
Background: Subdural hematoma (SDH) is a frequent and serious complication of spontaneous 
intracranial hypotension (SIH), often requiring timely intervention. An epidural blood patch (EBP) is 
widely recognized as the preferred interventional treatment for SIH and its complications. However, 
treatment failure remains a concern, and predicting outcomes in patients with SIH and a concurrent 
SDH post EBP remains a clinical challenge.

Objectives: Our study aimed to develop and validate a predictive nomogram for treatment failure 
following an EBP in patients with SIH complicated by an SDH, identifying key clinical and imaging 
predictors associated with poor prognosis.

Study Design: This was a retrospective cohort study conducted over a 7-year period.

Setting: The study was conducted from January 2017 through December 2023 at a single tertiary 
care center, using electronic health records and radiologic databases.

Methods: A total of 233 patients diagnosed with SIH and concurrent SDH and treated with an 
EBP were retrospectively enrolled. Patients were sequentially assigned to a development cohort 
(n = 175) and a validation cohort (n = 58) at a 3:1 ratio. Backward stepwise multivariable logistic 
regression was applied to the development cohort to identify independent treatment failure 
predictors. A nomogram was constructed based on the final regression model. The model’s 
performance was assessed through discrimination (C-index), calibration plots, and decision curve 
analysis to evaluate clinical utility.

Results: Treatment failure occurred in 86 of 233 patients (36.9%), with similar rates between 
development (36.6%) and validation (37.9%) cohorts (P = 0.977). Four independent predictors 
were identified: gender, the maximum SDH thickness, SDH density type (based on computed 
tomography brain imagery), and pontomesencephalic angle. Specifically, men (odds ratio [OR] 
= 2.63; 95% CI, 1.11–6.48; P = 0.030), greater SDH thickness (OR = 1.26 per mm increase; 
95% CI, 1.13–1.43; P < 0.001), non-low-density SDH—including isodense, hyperdense, mixed-
density, and layering patterns—(vs low-density; OR = 0.35; 95% CI, 0.14–0.88; P = 0.025), and 
smaller pontomesencephalic angle (OR = 0.95 per degree; 95% CI, 0.91–0.99; P = 0.030) were 
significantly associated with increased risk. The nomogram demonstrated strong discrimination in 
the development cohort (C-index = 0.87; 95% CI, 0.82–0.93) and maintained good performance 
in the validation cohort (C-index = 0.84; 95% CI, 0.73–0.94). Calibration was satisfactory in both 
cohorts, and a decision curve analysis confirmed the model’s clinical value.

Limitations: While the sample size is the largest among similar studies, it remains relatively 
modest. Our exclusion of iatrogenic SIH and cases with cerebrospinal fluid fistulas may limit 
generalizability. Additionally, reliance on heavily T2-weighted magnetic resonance myelography 
without a reference standard for cerebrospinal fluid leak localization may affect generalizability. 
Prospective, multicenter trials are warranted to validate and refine the model.

Conclusions: Our study presents a validated nomogram incorporating 4 key predictors—
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gender, SDH thickness, SDH density, and pontomesencephalic angle—that accurately estimates treatment failure risk following 
an EBP in patients with SIH and a concurrent SDH. This tool offers practical value for individualized risk assessment and clinical 
decision-making.
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SSpontaneous intracranial hypotension (SIH) is 
a disorder caused by cerebrospinal fluid (CSF) 
leakage (1). Reduced CSF volume can trigger 

compensatory expansion of the subdural/subarachnoid 
spaces, resulting in subdural fluid accumulation 
and brain displacement, potentially causing tears in 
bridging veins and leading to a subdural hematoma 
(SDH) (2). An SDH is a potentially life-threatening 
complication in patients with SIH, occurring at a rate of 
approximately 20% to a maximum of 45% (3). In severe 
cases, patients with SIH and a concurrent SDH may 
experience neurological deficits, altered consciousness, 
and cerebral herniation, which may even lead to death 
(4). 

Once SIH is diagnosed, prompt identification of 
the CSF leak site is essential (5). Precise localization of 
the leak is crucial for guiding treatment decisions, in-
cluding targeted epidural blood patch (EBP) treatment 
or surgical repair. However, managing SIH complicated 
by an SDH is more challenging, as it requires address-
ing both the CSF leak and the associated hematoma. 
Surgical intervention for SDH may involve drainage, 
hematoma evacuation, or middle meningeal artery 
embolization (6,7). Nevertheless, the optimal manage-
ment strategy for SIH with a concurrent SDH remains 
controversial.

Conservative therapy may be effective for pa-
tients with SIH and a concurrent SDH (8); however, 
in most cases, EBP therapy, surgical intervention, or 
a combination of both needs to be considered (3,7,9-
11). While Chen, et al (2) indicated that early surgical 
intervention can prevent uncal herniation in patients 
with SIH and a concurrent SDH ≥ 10 mm and lower 
Glasgow Coma Scale scores (2), there are also reports 
suggesting that an EBP alone can achieve a cure for 
patients with SIH and a concurrent SDH, even if the 
SDH is thick (12).

Compared to surgery, EBP treatment is associated 
with lower risks, fewer adverse events, and significantly 
reduced recovery time and costs (13,14). However, pa-
tients with SIH and a concurrent SDH have a high fail-
ure rate following an EBP treatment, with some studies 

reporting rates as high as 37% (2,7). Treatment failure 
not only prolongs the disease course, but also increases 
the risk of severe complications associated with an SDH. 
Thus, distinguishing between patients who recover and 
those who fail, thus requiring further intervention, is 
critical for optimizing treatment outcomes. Our study 
aimed to develop and validate a nomogram that inte-
grates multiple independent predictors to provide an 
accurate and user-friendly tool for predicting treat-
ment failure in patients with SIH and concurrent SDH 
treated with an EBP.

Methods 

Patients
Our retrospective study was approved by the in-

stitutional ethics committee (No. 2023-745-01). Given 
the retrospective nature of the study, the ethics com-
mittee of our hospital waived the need for informed 
consent from patients. This work was in line with the 
Strengthening The Report Of Cohort Studies in Surgery 
(STROCSS) criteria (2024 version) (15). 

No statistical power calculation was conducted 
prior to the study. The sample size was determined 
based on the available data from our institutional 
clinical database collected from January 2017 through 
December 2023. We reviewed the clinical databases of 
305 patients diagnosed with SIH and concurrent SDH 
during this period. The diagnosis of SIH was based on 
the criteria from the International Classification of 
Headache Disorders, Third Edition (ICHD-3, code 7.2.3): 
low CSF pressure (< 60 mm CSF) or imaging evidence of 
CSF leakage; headaches occurring in temporal relation 
to low CSF pressure or CSF leakage; or headaches not 
better explained by another diagnosis (16). An SDH was 
defined as a blood collection between the dura mater 
and the arachnoid membrane in the cranial cavity as 
seen on brain computed tomography (CT), in either 
chronic or mixed form. 

The inclusion criterion was all patients with SIH with 
a concurrent SDH who underwent an EBP treatment. 

The exclusion criteria were: 1) an absence of  a CSF 
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leak on heavily T2-weighted magnetic resonance my-
elography (HT2W-MRM); 2) intracranial hypotension 
secondary to post dural puncture (meeting ICHD-3 
criteria and occurring within 5 days of the puncture) 
or a CSF fistula (meeting ICHD-3 criteria and develop-
ing in temporal relation to a procedure or trauma); 
3) an EBP treatment, fibrin patching, or endovascular 
sealing before hospital admission; 4) surgical interven-
tions (including drainage, SDH evacuation, or middle 
meningeal artery embolization) before an EBP treat-
ment; and 5) incomplete data. No predefined protocol 
determined the priority between conservative treat-
ment and surgical intervention for a SDH. The decision 
for surgical intervention was made through consensus 
among the attending neurologist or neurosurgeon 
and the patient/family. Patient data were anonymized. 

Demographics and Clinical Profiles 
Demographic characteristics and clinical variables 

were collected, including gender, age, height, weight, 
body mass index (kg/m2), smoking status, and a his-
tory of connective tissue disease, hypertension, and 
diabetes. Other recorded factors included a history 
of intrathecal anesthesia; misdiagnosis; clinical pre-
sentations such as headache intensity (measured on 
a 0-10 Numeric Rating Scale, with scores obtained the 
day before EBP treatment); nausea or vomiting; visual 
symptoms; auditory symptoms; neck pain or stiffness 
associated with this syndrome; time from onset to 
diagnosis; times of EBP treatment; total volume of 
autologous blood injected into the epidural space; 
and overall length of hospital stay. Notably, in all 
patients with a history of intrathecal anesthesia, the 
onset of symptoms related to intracranial hypoten-
sion occurred more than 5 days post dural puncture, 
suggesting a delayed presentation inconsistent with 
typical post dural puncture headache.

Neuroimaging
Pre-EBP brain CT, brain magnetic resonance imag-

ing (MRI), and HT2W-MRM were also analyzed. In cases 
where a patient underwent multiple pre-EBP CT, MRI, 
or HT2W-MRM scans, the most recent scan, closest to 
the time just before the first EBP treatment, was se-
lected for analysis. 

Brain CT was performed to record the SDH later-
ality, the maximum thickness of SDH (MTH), the sum 
of the maximum SDH thicknesses on both sides, SDH 
density type, and midline shift. MTH was defined as the 
greatest axial diameter of the hematoma measured 
on either side of the brain CT and was recorded in 
millimeters. The SDH on CT scans was classified into 2 
categories: low-density SDH and non-low-density SDH. 
Low-density SDH appeared as hypodense on brain 
CT, whereas non-low-density SDH included isodense, 
hyperdense, mixed-density, and layering patterns (17) 
(Fig. 1). 

The following brain MRI signs were recorded: iter 
descent below the incisural line (> 1.8 mm) (18); intra-
cranial angle, including pontomesencephalic angle1 
(PMA) (19) and the angle between the vein of Galen 
and straight sinus (vG/SS angle) (20); downward dis-
placement of the cerebellar tonsils (21); and pituitary 
hyperemia (22). HT2W-MRM identified the location of 
CSF leaks and the presence of high cervical (C1-C2 to 
C2-C3) leaks. A CSF leak was confirmed if a fluid-equiv-
alent signal was detected in the epidural or perineural 
space. The length of periradicular leaks was measured 
using vertebral segments (23).

Although CT myelography  remains the gold stan-
dard for detecting CSF leakage, it carries inherent risks, 
including invasiveness, radiation exposure, and allergic 
reactions to iodine-based contrast agents (24). Studies 
have shown that HT2W-MRM can detect CSF leakage 
with an accuracy of up to 93.5%, demonstrating excel-

Fig. 1. CT scans illustrating 5 distinct types of  subdural hematoma: (A) low-density, (B) isodensity, (C) high-density, (D) 
mixed-density, and (E) layering.
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lent concordance with CT myelography (25,26). As a 
noninvasive and radiation-free modality, HT2W-MRM 
serves as a viable alternative for diagnosing SIH. There-
fore, HT2W-MRM was used in this study to identify CSF 
leakage. Some MRI or HT2W-MRM measurements are 
shown in Fig. 2. Demographic, clinical, and imaging pa-
rameters were collected based on previous studies on 
the treatment failure of SIH (3,9,21,23,27-29), as well as 
our own clinical experience. All imaging findings were 
jointly obtained by 2 experienced neuroradiologists 
who were unaware of the patient’s identity. 

Intervention and Outcomes Analyses
EBP target sites were selected based on their CSF 

leak level, as identified by HT2W-MRM (30). EBP was 
administered at the identified leak site, the center of 
the segmental leak, or 2 locations to adequately cover 
diffuse or multifocal leaks. Based on clinical experience, 
for patients with no significant symptom relief within 

72 hours post EBP treatment or those displaying multi-
ple-segment CSF leaks on HT2W-MRM, we conducted 
additional or repeated EBP sessions at intervals of 3–5 
days. We recorded the number of EBP treatments per-
formed during the same hospital admission, as well as 
the total volume of autologous blood injected into the 
epidural space.

Treatment failure was defined as the persistence or 
partial relief of symptoms (< 30% decrease in headache 
intensity [31,32]), or progression of the SDH. In addi-
tion, EBP treatment was deemed a failure if readmis-
sion for the same condition occurred within 6 months 
postdischarge, regardless of the patient’s assessed 
efficacy.

Statistical Analysis
Continuous data are presented as mean ± SD for 

normally distributed variables, or median with inter-
quartile range (IQR) for nonnormally  distributed vari-

Fig. 2. MRI and HT2W-MRM showing measurements of  anatomical angles and locations of  spinal CSF leak. (A) Black lines 
show the vG/SS angle. The blue line indicates the distance from the opening of  the sylvian aqueduct (i.e., iter) to the incisural 
line (the orange line starts from the anterior tuberculum sellae and passes through the junction of  the great cerebral vein, inferior 
sagittal sinus, and straight sinus). Yellow lines denote PMA, which was defined as the angle between the line tangential to the 
anterior margin of  the midbrain and the line tangential to the superior margin of  the pons based on the midline sagittal view of  
the brain MRI. (B) HT2W-MRM imaging shows the CSF leak at the cervicothoracic junction (arrow). (C) HT2W-MRM 
imaging of  the spine shows abnormal CSF signals in the high cervical region (C1–C2 to C2–C3) (arrowhead). 
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ables. Normality was assessed using the Shapiro-Wilk 
test. Categorical data are presented as counts and 
percentages. Differences in continuous variables were 
assessed using the Mann-Whitney U test, as none met 
the normality assumption. Categorical variables were 
compared using the χ2 test or Fisher’s exact test, as 
appropriate. Spearman correlation and the Belsley col-
linearity test were used to evaluate collinearity among 
all covariates. A condition index threshold of 30 was 
used to indicate potential multicollinearity, and covari-
ates with variance decomposition proportions greater 
than 0.5 were further examined. No significant multi-
collinearity issues were detected among the covariates 
included.

The significance of each variable in the develop-
ment cohort was first evaluated through univariate 
logistic regression analysis in order to identify poten-
tial risk factors for treatment failure. Clinically relevant 
variables and those with a P value < 0.1 in the univari-
ate analysis were included in the multivariable logistic 
regression analysis. A backward stepwise elimination 
procedure, guided by the Akaike Information Criterion, 
was used to derive the final reduced model. Variables 
were removed sequentially if their contribution to the 
model did not meet the predefined threshold, ensur-
ing a balance between model simplicity and predictive 
accuracy. Importantly, no variables were intentionally 
excluded for reasons outside the statistical procedure. 
Estimated odds ratios (OR) and 95% CIs were reported 
for the predictors in the final model. 

A nomogram was then constructed based on the 
coefficients obtained from the reduced multivariable 
logistic regression model, scaling the regression coef-
ficients to create a point-based scoring system that re-
flects the relative contribution of each predictor to the 
outcome. The coefficients from the regression analysis 
were scaled by dividing each coefficient by the small-
est coefficient in the model and then rounding to the 
nearest whole number to create a point-based scoring 
system. Each predictor in the nomogram was assigned 
a corresponding point value proportional to its scaled 
coefficient, reflecting its relative contribution to the 
outcome. To use the nomogram, a vertical line was 
drawn from the value of each predictor to the point 
axis to determine its assigned score. The total score was 
then calculated by summing the points from all predic-
tors. Finally, a vertical line was drawn from the total 
points axis to the risk axis to estimate the probability 
of failure. 

We utilized the area under the curve (AUC) of the 

receiver operating characteristic (ROC) curve analysis 
and concordance index (C-index) to evaluate the nomo-
gram’s discrimination in predicting patient outcomes. 
The optimal cutoff for the model was determined using 
the Youden Index, which maximizes the sum of sensi-
tivity and specificity. At the established cutoff, various 
performance metrics, including accuracy; sensitivity; 
specificity; positive and negative likelihood ratios; as 
well as positive and negative predictive values were 
calculated for both the development and validation 
cohorts. The best-fit model and nomogram were vali-
dated and calibrated using bootstrapping techniques. 
The bootstrap method was applied with 1,000 resa-
mples, and the bootstrap-corrected AUC with a 95% CI 
was reported. Calibration plots of the nomogram were 
evaluated using the Hosmer-Lemeshow test. Addition-
ally, a decision curve analysis was conducted to assess 
the net benefit of using the nomogram for predicting 
treatment failure across different threshold probabili-
ties in both the development and the validation cohort.

All statistical analyses were conducted using R 
version 4.3.2 (The R Foundation) within the RStudio 
2023.09.1 environment (Posit Software PBC). For model 
development and assessment, the following R pack-
ages were utilized: rms (version 6.9.0), caret (version 
7.0.1), and pROC (version 1.18.5). These packages were 
used for constructing the nomogram, evaluating the 
model performance, and determining the optimal cut-
off, respectively. Statistical testing was two-tailed and 
considered significant at P < 0.05.

Results 

Patient Characteristics and Variables 
A total of 305 patients with SIH and concurrent 

SDH were screened, of which 233 met the inclusion 
criteria and completed follow-up. Of the 72 excluded 
patients, 5 resulted from post dural puncture or CSF 
fistula, 13 had no significant CSF leak seen on HT2-
MRM, 11 had an EBP treatment prior to admission, 
11 underwent surgery first, and 32 had missing data 
(Fig. 3). Missing data accounted for 10.5% of the total 
screened patients. Sensitivity analyses confirmed that 
the excluded patients with missing data did not differ 
significantly in baseline characteristics compared to the 
included cohort. 

Ultimately, A total of 233 patients were included, 
with 175 assigned to the development cohort and 58 
to the validation cohort, maintaining a 3:1 ratio. This 
splitting was performed without replacement using 
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a sequential approach, based on the order of patient 
admissions over the study period. As shown in Table 1, 
there were no significant differences in demographic, 
clinical, or imaging characteristics between the 2 
cohorts. The median age at onset was 43 years, with 
a slight predominance of  men (55.4%). The total 
number of treatment failures was 86 (36.9%), with 64 
(36.6%) in the development cohort and 22 (37.9%) in 
the validation cohort. 

Three patients (1.3%) in the enrolled population 
were diagnosed with connective tissue disease, all 
of whom were in the development cohort. Nausea 
or vomiting was the most prevalent onset feature 
(64.4%), followed by auditory symptoms (48.5%) and 
neck pain or stiffness (40.8%), with visual symptoms 
(14.2%) being less common. The median time from 
symptom occurrence to diagnosis was 45.0 days (IQR, 
25.0–60.0). Before the correct diagnosis, 47 patients 
(26.9%) in the development cohort and 12 patients 
(20.7%) in the validation cohort were misdiagnosed. 
Bilateral SDHs were observed in 194 patients (83.3%), 
with 145 (82.9%) in the development cohort and 49 
(84.5%) in the validation cohort. Additionally, 147 
patients (63.1%) had a low-density SDH, including 114 
(65.1%) in the development cohort and 33 (56.9%) in 
the validation cohort. Most CSF leakage sites were in 
the cervical and thoracic segments, with 176 (75.5%) 
involving cervical and cervicothoracic junctions and 168 
(72.1%) involving thoracic and thoracolumbar junc-

tions;  lumbar CSF leakage was relatively rare, observed 
in only 68 patients  (29.2%).

Nomogram Model Development
In a univariate regression analysis, variables with 

P < 0.1 included gender, a history of intraspinal anes-
thesia, nausea/vomiting, neck pain/stiffness, MTH, sum 
of the maximum SDH thicknesses on both sides, low-
density SDH, midline shift, iter descent below the in-
cisural line (> 1.8 mm), PMA, vG/ss angle, periradicular 
leak length, thoracic-thoracolumbar leak, and length 
of hospital stay. The results, along with their estimated 
OR and 95% CI, are presented in Table 2. The covariates 
obtained after backward multivariable regression were 
gender, a history of intraspinal anesthesia, neck pain/
stiffness, MTH, low-density SDH, and PMA. Variables 
such as a history of intraspinal anesthesia and neck 
pain/stiffness were removed from the multivariable lo-
gistic regression analysis as they did not show statistical 
significance (P > 0.05). 

After conducting multivariable logistic regression 
analysis, which adjusted for potential confounding 
variables, the independent predictors identified were 
gender, MTH, low-density SDH, and PMA (Table 2). Men 
(OR, 2.63; 95% CI, 1.11–6.48; P = 0.030) and greater 
MTH (OR, 1.26; 95% CI, 1.13–1.43; P < 0.001) were as-
sociated with a higher likelihood of treatment failure. 
In contrast, low-density SDH (OR, 0.35; 95% CI, 0.14–
0.88; P = 0.025) and a smaller PMA (OR, 0.95; 95% CI, 

Fig. 3. Flow diagram of  the study population. 
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Table 1. Patient characteristics.

Data are number (%), median (IQR (interquartile range)). TOD: time from onset to diagnosis; NOE: number of epidural blood patch treatment; 
LOS: length of hospital stays; SDH: subdural hematoma; MTH: maximum thickness of subdural hematoma; PMA: pontomesencephalic angle; vG/
SS angle: angle between the vein of Galen and straight sinus; C-CT: cervical-cervicothoracic; T-TL: thoracic-thoracolumbar; CSF: cerebrospinal 
fluid.

Characteristics
Total 

(n = 233)
Development 

Cohort (n = 175)
Validation Cohort 

(n = 58)
P

Treatment failure, n (%) 86 (36.9%) 64 (36.6%) 22 (37.9%) 0.977

Gender (men), n (%) 129 (55.4%) 96 (54.9%) 33 (56.9%) 0.906

Age, years; median (IQR) 43.0 (35.0-54.0) 43.0 (35.0-52.5) 44.5 (35.0-54.0) 0.919

Height, cm; median (IQR) 167.0 (160.0-172.0) 167.0 (160.0-172.0) 168.5 (162.3-174.0) 0.101

Weight, kg; median (IQR) 65.0 (55.0-71.0) 64.0 (55.0-71.0) 65.0(55.0-70.8) 0.927

BMI, kg/m2; median (IQR)  22.8 (20.8-25.3) 22.9 (20.8-25.3) 22.5(20.3-24.2) 0.303

Smoker, n (%) 27 (11.6%) 19 (10.9%) 8 (13.8%) 0.712

Connective tissue disorder, n (%) 3 (1.3%) 3 (1.7%) 0 (0%) 0.576

Hypertension, n (%) 50 (21.5%) 38 (21.7%) 12 (20.7%) > 0.999

Diabetes, n (%) 24 (10.3%) 20 (11.4%) 4 (6.9%) 0.456

History of intrathecal anesthesia, n (%) 61 (26.2%) 44 (25.1%) 17 (29.3%) 0.650

Misdiagnosis, n (%) 59 (25.3%) 47 (26.9%) 12 (20.7%) 0.446

Headache intensity, scores; median (IQR) 2.0 (1.0-3.0) 2.0(1.0-3.0) 2.0 (1.0-3.0) 0.692

Nausea/vomiting, n (%) 150 (64.4%) 113 (64.6%) 37 (63.8%) > 0.999

Visual symptoms, n (%) 33 (14.2%) 22 (12.6%) 11 (19%) 0.321

Auditory symptoms, n (%) 113 (48.5%) 91 (52.0%) 22 (37.9%) 0.088

Neck pain/stiffness, n (%) 95 (40.8%) 75 (42.9%) 20 (34.5%) 0.332

TOD, days; median (IQR) 45.0 (25.0-60.0) 45.0 (25.0-60.0) 45.0 (25.0-60.0) 0.814

NOE, number; median (IQR) 51.0 (33.0-68.0) 51.0 (34.0-67.5) 50.0 (30.8-77.3) 0.975

Volume of injected blood, mL; median (IQR) 22.0 (17.0-33.0) 23.0 (16.5-35.0) 19.0 (17.0-29.8) 0.265

LOS, days; median (IQR) 15.0 (12.0-20.0)  15.0 (12.0-21.0) 14.0 (11.0-19.0) 0.104

CT Signs

Bilateral SDH, n (%) 194 (83.3%) 145 (82.9%) 49 (84.5%) 0.933

MTH, mm; median (IQR) 5.4 (3.3-9.7)  5.4 (3.2-8.8)  6.5 (3.6-10.9) 0.193

Sum of bilateral SDH, mm; median (IQR) 8.2 (5.4-14.8)  8.0 (5.2-14.6) 9.4 (6.2-16.4) 0.184

Low density SDH, n (%) 147 (63.1%) 114 (65.1%) 33 (56.9%) 0.332

Midline shift, n (%) 44 (18.9%) 33 (18.9%) 11 (19%) >0.999

MRI Signs

Iter > 1.8 mm below incisura line, n (%) 86 (36.9%) 65 (37.1%) 21 (36.2%) >0.999

PMA, degree; median (IQR) 36.0 (29.5-42.1) 36.2 (29.7-42.0) 35.8 (28.6-42.6) 0.850

vG/ss angle, degree; median (IQR) 73.4 (64.1-81.3) 73.7(63.0-80.9)  73.2 (65.0-83.9) 0.184

Downward displacement of cerebellar tonsils, n (%) 8 (3.4%) 6 (3.4%) 2 (3.4%) >0.999

Pituitary hyperemia, n (%) 161 (69.1%) 127 (72.6%) 34 (58.6%) 0.067

HT2W-MRM signs

CSF leak location

C-CT leak, n (%) 176 (75.5%) 135 (77.1%) 41 (70.7%) 0.415

T-TL leak, n (%) 168 (72.1%) 122 (69.7%) 46 (79.3%) 0.214

Lumbar leak, n (%) 68 (29.2%) 52 (29.7%) 16 (27.6%) 0.887

High cervical level CSF leakage, n (%) 99 (42.5%) 77 (44.0%) 22 (37.9%) 0.511

Periradicular leak length, median (IQR), n 7.0 (4.0-12.0) 8.0 (4.0-12.0) 7.0 (5.0-11.8) 0.796
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0.91–0.99; P = 0.030) were 
linked to a reduced risk of 
treatment failure.

The nomogram 
incorporating these pre-
dictors was developed 
(Fig. 4). To obtain the 
predicted probability, the 
patient’s gender, MTH, 
low-density SDH, and 
PMA are mapped onto 
the nomogram’s axes. A 
vertical line was drawn 
to determine the score 
for each variable. The 
individual probability of 
treatment failure can be 
determined by summing 
the scores for all variables 
and identifying the cor-
responding total on the 
total points line.

Nomogram Model 
Validation

Our model demon-
strated high precision us-
ing the bootstrap method 
in the development 
cohort, with a C-index of 
0.87 (95% CI, 0.82–0.93). 
The Hosmer–Lemeshow 
test indicated no signifi-
cant lack of fit (P = 0.732), 
confirming the model’s 
predictive accuracy in 
the development cohort. 
Calibration plots showed 
a strong agreement 
between predicted and 
observed failure rates 
(Fig. 5A). In the validation 
cohort, the nomogram 
achieved a C-index of 
0.84 (95% CI, 0.73–0.94) 
with reliable calibration 
(Fig. 5B), as evidenced by 
the Hosmer–Lemeshow 
test, which also showed 
no significant variance (P 

Table 2. Treatment failure risk factors.

TOD: time from onset to diagnosis; NOE: number of epidural blood patch treatment; LOS: length of hospital 
stays; SDH: subdural hematoma; MTH: maximum thickness of subdural hematoma; PMA: pontomesence-
phalic angle; vG/SS angle: angle between the vein of Galen and straight sinus; C-CT: cervical-cervicothoracic; 
T-TL: thoracic-thoracolumbar; CSF: cerebrospinal fluid.
*The asterisk indicates that the variable was statistically significant.

Characteristics
Univariate Analysis Multivariable Analysis

OR 95% CI P OR 95% CI P
Gender (men) 2.79 1.47-5.44 0.002* 2.63 1.11-6.48 0.030*

Age 1.00 0.98-1.03 0.739

Height 1.02 0.99-1.06 0.237

Weight 1.00 0.97-1.02 0.807

BMI 0.96 0.87-1.05 0.366

Smoker 1.65 0.62-4.34 0.304

Connective tissue disorder 0.87 0.04-9.21 0.907

Hypertension 1.02 0.47-2.12 0.969

Diabetes 1.49 0.57-3.81 0.408

History of intrathecal anesthesia 2.12 1.06-4.27 0.034* 2.29 0.89-6.01 0.086

Misdiagnosis 1.25 0.62-2.48 0.522

Headache intensity 1.04 0.84-1.28 0.742

Nausea/vomiting 0.46 0.24-0.87 0.017*

Visual symptoms 0.61 0.21-1.59 0.336

Auditory symptoms 0.66 0.35-1.21 0.180

Neck pain/stiffness 0.46 0.24-0.88 0.019* 0.49 0.21-1.12 0.096

TOD 1.00 1.00-1.01 0.743

NOE 1.00 1.00-1.01 0.623

Volume of injected blood 1.00 0.97-1.02 0.680

LOS 1.04 1.01-1.08 0.020*

CT Signs

Bilateral SDH 0.60 0.27-1.35 0.210

MTH 1.38 1.25-1.56 < 0.001* 1.26 1.13-1.43 <0.001*

Sum of bilateral SDH 1.23 1.15-1.32 < 0.001*  

Low-density SDH 0.11 0.05-0.22 < 0.001* 0.35 0.14-0.88 0.025*

Midline shift 5.67 2.54-3.45 < 0.001*

MRI signs

Iter > 1.8mm below incisura line 2.36 1.25-4.50 0.008*

PMA 0.93 0.90-0.96 < 0.001* 0.95 0.91-0.99 0.030*

vG/ss angle 0.96 0.93-0.99 0.003*

Downward displacement of 
cerebellar tonsils 1.77 0.32-9.82 0.492

Pituitary hyperemia 0.58 0.30-1.15 0.120

HT2W-MRM signs

CSF leak location

C-CT leak 0.63 0.31-1.30 0.210

T-TL leak 0.26 0.13-0.51 < 0.001*

Lumbar leak 1.12 0.57-2.18 0.736

High cervical level CSF leakage 0.59 0.31-1.11 0.104

Periradicular leak length 0.90 0.84-0.96 0.001*
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= 0.306). The correspondent ROC curve and its AUC of 
the development cohort and validation cohort for the 
nomogram are displayed in Fig. 6.

Treatment Failure Risk Based on the 
Nomogram Scores

The optimal cutoff for the nomogram was 0.26 
and 0.52 for the development and the validation co-
hort, respectively. The sensitivity, specificity, positive 
predictive value, negative predictive value, positive 
likelihood ratio, and negative likelihood ratio  for dis-
tinguishing between the presence and absence of fail-
ure were 64.71%, 90.00%, 85.94%, 72.97%, 6.47 and 
0.39 in the development cohort, and 73.91%, 85.71%, 
77.27%, 83.33%, 5.17, and 0.30 in the validation co-
hort, respectively.

Clinical Use 
The decision curve analysis for both the develop-

ment and validation cohorts (Figs. 7A and 7B) demon-
strates that the nomogram is effective in predicting 
treatment failure when the threshold probability for 
either the patient or physician ranges from 10% to 
90%. This approach offers significantly more clinical 
benefit compared to either indiscriminate application 
or no use of the nomogram.

Discussion 
In our study, the treatment failure rate for patients 

with SIH and concurrent SDH treated with an EBP was 
36.9%, which closely aligned with the 37.1% and 37.0% 
reported in 2 other studies involving 35 and 27 patients 
with SIH and concurrent SDH who were treated with 
an EBP (2,7). This suggests that patients with SIH and 
concurrent SDH treated with an EBP have a high fail-
ure rate, underscoring the need for further research in 
order to improve a patient’s prognosis. Although this 
is a single-center study, the treatment outcomes align 
with those reported in other regions, supporting the 
reliability and generalizability of our findings.

Regarding clinical indicators, few studies have ad-
dressed the prognosis of patients with SIH and concur-
rent SDH treated with an EBP. According to Hong, et al 
(27), being a man; having a history of regular smoking 
and alcohol consumption; having a headache occur-
ring in the temporal position; a prolonged duration of 
symptoms; and a greater frequency of EBPs were identi-
fied as factors associated with the necessity for surgical 
intervention in patients with SIH and concurrent SDH. 
In a cohort study on gender differences in SIH, Po-Tso 

Fig. 4. Established nomogram for the prediction of  
treatment failure of  patients with SIH and concurrent 
SDH post epidural blood patch. The nomogram was 
developed by incorporating the following 4 parameters: 
low-density SDH on the brain CT, gender (men = 1, 
women = 0), pontomesencephalic angle (degrees), and 
MTH (mm). MTH: maximum thickness of  subdural 
hematoma. 

Fig. 5. Calibration plot for nomogram in the (A) 
development cohort and (B) validation cohort. 
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Lin, et al (33) found that men had a higher risk of de-
veloping a SDH and were more likely to receive surgical 
drainage, which is consistent with our findings. While 
preliminary studies have investigated the relationship 
between gender  and SIH, the available data remain 

limited, especially from multicenter, large-scale studies. 
Future research is needed to examine the specific ef-
fect of gender on pathogenesis, clinical presentation, 
prognosis, and treatment response in patients with SIH.

Our results also show that patients with SIH with 

Fig. 7. Decision curve analysis of  treatment failure in patients with the nomogram model in the (A) development cohort and (B) 
validation cohort. 

Fig. 6. Receiver operating characteristic curve analyses of  predictors for treatment failure in the (A) development cohort and (B) 
validation cohort. 
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a large MTH had a higher risk of treatment failure 
after an EBP. Numerous studies have explored the ef-
fect of SDH thickness on the prognosis of chronic SDH. 
Increased SDH thickness is associated with a higher risk 
of treatment failure, and may even lead to acute post-
operative neurological deterioration or brain hernia-
tion (2,34-38). According to the  guidelines of Bullock, 
et al (39), for the surgical management of acute trau-
matic SDH, hematomas with a thickness ≥ 10 mm on 
CT scans should be promptly evacuated, regardless of 
the patient’s Glasgow Coma Scale score. Some studies 
have also suggested that surgical intervention should 
be considered for patients with an SDH resulting from 
an SIH when the MTH is ≥ 10 mm (40). However, in clini-
cal practice, we have observed that some patients with 
SIH and concurrent SDH ≥ 10 mm in thickness can be 
effectively managed with EBP therapy, obviating the 
need for surgical intervention, which is consistent with 
findings in other reported studies (7,10,41). Therefore, 
we propose that hematoma thickness may not be an 
exclusive determinant of the prognosis for patients 
with SIH and concurrent SDH undergoing EBP treat-
ment. By quantifying the MTH along with other factors 
collectively influencing a prognosis and integrating 
them based on their contribution to the outcome, the 
resulting estimate of treatment failure risk may aid 
clinicians in making informed decisions for this specific 
patient subset.

Prior studies have explored the link between SDH 
density type and outcomes. In a retrospective study of 
328 patients, Liu, et al (42) found that mixed-density 
SDH is an independent risk factor for treatment failure. 
Similarly, Yan, et al (43) reviewed data from 514 patients 
with chronic SDH and found high- and mixed-density 
SDHs to be significantly associated with treatment 
failure after burr hole surgery. Nakamura, et al (44) 
reported that every chronic SDH that resolved without 
surgery exhibited low density on follow-up CT scans. 
This study demonstrates an association between hema-
toma density and the prognosis of a SDH in patients 
with SIH. Our findings suggest that low-density SDH is 
associated with a reduced risk of treatment failure in 
patients with SIH following EBP therapy. 

This study identified PMA as a significant predic-
tor of treatment failure post EBP in patients with SIH 
and concurrent SDH. A smaller PMA is associated with 
a higher likelihood of treatment failure. One study 
indicated that individuals diagnosed with SIH and a 
PMA < 40° may be at a higher risk of treatment failure 
following an EBP (23). In a case-control study, Seung 

Hyun Lee, et al (45) found that patients with recurrent 
SIH who were treated with an EBP had a decreased 
PMA compared to the nonrecurrent group. Conversely, 
another study suggested that individuals with a PMA < 
40° were more likely to achieve complete recovery (21). 
The reasons for the inconsistent results in prior studies 
are still unclear; no previous research has been dedi-
cated to exploring the treatment failure of an EBP in 
patients specifically diagnosed with SIH and concurrent 
SDH. Nevertheless, our findings indicate that individu-
als with a smaller PMA, who are diagnosed with SIH 
and concurrent SDH, may be more likely to treatment 
failure post EBP. Narrowing the PMA could poten-
tially indicate the extent of brain sagging and caudal 
displacement of the brainstem (46). Despite success-
ful leak blockage following EBP treatment, resetting 
the brain becomes increasingly challenging, thereby 
increasing the likelihood of persistent headache and 
other discomforting symptoms. This may explain why 
our results suggest that a smaller PMA is associated 
with an increased likelihood of treatment failure post 
EBP in patients with SIH and concurrent SDH.

The strengths of our study lie in its being the first 
to develop a predictive model for the risk of treatment 
failure in patients with intracranial hypotension and 
a SDH following an EBP, utilizing the largest sample 
size reported thus far. While previous studies have as-
sociated hematoma density with an SDH prognosis, our 
study demonstrates a relationship between hematoma 
density type and prognosis in SIH-related cases. Our 
findings suggest that a low-density SDH may be associ-
ated with a lower risk of treatment failure in patients 
with SIH and concurrent SDH. Moreover, the 4 variables 
integrated into the model—gender, MTH, SDH density 
type, and PMA—are easy to obtain, cost-effective, and 
practical for clinical use. Our nomogram demonstrated 
strong predictive accuracy with a C-index of 0.87 in the 
development cohort and 0.84 in the validation cohort, 
highlighting its utility in identifying patients at high 
risk of treatment failure.

Limitations
Our study has several limitations. First, although it 

includes the largest sample among similar studies, the 
overall sample size remains modest. Future multicenter 
studies with larger and more diverse populations are 
warranted to confirm and generalize these findings.

The second limitation is the exclusion of SIH cases 
due to iatrogenic causes and CSF fistulas. As these pa-
tients reportedly respond differently to EBP treatment 
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than those with SIH, the model’s applicability to this 
subgroup is limited (47,48). Refining predictive models 
may benefit from incorporating advanced imaging 
techniques, including nuclear medicine cisternography, 
lateral decubitus digital subtraction myelography, and 
photon-counting CT myelography, all of which offer 
high diagnostic accuracy for CSF fistulas and SIH-related 
features (49). 

Another limitation is the reliance on HT2W-MRM 
for targeted EBP therapy without a reference standard 
to verify CSF leak localization. Although prior studies 
suggest that HT2W-MRM-based targeted EBP therapy is 
more effective than CT myelography-based or blinded 
EBP for SIH (30,50), its efficacy in patients with a SDH 
remains unclear. Further research is required to clarify 
this issue. 

Additionally, we included patients who underwent 
multiple EBP treatments after admission. Although 
the number of EBP sessions did not significantly differ 
between treatment failure and nonfailure groups, this 
factor may introduce bias when applying our model 
in different populations. Future prospective studies 
should consider analyzing only first-time EBP recipi-
ents to reduce potential bias associated with repeated 
treatments. 

Finally, as a retrospective study, this research 
requires validation through future randomized con-
trolled trials to confirm its clinical benefits.

Conclusion

Our study developed a model integrating clinical 
and imaging features to facilitate individualized predic-
tion of EBP treatment failure in patients with SIH and 
concurrent SDH. This model enables early identification 
of high-risk patients, emphasizing the need for inten-
sified follow-up to optimize outcomes. Additionally, 

our findings may provide valuable insights for guiding 
future clinical practice and translational research.
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