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Analysis of Preoperative Imaging Factors and Development of 
a Nomogram Model for Predicting Recurrence in Patients with 
Septated Chronic Subdural Hematoma

ABSTRACT

AIM: To develop a nomogram model that provides a clinical prediction method for preventing septated chronic subdural hematoma 
(sCSDH) recurrence after surgery and serves as a reference for selecting surgical approaches.    
MATERIAL and METHODS: This study involved 237 patients diagnosed with sCSDH. Based on the recurrence status of the 
affected side during follow-up, patients were divided into a recurrence group (43 cases) and a non-recurrence group (194 cases). 
The imaging-related factors influencing the recurrence of sCSDH after surgery were initially screened using univariate analysis, 
followed by multivariate logistic regression analysis to identify independent risk factors. A nomogram model was developed using 
R software, and internal validation was conducted using the bootstrap method.
RESULTS: The univariate analysis revealed that cerebral atrophy, bilateral hematomas, preoperative midline shift distance, sCSDH 
typing, and neovascularization were the significant factors in the postoperative recurrence of sCSDH. However, the multivariate 
logistic regression analysis identified encephalatrophy, bilateral hematomas, and neovascularization as independent risk factors for 
sCSDH recurrence. Furthermore, the nomogram model analysis demonstrated good discrimination with an AUC of 0.764 (95% CI: 
0.6958-0.8322), while the P-value of the Hosmer-Lemeshow test was 0.4382, indicating good consistency. 
CONCLUSION: Encephalatrophy, bilateral hematomas, and neovascularization are independent imaging risk factors associated 
with sCSDH recurrence. The developed nomogram model will enable clinicians to assess and identify patients at a higher risk of 
sCSDH recurrence, enabling them to formulate appropriate diagnostic and treatment strategies.
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Septated chronic subdural hematoma (sCSDH) is a distinct 
subtype characterized by the presence of multiple fiber sep-
tum compartments within the hematoma. Due to the extensive 
fibrous space within the hematoma cavity, surgical interven-
tion is challenging, and postoperative recurrence rates are 
higher compared to general CSDH cases (13,15). While MRI 
examination has been routinely employed for diagnosing and 
preoperatively evaluating sCSDH, few studies have investi-
gated the impact of preoperative imaging characteristics on 

█   INTRODUCTION

Chronic subdural hematoma (CSDH) is a prevalent neu-
rosurgical condition commonly observed in elderly in-
dividuals with a history of craniocerebral trauma, often 

presenting with evident neurological dysfunction. The current 
annual incidence rate of CSDH ranges from 1.7 to 20.6 per 
100,000 individuals (1). Although surgery is the primary treat-
ment for CSDH, the condition is associated with a high post-
operative recurrence rate, which can reach up to 33% (3,6,7). 
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its postoperative recurrence risk. In this retrospective study, 
imaging data from 237 surgically treated patients diagnosed 
with sCSDH between January 2016 and January 2023 were 
analyzed. The aim was to explore preoperative imaging-relat-
ed risk factors associated with postoperative recurrence and 
provide predictive methods for clinical prevention of sCSDH 
recurrence while offering reference guidelines for selecting ap-
propriate surgical approaches.

█   MATERIAL and METHODS
This study has been approved by the Ethics Committee of the 
Second Affiliated Hospital of Chengdu Medical College, the 
number is YJ-2024-011.

General Information

This study considered preoperative imaging data from 277 
patients with sCSDH who were admitted to the Second Af-
filiated Hospital of Chengdu Medical College from January 
2016 to January 2023. Based on inclusion and exclusion cri-
teria, 237 patients were included in the study and categorized 
into non-recurrent and recurrent groups based on whether 
recurrence occurred within three months after surgery. The 
non-recurrence group consisted of 194 patients who did not 
experience recurrence within the first three months of post-
operative follow-up, including 61 females and 133 males. The 
recurrence group comprised 43 patients who experienced re-
currence within three months after surgery and required reop-
eration, including 14 females and 29 males. All enrolled cases 
were diagnosed with sCSDH, underwent surgical intervention, 
and were given a preoperative head MRI. Various factors such 
as age, gender, encephalatrophy score, neovascularization 
status, bilateral hematomas presence, preoperative hemato-
ma volume/thickness/midline shift measurements, and signal 
manifestation characteristics on T1WI/T2WI images for hema-
tomas were recorded along with septation type information. 
The degree of encephalatrophy was assessed using preop-
erative head MRI based on the Koedam score, which cate-
gorizes the condition into four levels (10): Grade 0 indicates 
closed sulcus with no gyrus atrophy; Grade 1 denotesd mild 
sulcus widening and gyrus atrophy; Grade 2 represents sig-
nificant sulcus enlargement and gyrus atrophy; and Grade 3 
indicates pronounced sulcus enlargement accompanied by 
blade-like gyrus atrophy. The MRI findings were further classi-
fied as single septal, multiseptal, or honeycomb types based 
on compartment division. Previous studies have suggest-
ed a three-month timeframe as the most common duration 
for CSDH recurrence evaluation (2). In this study, recurrence 
was defined as radiographic evidence of relapse within three 
months after initial surgery along with corresponding neuro-
logical dysfunction (2,17,24).

Inclusion and Exclusion Criteria

The inclusion criteria were as follows:

1) Condition confirmed by head MRI; 2) Symptoms of in-
creased intracranial pressure and impaired neurological func-
tion; 3) Complete medical record information with long-term 

follow-up in our department; 4) Follow-up time of more than 
three months.

The exclusion criteria were as follows:

1) Other intracranial hemorrhagic diseases, such as cerebral 
parenchymal hemorrhage, subarachnoid hemorrhage, epi-
dural hematoma, etc.; 2) Long-term use of anticoagulants; 
3) Loss to follow-up due to various reasons; 4) Concomitant 
presence of critical underlying diseases.

Surgical Method

Traditional Drilling and Drainage

Patients under general anesthesia assume a supine position 
with shoulders and head appropriately padded and the head 
to the healthy side, according to the patient’s preoperative CT 
or MRI positioning. A full-thickness transverse incision of ap-
proximately 5.0 cm long is made in the scalp at the thickest 
point of the hematoma. Subcutaneous tissue and periosteum 
are separated, using a skull electric drill to make a bone hole, 
and an incision is made in the dura mater. A dark red subdural 
hematoma outflow occurs, and a drainage tube, approximate-
ly 4.0 cm long, is inserted for slow irrigation with normal saline 
until clear rinse liquid flows from the hematoma cavity. The 
drainage tube is kept in place for two to three days, and a 
postoperative drainage bag is fitted to maintain low drainage.

Small Bone Window Hematoma Removal Under 
Neuroendoscopy

The anesthesia method, surgical position, skin incision, and 
drilling position are consistent with the drilling drainage proce-
dure. Following drilling, a 3 cm × 3 cm bone window is milled 
using a milling cutter. The dura mater and outer membrane 
of the hematoma are opened. Subsequently, the hematoma 
fluid is slowly released while employing rigid 0° endoscopy to 
remove any residual hematoma. The diaphragm and fibrous 
bands and separated, and complete hemostasis in the oper-
ative area is ensured. The hematoma cavity is rinsed multiple 
times with normal saline until a clear rinse solution is obtained. 
A drainage tube is inserted, and routine closure of the scalp 
is performed. The drainage tube remains in place for two to 
three days while maintaining low positioning of the postoper-
ative drainage bag.

Statistical Methods

Data processing was performed using SPSS 26.0 statistical 
software. Measurement data meeting normal distribution were 
presented as mean ± standard deviation (±s). An independent 
sample t-test was employed for intergroup comparisons. 
Count data were expressed as frequency/rate (%) and ana-
lyzed using the chi-square test (x2 test). Multivariate logistic 
regression analysis was conducted for multivariate analysis. 
Based on the results of the multivariate analysis, a nomogram 
model was established using R software (R 4.3.1). Internal 
verification was performed using the bootstrap method, while 
discrimination and calibration of the model were evaluated 
through calibration curve and ROC curve analyses. Statistical 
significance was set at p<0.05.
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█   RESULTS
Univariate Analysis Result

Encephalatrophy, bilateral hematomas, preoperative midline 
shift ≥15mm, Neovascularization, and sCSDH classification 
were identified as significant factors influencing postoperative 
recurrence in patients with sCSDH (Table I).

Multivariate Analysis

Encephalatrophy, bilateral hematomas, and neovasculariza-
tion were identified as independent risk factors for postop-
erative recurrence in patients with sCSDH (p<0.05) (Table II).

Construction and Validation of the Nomogram Model

Multivariate logistic regression analysis identified three inde-
pendent risk factors, which were incorporated into R software 
to develop the nomogram prediction model (Figure 1). The 
AUC/C-index of the nomogram prediction model was 0.764 
(95% confidence interval: 0.6958-0.8322), indicating good 
discrimination (Figure 2). Internal verification of the nomogram 
model was performed using the bootstrap resampling meth-
od (B=1000), the calibration curve was drawn, and the Hos-
mer-Lemeshow test was performed. The results showed that 
the Hosmer-Lemeshow test p-value was 0.4382 (>0.05), sug-
gesting good consistency between the predicted probability 
and actual probability (Figure 3).

█   DISCUSSION
sCSDH, as a distinct subtype of chronic subdural hematoma, 
is characterized by localized inflammatory responses trig-
gered post-hemorrhage, gradually producing an envelope. 
The hyperplasia, fibrosis, and organization of granulation 
tissues within these envelopes contribute to the separation. 
CT findings in sCSDH patients often reveal mixed high- and 
low-density shadows with a crescent-shaped hematoma ex-
hibiting uneven wall thickness and irregular intima (1,22). In 
comparison to CT, MRI can further elucidate factors such as 
the separation of the hematoma, thickening of the capsule, 

Table I: Comparison of General Characteristics Between Non-
recurrence Group and Recurrence Group

Variable

No-
recurrence 

group 
(n=194)

Recurrent 
group (n=43) p-value

Age 65.8 ± 8.7 68.3 ± 8.7 0.092

n (%) n (%)

Gender
Female
Male

61 (31.4)
133 (68.6)

14 (32.6)
29 (67.4) 1

Encephalatrophy
<level 2
≥level 2

125 (64.4)
69 (35.6)

12 (27.9)
31 (72.1) <0.001

Neovascularization
No
Yes

99 (51)
95 (49)

32 (74.4)
11 (25.6) 0.009

Bilateral hematomas
No
Yes

47 (24.2)
147 (75.8)

20 (46.5)
23 (53.5) 0.006

Hematoma volume
<120ml
≥120ml

83 (42.8)
111 (57.2)

18 (41.9)
25 (58.1) 1

Hematoma width
<20mm
≥20mm

80 (41.2)
114 (58.8)

15 (34.9)
28 (65.1) 0.55

Midline shift
<10mm
10-20mm
≥20mm

48 (24.7)
75 (38.7)
71 (36.6)

6 (14)
12 (27.9)
25 (58.1)

0.031

Type of sCSDH
Single septated
Multi septated
Honeycomb

75 (38.7)
63 (32.5)
56 (28.9)

7 (16.3)
21 (48.8)
15 (34.9)

0.017

T 1WI
Low
Isointensity
High

99 (51)
59 (30.4)
36 (18.6)

20 (46.5)
14 (32.6)

9 (20.9)
0.861

T 2WI
Low
Isointensity
High

79 (40.7)
43 (22.2)
72 (37.1)

17 (39.5)
8 (18.6)

18 (41.9)
0.807

Table II:  The results of Multivariate Logistic Regression Analysis 
for Preoperative Imaging Features in Predicting Postoperative 
Recurrence Among Patients with sCSDH

OR 95% CI p-value

Encephalatrophy
<level 2a

≥level 2 4.033 1.866-8.714 <0.001

Neovascularization
Noa

Yes 2.7 1.206-6.041 0.016

Bilateral hematomas
Noa

Yes 0.341 0.158-0.736 0.006

Midline shift
<10mma

10-20mm
≥20mm

1.328
2.748

0.428-4.125
0.956-7.898

0.623
0.06

Type of sCSDH
Single septateda

Multi septated
Honeycomb 

2.403
2.466

0.89-6.485
0.871-6.98

0.083
0.089

‘a’ is used as a control in the categorical variables.
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subsequent recurrence (11). Our multivariable regression anal-
ysis revealed that patients with a preoperative midline shift of 
15 mm had a higher tendency for relapse after surgery; how-
ever, this difference was not statistically significant (p>0.05). 
We posit that this finding can be attributed to the inclusion of 
bilateral sCSDH cases in this study, wherein both brain hemi-
spheres were simultaneously compressed, impeding accurate 
measurement of midline offset distance. Jack et al. consider 
septal hematoma as an important risk factor for recurrence af-
ter CSDH (9), while Stanišic and Pripp find no obvious relation-
ship between septal hematoma and postoperative recurrence 
(18). The present study suggests that the multi-segment type 
of sCSDH is associated with a higher recurrence rate, which 
we attribute to factors such as the extensive separation of he-
matoma, surgical challenges in achieving complete removal, 
mixed density of hematoma, and potential residual hematoma 
post-surgery (9,17). However, our multivariate analysis did not 
reveal any statistically significant difference between the two 

calcification, and neovascularization. Due to the occurrence 
of these characteristics, surgical complexity and postopera-
tive recurrence rates are higher in sCSDH patients compared 
to those with general types of CSDH. Recurrent hematomas 
exert repetitive pressure on brain tissue, leading to irreversible 
damage in atrophic brain regions while significantly impacting 
patient prognosis and quality of life. Therefore, exploring pre-
operative imaging characteristics as risk factors for postoper-
ative recurrence in sCSDH is essential to providing predictive 
methods for clinical prevention and guiding surgical approach 
selection.

In the univariate analysis, significant differences were ob-
served between the two groups in terms of encephalatrophy, 
bilateral hematomas, preoperative midline shift ≥15mm, neo-
vascularization, and sCSDH classification (p<0.05). A preop-
erative midline shift greater than 10 mm has been recognized 
as a risk factor for poor postoperative brain expansion, which 
increases the likelihood of hematoma reaccumulation and 

Figure 1: Nomogram model 
for predicting postoperative 
recurrence of sCSDH.

Figure 2: ROC curve of nomogram model for predicting 
postoperative recurrence of sCSDH.

Figure 3: Calibration curve of nomogram model for predicting 
postoperative recurrence of sCSDH.
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established nomogram prediction model holds significant 
clinical value.

The limitations of this study are; it is a single-center retro-
spective study with the purpose of predicting postoperative 
recurrence at the time of preliminary preoperative diagnosis. 
This model needs to be validated in multi-centers with more 
patients. We will conduct further studies.

█   CONCLUSION
Encephalatrophy, bilateral hematomas, and neovasculariza-
tion are independent imaging risk factors associated with 
sCSDH recurrence. We recommend the endoscopic evacu-
ation of the hematoma as an effective method for managing 
neovascularization.The developed nomogram model will en-
able clinicians to assess and identify patients at a higher risk 
of sCSDH recurrence, enabling them to formulate appropriate 
diagnostic and treatment strategies.
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