one 
factor since some studies have reported that aging is a risk 
factor for SDH recurrence, whereas other studies have refuted 
its prognostic feature (4,13,24). We found only one published 
article that proposed some scoring systems based on imaging 
findings and not on the clinical data (6). It should be empha-
sized that these reported risk factors were not all statistically 

█  DISCUSSION
The present study evaluated independent risk factors for post-
operative CSDH recurrence after single burr hole drainage and 
proposed a comprehensive predictor scoring system for post-
operative recurrence risk. This proposed scoring system was 
constructed by applying a mixture panel of some general in-
dependent risk factors that were proposed previously. Based 
on our scoring system, patients with a recurrence of SDH had 
a higher score in comparison with those who were complete-
ly cured (i.e., no recurrence of SDH). Our proposed scoring 
system consists of GOS, brain re-expansion after drainage, 
post-operation medication, side of hematoma, history of trau-
ma, density of hematoma, history of diabetes, and score of 
midline shift (stratified based on predictor importance). The 
findings of our study can provide a probable advancement 
in the prediction and management of the recurrence of SDH 
following single burr hole drainage (24). Although the histo-
ry of diabetes, midline shift, and hematoma density were not 
independent predictors in multivariate analysis, they were 
significant in univariate tests and were therefore included in 
the nomogram to preserve clinically meaningful factors and 
improve predictive performance.

As stated before, the recurrence of SDH is one important chal-
lenge in patients who have undergone surgery. The patho-

Figure 4: Follow-up CT scan image of 
patients. A) This preoperative CT scan 
image demonstrates chronic subdural 
hematoma (CSDH) with significant 
midline shift and mass effect. The 
hematoma appears hyperdense, 
indicating the presence of fresh blood 
within the subdural space. B) This 
image shows the subdural hematoma 
prior to the administration of 
atorvastatin and surgical drainage. The 
hematoma is still present with evident 
separation and layering within the 
subdural space. C) The postoperative 
CT scan indicates successful drainage 
of the subdural hematoma. The brain 
re-expansion is evident, though 
there may still be some residual 
pneumocephalus present.
D) The follow-up CT scan 
demonstrates a significant reduction 
in the size of the hematoma and 
improved midline shift. The brain re-
expansion appears satisfactory with 
minimal residual subdural fluid.

A
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Upon pre- and post-surgery analyses of CT or MRI images 
of all SDH patients, we observed a proportional relationship 
between the thickness of the hematoma cavity and the he-
matoma’s long axis distance and the number of layers. This 
indicates that changes in hematoma layer thickness corre-
spond to alterations in hematoma volume. Thus, hematoma 
thickness is a parameter used to calculate brain re-expansion.

The situation on the side of a hematoma is relatively com-
plicated, especially for a bilateral subdural hematoma. In our 
study, the sides of the hematoma are considered to contribute 
to the scoring system for predicting hematoma recurrence. 
Therefore, bilateral drainage is not indicated for all patients; 
in addition, the side of surgery mainly depends on the max-
imum thickness of the hematoma, the midline shift, and the 
main symptoms of the hematoma. In our study, the recurrence 
rate of unilateral CSDH was lower than that of bilateral CSDH. 
This may be due to the poor brain re-expansion of bilateral 
CSDH compared with unilateral CSDH, which can lead to a 
brain shift and subsequent complications of hematoma after 
surgery and, therefore, a higher recurrence probability. One 
proposed theory is that patients with bilateral CSDH are prone 
to brain atrophy, which leads to poor re-expansion and a high-
er recurrence rate (19). 

This study had some limitations. First, the study design is ret-
rospective, which inherently carries limitations such as selec-
tion bias, incomplete data, and reliance on medical records 
that may not have captured all relevant variables. In addi-
tion, in the collection of imaging materials, the classification 
standard of hematoma density is not fine enough. Despite 
attempts to identify independent risk factors, there may be 
unaccounted confounding variables that influence CSDH re-
currence, such as comorbidities, medication use, or surgical 
technique variations. Also, there is still a lack of quantitative 
indicators to determine the standard of brain atrophy in pa-
tients. The analysis is based on data from a single institution, 
which may limit the generalizability of the findings to other 
populations or healthcare settings. In the future, prospective 
clinical trials need to be designed in multicenter cases to ver-
ify the sensitivity and effectiveness of the risk-scoring system 
for CSDH recurrence after burr holes and drainage (33). More-
over, we did not perform active monitoring and measurement 
of post-operative pneumocephalus, which are important fac-
tors in predicting surgery outcome, brain re-expansion, and 
CSDH recurrence. This should be addressed in future studies. 
In addition to postoperative pneumocephalus the presence 
of which leads to residual intracranial air that can physically 
impede brain re-expansion, and quantitative measures from 
the literature have shown a direct relationship between air vol-
ume and recurrence risk and pre-existing cerebral atrophy, 
our study lacked the quantification of cerebral atrophy, which 
creates a pre-existing subdural space that can lead to poor 
brain re-expansion and subsequent re-accumulation of fluid.

Our study primarily focused on identifying independent risk 
factors for the recurrence of CSDH and developing a predic-
tive scoring system. The data analyzed included a broad age 
range from 18 to 96 years, allowing for a comprehensive anal-
ysis across different age groups. 

significant in our multivariate analysis, and their inclusion here 
reflects previously published evidence rather than findings 
from the current study.

In this study, GOS at discharge was an independent risk fac-
tor for hematoma recurrence, which was consistent with the 
findings of some previous studies (13). GOS, as the most im-
portant index for patients’ prognosis, shows the importance 
of monitoring the status of patients after surgery. A lower GOS 
score corresponds to poorer consciousness and neurological 
status and increases the likelihood of CSDH recurrence (6). 
GOS potentially reflects patients’ consciousness and general 
improvement, which can better predict prognosis and recur-
rence than individual clinical symptoms. While GCS and GOS 
are widely recognized and utilized tools in the assessment of 
neurological status and outcomes in various conditions, we 
acknowledge that the modified Rankin Scale (mRS) and the 
Markwalder Grading Scale (MGS) are also established metrics 
specifically used in the context of CSDH (2,28).

Hematoma density and midline shift were also listed as risk 
factors for hematoma recurrence in previous studies (11). In 
this study, while significant differences were observed in uni-
variate analysis, a small predictive importance was found in 
multivariate logistic regression analysis, and also in the no-
mogram result. Regarding hematoma density, the findings 
align with previous studies, indicating that hypodense and 
mixed-density hematomas are more prone to recurrence com-
pared to hyperdense and isodense hematomas. Hypo- and 
mixed-density hematomas are unstable and often accompany 
hematoma separation, leading to incomplete liquefaction and 
difficulty in fully removing the hematoma and inflammatory 
factors through irrigation and drainage alone, potentially re-
sulting in hematoma recurrence (31). 

The complexity of the midline shift in CSDH presents differ-
ing conclusions across studies. Some studies suggest that 
postoperative midline shift may damage adhesion between 
the inner and outer membranes of the hematoma cavity, con-
tributing to recurrence (13,15). We propose that preoperative 
midline shift also influences recurrence due to adhesion be-
tween newly formed membranes and impaired brain elasticity. 
Separated hematomas have been proposed as an additional 
risk factor. One probable justification is inadequate drainage, 
leaving residual blood and inflammatory factors that potential-
ly result in recurrence (15). 

Our study identified brain re-expansion as a key factor influ-
encing the recurrence of SDH after drainage. Reduced brain 
re-expansion post-surgery correlates with a higher recurrence 
probability, likely due to prolonged hematoma compression 
that impairs brain recovery, especially in elderly patients with 
poor tissue elasticity. Even with effective drainage, residu-
al compression may enlarge the subdural space, increasing 
recurrence risk. Postoperative pneumocephalus can hinder 
brain re-expansion and contribute to recurrence (21). Further-
more, postoperative pneumocephalus was present in some 
of our patients, but it was not measured or entered into the 
analysis. This should be considered for further studies.
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█  CONCLUSION
Our study identified key independent risk factors for SDH re-
currence after single-burr hole drainage, including trauma his-
tory, lack of atorvastatin, low GOS score at discharge, bilateral 
hematoma, hematoma separation, and poor brain re-expan-
sion. Other factors, like residual hematoma and pneumoceph-
alus, also contribute to recurrence. Residual hematoma can 
act as a nidus for further bleeding, while pneumocephalus can 
impair brain re-expansion, leading to fluid persistence. Future 
studies should include these factors for a more comprehen-
sive risk assessment. Our scoring system provides clinicians 
with a practical tool to predict recurrence and guide postop-
erative management of CSDH patients. While factors such 
as age, male gender, alcohol use, and anticoagulant therapy 
were not incorporated, future larger studies can further vali-
date the system and refine its predictive accuracy.
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