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Abstract

Purpose: Spinal cord herniation has been recognized as a very rare, late complication of spontaneous intracranial hypotension 
(SIH). This study examined the incidence and timing of early spinal cord herniation in SIH and the factors associated with its 
development.

Methods: Data from a prospective cohort of patients with SIH at Seoul National University Hospital (2022–2024) were ana-
lyzed retrospectively. Eligible patients presented within 1 year of symptom onset, had a spinal longitudinal epidural collection, 
and had no spinal cord herniation at baseline. Kaplan–Meier analysis was used to estimate the cumulative incidence of spinal 
cord herniation, and Cox regression was used to evaluate risk factors.

Results: The study included 92 patients with SIH who presented within 1 year of onset (mean age, 40.6 years; 39.1% male). 
Spinal cord herniation was first detected in eight patients, a mean of 174.1±180.5 days after symptom onset. Its cumulative in-
cidence reached 10.3% by 1 year and 14.2% by 2 years.

Conclusion: In patients presenting within 1 year of symptom onset with a type 1 leak, spinal cord herniation may develop earli-
er than previously recognized, even without neurological symptoms. Careful follow-up is essential to ensure timely, appropriate 
management. Caution is warranted, however, when generalizing these incidence estimates to the overall SIH population.

Keywords: Intracranial hypotension, Magnetic resonance myelography, Spinal cord herniation, Spinal longitudinal epidural col-
lection, Ultrafast dynamic computed tomography myelography

INTRODUCTION

Spontaneous intracranial hypotension (SIH) is a disabling 

headache disorder that arises from cerebrospinal fluid 

(CSF) leakage,1 which leads to loss of CSF volume and 

buoyancy and dislocation of cerebral or spinal structures, 
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resulting in headache and various neurological symp-

toms.2 Not only symptoms of SIH significantly affect pa-

tients' daily activities and long-term quality of life,2,3 but 

also acute complications of SIH, including subdural he-

matoma, cerebral venous thrombosis, and transtentorial 

or uncal herniation, can be life-threatening. Furthermore, 

SIH can lead to chronic irreversible complications, such as 

superficial siderosis, bibrachial amyotrophy, frontotem-

poral dementia, and spinal cord herniation (SCH).4-7 Since 

headache is the most common, and often the only, clinical 

manifestation of SIH,2 a comprehensive understanding of 

its clinical course and complications is crucial for head-

ache physicians.

Although the acute complications of SIH have been 

widely recognized, research on its chronic complications 

remains scarce. The only available large, longitudinal 

study which followed SIH patients over two decades iden-

tified chronic complications including superficial siderosis 

(3.6%, 57/1,589), bibrachial amyotrophy (0.2%, 3/1,589), 

and frontotemporal dementia (5.0%, 29/576),4,8,9 whereas 

SCH was identified in only one case (0.06%, 1/1,589). A re-

cent extended observation from the same institute, focus-

ing on 51 patients with persistent ventral spinal CSF leaks, 

reported an incidence of SCH of 0% at 5 years and 9.4% at 

10 years.4,10

In contrast to these prior findings, we observed multiple 

cases of SCH occurring earlier than previous observation 

(i.e., <2 years of symptom onset), challenging the conven-

tional view that SCH is an extremely rare and late chronic 

complication of SIH. Until recently, definitive surgical 

treatment for ventral spinal CSF leaks was rarely avail-

able in South Korea, allowing longitudinal observation of 

patients with persistent CSF leakage using serial spinal 

imaging. This clinical setting provided an opportunity to 

characterize the early development of SCH. Therefore, we 

aimed to determine the incidence and timing of SCH and 

to identify factors associated with its development in a 

prospectively maintained cohort of patients with SIH.

MATERIALS AND METHODS

1. Study design

We conducted a retrospective cohort study using pro-

spectively collected data from the SIH clinic registry at 

Seoul National University Hospital between 2022 and 

2024. During the study period, 195 patients were enrolled. 

Among the 195 patients enrolled in the SIH registry, 76 

were excluded because of incomplete data or loss to fol-

low-up, and 13 because they had other CSF leak types or 

an iatrogenic CSF leak. Patients who first presented more 

than 1 year after symptom onset (n=14) were further ex-

cluded to evaluate incident SCH from an early stage of SIH. 

The final study population therefore comprised 92 patients 

who presented within 1 year of symptom onset and had 

spinal longitudinal epidural collection (SLEC) suggestive 

of a type 1 CSF leak (Figure 1). All participants provided 

signed informed consent, and the study was approved by 

the institutional review board of Seoul National University 

(institutional review board approval number: 2205-026-

1322). This study adhered to the principles of the Declara-

tion of Helsinki. The study was conducted in accordance 

with the Strengthening the Reporting of Observational 

Studies in Epidemiology reporting guideline.

All participants in the SIH cohort (n=195)

Presentation within 1 year of SIH onset and 
suspected type 1 CSF leak (n=92)

Incomplete data or loss to follow-up 
(n=76)

Other suspected CSF leak type 
(n=13)

Presentation >1 year after symptom 
onset (n=14)

Figure 1. Study flowchart. Of the 195 patients in the SIH co-
hort, 76 were excluded because of incomplete data or loss to 
follow-up, 13 because of other suspected CSF leak types, and 
14 because they presented more than 1 year after symptom 
onset. The final study population consisted of 92 patients with a 
suspected type 1 CSF leak who presented within 1 year of SIH 
onset.
SIH, spontaneous intracranial hypotension; CSF, cerebrospinal 
fluid.
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2. Participants

All patients met the diagnostic criteria for SIH according to 

the International Classification of Headache Disorders, 3rd 

edition,11 and were diagnosed in person by a board-cer-

tified neurologist with expertise in headache and SIH. 

In this study, we enrolled patients in whom a type 1 leak 

was suspected based on the spinal magnetic resonance 

myelogram (MRM) findings. Patients with CSF leakage at-

tributable to lumbar puncture, another spinal procedure, 

or trauma were excluded in accordance with the Interna-

tional Classification of Headache Disorders, 3rd for SIH. 

The analysis was restricted to patients presenting within 1 

year of symptom onset to reduce potential selection bias, 

as patients presenting after a longer disease duration may 

represent a selected population with persistent or more 

severe symptoms. Among 195 patients enrolled to the SIH 

registry, 92 met the inclusion criteria.

Demographic and clinical variables including age, sex, 

symptom onset, follow-up duration, time from onset to 

first epidural blood patch (EBP), number of EBPs adminis-

tered, and brain magnetic resonance imaging (MRI) find-

ings (including brain sagging, pachymeningeal enhance-

ment, venous sinus engorgement, pituitary hyperemia, 

subdural hygroma, subdural hematoma, and cerebral 

venous thrombosis) were prospectively collected.

All patients underwent brain MRI and noninvasive MRM 

using a standardized protocol, which included fat-saturat-

ed T2-weighted imaging, heavily T2-weighted 3-dimen-

sional sequences and multi-planar sagittal and axial re-

constructions using water-only and in-phase T2-weighted 

images. Follow-up MRM was primarily performed after 

EBP to assess treatment response or when deemed clini-

cally necessary. Because follow-up MRM was optional and 

non-reimbursed, the timing and frequency of imaging var-

ied among patients. Ultrafast dynamic computed tomogra-

phy myelography (CTM) was performed in selected cases.

3. Outcome evaluation and definition

The primary outcome was incident SCH, defined as the 

first radiologically confirmed event following SIH diagno-

sis. All participants had no evidence of SCH at baseline. 

Serial imaging was reviewed to confirm that no baseline 

protrusion was present at the level of SCH, thus SCH rep-

resented a newly developed lesion at a previously unin-

volved spinal level.

Radiological diagnosis of SCH was defined as a focal 

protrusion of the spinal cord beyond the expected ven-

tral dural margin, showing an identifiable point where 

the cord extends outside the dural sac, while maintaining 

continuity within the sac at adjacent levels. The lesion was 

identified on both sagittal and axial MRM. In patients with 

suspected SCH on MRM, ultrafast dynamic CTM was also 

used for further evaluation and confirmation.

Every case was reviewed by a senior headache neurolo-

gist and SIH specialist (MJL, with 16 years of experience in 

neurology and headache) and two senior radiologists (HJY 

and JYC, with 21 and 27 years of experience in musculo-

skeletal imaging, respectively). SCH was diagnosed only in 

cases where all of them agreed on the diagnosis.

4. Statistical analysis

Kaplan–Meier survival analysis was performed to estimate 

the cumulative incidence of SCH over time, with an event 

defined as the first confirmed occurrence of SCH. Censor-

ing was defined as the duration from the onset to the last 

follow-up date for those without events and the last MRM 

date for those who achieved resolution in the non-SCH 

group. In patients with SCH, the duration from symptom 

onset to SCH occurrence was measured. As a sensitivity 

analysis, we repeated the Kaplan–Meier analysis using a 

delayed-entry approach, with symptom onset as the un-

derlying time scale and enrollment as the time of entry into 

the risk set. Patients entered the risk set at enrollment and 

remained at risk until SCH occurrence or the censoring 

time defined in the primary analysis.

Cox proportional hazards regression analysis was per-

formed to evaluate the effects of demographic and clinical 

variables on the risk of developing SCH. The results are 

presented as hazard ratios (HRs) with 95% confidence in-

tervals (CIs). The incidence rates were calculated based on 

the total person-years of follow-up. Statistical significance 

was defined as a two-sided p<0.05. All analyses were per-

formed using the R software version 4.3.3.
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RESULTS

1. Baseline characteristics of study participants

Of the 195 registered patients with SIH, 92 with SLEC were 

considered eligible and included in the analysis (Table 

1). The mean age was 40.6±10.7 years, with 39.1% male. 

The mean disease duration from onset to the first visit was 

54.4±63.7 days, and patients underwent 3.8±2.0 MRM fol-

low-ups for 301.8±271.7 days. Included patients received 

an average of 4.6±2.6 EBPs. Brain MRI abnormalities were 

observed in 52 patients (56.5%), most commonly pachy-

meningeal enhancement (32.6%), venous sinus engorge-

ment (32.6%), and subdural hematoma (19.6%). No pa-

tients exhibited spinal cord herniation at baseline.

2. Spinal cord herniation incidence

Among the 92 patients who presented within 1 year of SIH 

onset and had SLEC with suspected type 1 CSF leakage, 8 

(8.7%) developed SCH during the prospective observation 

over 405.5±275.4 days. Baseline spinal MRM was obtained 

at 17, 77, 10, 19, 33, 3, 59, and 8 days after symptom on-

set, respectively, and SCH was first detected on follow-up 

MRM at 328, 547, 145, 71, 174, 34, 78, and 16 days, respec-

tively. Baseline MRM showed no SCH at the subsequently 

affected level in any patient. Seven of the eight cases were 

detected within 1 year and all were detected within 2 years.

The number of at-risk patients progressively decreased 

over time (Figure 2). By 90 days, four SCH events had oc-

curred, resulting in an incidence of 4.9% (95% CI, 0.09%–

9.56%). At 180 days, the cumulative number of SCH events 

increased to six, raising the incidence to 8.2% (95% CI, 

1.60%–14.36%). By day 270, the cumulative number of 

events remained at six. At 1 year, the cumulative number of 

SCH events increased to seven, corresponding to an inci-

dence of 10.3% (95% CI, 2.54%–17.41%). Finally, by 2 years, 

the cumulative number of SCH events reached eight, with 

an incidence of 14.2% (95% CI, 3.23%–23.90%). The overall 

SCH incidence during the study period was 0.092 per per-

son-years, calculated over a total follow-up time of 86.95 

person-years.

In the sensitivity analysis accounting for delayed entry, 

four patients could not contribute to the analysis because 

they underwent EBP on the day of enrollment and SLEC 

resolution was confirmed on post-EBP MRM performed 

the same day, resulting in no post-entry observation time. 

Thus, the analysis included 88 patients and all eight SCH 

events. The estimated cumulative incidence of SCH was 

16.8% (95% CI, 2.9%–28.8%) at 1 year and 20.5% (95% CI, 

5.0%–33.4%) at 2 years.

3. Factors associated with spinal cord herniation

Comparison between patients with and without herniation 

revealed a male predominance in the herniation group 

(87.5% vs. 34.5%, p=0.005) and a shorter interval from 

symptom onset to the first EBP (p=0.016) (Table 2). No sig-

nificant differences were observed in age, follow-up dura-

tion, total number of EBPs, or brain MRI findings between 

the groups. In univariable Cox regression analysis, male 

sex was associated with SCH development (HR, 13.35; 95% 

CI, 1.64–109.00; p=0.016) (Table 3).

4. Clinical and radiologic characteristics of partici-
pants with spinal cord herniation

Among the eight patients who developed SCH, the time 

from symptom onset to initial detection ranged from 16 

to 547 days. Seven patients were identified within the first 

year and the remaining patient between 1 and 2 years. 

SCH was detected after a mean of 3.1±2.36 follow-up 

MRM examinations. None of the patients had neurologi-

Table 1. Demographic and clinical characteristics of the study 
participants 

All (n=92)
Age (yr) 40.6±10.7
Male sex 36 (39.1)
Complete resolution 33 (35.9)
Time from onset to first EBP (day) 28.7±54.8
Total number of EBPs 4.6±2.6
Brain MRI abnormalities 52 (56.5)
  Brain sagging 11 (12.0)
  Pachymeningeal enhancement 30 (32.6)
  Venous sinus engorgement 30 (32.6)
  Pituitary hyperemia 9 (9.8)
  Subdural hygroma 8 (8.7)
  Subdural hematoma 18 (19.6)
  Cerebral venous thrombosis 1 (1.1)

Values are presented as mean±standard deviation or number (%).
EBP, epidural blood patch; MRI, magnetic resonance imaging.
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Table 2. Comparison of baseline characteristics between patients with and without SCH 
SCH (n=8) No SCH (n=84) p-value

Age (yr) 40.3±8.8 40.6±10.9 0.911
Male sex 7 (87.5) 29 (34.5) 0.005
Time from onset to last follow-up (day) 412.1±265.4 404.9±277.9 0.943
Time from onset to first EBP (day) 11.9±11.2 30.3±57.0 0.016
Complete resolution 1 (12.5) 32 (38.1) 0.188
Total number of EBPs 4.9±1.1 4.6±2.7 0.562
Brain MRI abnormalities 3 (37.5) 49 (58.3) 0.288
  Brain sagging 0 (0) 11 (13.1) 0.589
  Pachymeningeal enhancement 3 (37.5) 27 (32.1) 0.713
  Venous sinus engorgement 0 (0) 30 (35.7) 0.050
  Pituitary hyperemia 0 (0) 9 (10.7) 0.594
  Subdural hygroma 0 (0) 8 (9.5) >0.999
  Subdural hematoma 2 (25.0) 16 (19.0) 0.652
  Cerebral venous thrombosis 0 (0) 1 (1.2) >0.999

Values are presented as mean±standard deviation or number (%).
SCH, spinal cord herniation; EBP, epidural blood patch; MRI, magnetic resonance imaging.

Figure 2. Kaplan–Meier curve for spinal cord herniation. The Kaplan–Meier curve estimates the cumulative incidence of spinal cord 
herniation (SCH). The x-axis shows the time in days from symptom onset to SCH development or censoring; “+” marks indicate censor-
ing. Time is shown in 90-day increments to illustrate early SCH development in greater detail. The table beneath the x-axis lists the cu-
mulative number of SCH events, the number of patients at risk, and the incidence. The y-axis shows the cumulative incidence of SCH. 
The gray shading indicates the 95% confidence intervals, which widened as the number of patients at risk decreased, reflecting greater 
variability in the estimate.
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cal symptoms attributable to spinal cord compression or 

irritation at the time of SCH detection. Radiologic findings 

of SCH on MRM and ultrafast dynamic CTM are shown in 

Figures 3 and 4, respectively. Following SCH progression, 

improvement in orthostatic headache was observed in 

three patients (37.5%), reduction in the extent of SLEC in 

four patients (50.0%), and false-negative ultrafast dynam-

ic CTM findings in three patients (37.5%) paradoxically. 

Intraoperative findings demonstrating SCH and the corre-

sponding ventral dural defects are shown in Figure 5.

DISCUSSION

The major findings of the study are as follows. First, to the 

best of our knowledge, this is the first report to document 

the early development of SCH in patients with SIH. Sec-

ond, SCH occurs more frequently and rapidly than previ-

ously expected. Third, early SCH showed distinct clinical 

and radiological features.

This is the first report on the early development of SCH 

in patients with SIH. SCH has been considered a chronic, 

yet rare, complication of SIH. In our cohort of 92 patients 

Table 3. Factors associated with spinal cord herniation
Univariable analysis

Hazard ratio 95% CI p-value
Age 1.01 0.94–1.07 0.887
Male sex 13.35 1.64–109.00 0.016
Total number of EBPs 0.95 0.71–1.26 0.707
Time from onset to first EBP 0.98 0.93–1.02 0.279
Brain MRI abnormalities 0.48 0.11–2.00 0.311
  Brain sagging 0.00 NA 0.998
  Pachymeningeal enhancement 1.48 0.35–6.25 0.592
  Venous sinus engorgement 0.00 NA 0.998
  Pituitary hyperemia 0.00 NA 0.999
  Subdural hygroma 0.00 NA 0.999
  Subdural hematoma 1.77 0.35–9.00 0.490
  Cerebral venous thrombosis 0.00 NA 0.999
CI, confidence interval; EBP, epidural blood patch; MRI, magnetic resonance imaging; NA, not applicable.

Figure 3. Spinal cord herniation on magnetic resonance myelography. (A–C, E, G, H) Axial T2-weighted magnetic resonance myelo-
grams demonstrating spinal cord herniation (arrows). (D, F) Sagittal T2-weighted magnetic resonance myelograms demonstrating spi-
nal cord herniation (arrowheads).
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Figure 4. Spinal cord herniation on ultrafast computed tomography myelography. (A, C–F) Axial ultrafast computed tomography my-
elograms demonstrating spinal cord herniation (arrows). (B, G, H) Sagittal ultrafast computed tomography myelograms demonstrating 
spinal cord herniation (arrowheads).

Figure 5. Intraoperative findings in patients with spinal cord herniation. (A) In a 36-year-old woman, surgery 760 days after symptom 
onset revealed spinal cord herniation (asterisk) through dural tears. (B) In a 48-year-old man, surgery 340 days after symptom onset 
revealed spinal cord herniation (asterisk) through dural tears. (C) In a 33-year-old man, spinal cord herniation (asterisk) through dural 
tears was confirmed intraoperatively 174 days after onset. (D) In a 52-year-old man, surgery 103 days after symptom onset revealed 
spinal cord herniation (asterisk) through dural tears.

who presented within 1 year of SIH onset and had SLEC 

with suspected type 1 CSF leakage, SCH developed in eight 

patients, yielding a cumulative incidence of approximately 

10.3% by 1 year and 14.2% by 2 years. This finding contrasts 

with the only other report on SCH, which was conducted 

by a neurosurgical group in the United States. In that study, 
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only 1 of 1,589 patients with SIH developed SCH over a 20-

year period.4 In a subsequent analysis of 51 patients with 

persistent ventral CSF leaks within 1 year from symptom 

onset and followed up for >1 year without surgery, no cas-

es of SCH were initially identified. However, during long-

term follow-up, SCH eventually developed in two of these 

51 patients, with a reported cumulative incidence of 0% 

at 5 years and 9.4% at 10 years.8,10 By contrast, SCH in our 

study developed within a significantly shorter timeframe, 

with most cases occurring before 2 years.

This discrepancy, particularly the strikingly high inci-

dence rate of SCH in our study, can be explained by the 

differences in clinical settings. In South Korea, the surgical 

treatment of ventral spinal dural defects was almost un-

available before October 2024. As a result, even refractory 

patients requiring surgery were managed with EBPs alone. 

This allowed us to longitudinally observe the clinical 

evolution of refractory persistent ventral CSF leaks. In 

contrast, the only other report on SCH involved a neuro-

surgical group where surgery was actively available. Their 

analysis was limited to patients with ventral dural defects 

who did not undergo surgery, as patients with more severe 

or refractory disease were more likely to receive definitive 

surgical treatment. Consequently, their cohort likely repre-

sented a relatively milder subset of patients.8,10 Moreover, 

in previous studies, surgical treatment was conducted with 

a posterior approach via laminectomy, which may be less 

ideal to detect spinal cord protrusion to the ventral epi-

dural space.12 In contrast, we were able to directly visualize 

and identify SCH more accurately by utilizing anterior 

endoscopic approaches. Another possible explanation is 

that patients underwent multiple MRMs (mean, 5.5±4.68 

times/yr) in our study. Repeated MRM may have increased 

the likelihood of detecting early asymptomatic SCH, which 

may partly explain the earlier and higher observed inci-

dence compared with previous studies. However, repeated 

imaging allowed detection of SCH that might otherwise 

have remained unrecognized with less frequent imaging. 

Thus, serial imaging may facilitate the detection of SCH 

before the development of neurological symptoms. These 

fundamental differences may explain the higher incidence 

of SCH reported in our study.

Several clinical characteristics of early SCH warrant at-

tention. Male sex was associated with SCH development in 

the univariable analysis; however, given the small number 

of events and the resulting imprecision of the estimate, this 

finding should be considered exploratory. Sex-related dif-

ferences in ventral spinal structures, including calcification 

or bony spurs and more repetitive mechanical friction re-

lated to spinal mobility, may potentially influence suscep-

tibility to SCH. Notably, none had neurological symptoms 

attributable to spinal cord compression or irritation at 

the time of SCH detection, suggesting that early SCH may 

remain neurologically silent. In addition, some patients 

exhibited paradoxical clinical or radiological improvement 

following SCH development, including improvement in 

orthostatic headache, reduction in SLEC, or absence of 

detectable CSF leakage on dynamic CTM. These changes 

may represent “pseudo-improvement” resulting from par-

tial obstruction of the dural defect by the herniated spinal 

cord, a phenomenon that is being investigated in greater 

detail in a separate study. Thus, early SCH may remain 

clinically inconspicuous and should not be overlooked, 

particularly in the absence of neurological deficits or when 

manifestations appear to improve.

Our study has several strengths. The limited availability of 

definitive surgical treatment during most of the study period 

provided a unique opportunity to longitudinally observe 

the development of SCH in patients with persistent ventral 

CSF leaks. In addition, prospectively collected clinical data 

and serial spinal imaging enabled characterization of the 

timing of newly developed SCH. However, several limita-

tions should be acknowledged. First, this was a single-center 

tertiary referral cohort specializing in CSF leak disorders. 

Patients referred to our center are likely to represent more 

severe or persistent disease, and the study population was 

further restricted to patients presenting within 1 year of 

symptom onset with SLEC suggestive of a type 1 CSF leak. 

These referral and selection factors may have contributed 

to the relatively high observed incidence of SCH. Therefore, 

the cumulative incidence estimates should be interpreted as 

specific to this selected cohort and should not be generalized 

to the overall SIH population. Second, repeated EBPs during 

follow-up may have influenced the natural course of CSF 

leakage and SCH development. Third, the timing of SCH 

was defined by its first radiological detection. Because im-

aging was performed at discrete follow-up intervals, the true 

onset of SCH may have preceded its radiological diagnosis, 

resulting in uncertainty in time-to-event estimation. Because 

some patients underwent spinal imaging before referral, 
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institutional enrollment did not necessarily represent the 

start of radiological observation. We therefore retained the 

original analysis as the primary descriptive analysis of the 

full cohort. However, including pre-enrollment person-time 

may introduce bias, and the higher estimates obtained in the 

delayed-entry analysis indicate that the absolute cumulative 

incidence estimates depend on the handling of entry time 

and should be interpreted cautiously. In addition, frequent 

MRM follow-up may have introduced ascertainment bias. 

However, more frequent imaging may have facilitated earlier 

detection of asymptomatic SCH, whereas less frequent im-

aging may have resulted in underestimation of its incidence. 

Finally, the small number of SCH cases limited the precision 

of the incidence and risk estimates, particularly the observed 

association with male sex.

CONCLUSION

Among patients presenting within 1 year of symptom onset 

with SLEC suggestive of a type 1 CSF leak, SCH may devel-

op earlier than previously recognized, even in the absence 

of neurological symptoms. Careful surveillance may facil-

itate early detection and appropriate management. How-

ever, the incidence estimate should be interpreted with 

caution when generalizing to the overall SIH population.
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