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Abstract
Background: Spontaneous intracranial hypotension (SIH) combined with subarachnoid hemorrhage
(SAH) has rarely been reported. Herein, we report two patients with SIH who suffered from diffuse nonaneurysmal SAH and expanded the symptom spectrum of SIH.
Case report: ① A 55-year-old male was diagnosed with SIH based on orthostatic headache and diffuse
pachymeningeal enhancement on brain MRI. One more month later, his headache was exacerbated, and
brain CT showed diffuse SAH. Lumber puncture showed bloody CSF with a low CSF pressure of 20
mmH2O after a 30 ml intrathecal injection of saline. The patient was treated with a lumbar epidural blood
patch and recovered. ② A 41-year-old male presented with orthostatic headache and nuchal pain. The
brain CT scan confirmed the diagnosis of SAH. Brain MRI revealed diffuse dural thickening and bilateral
frontoparietal subdural fluid collection. Lumber puncture showed bloody CSF with low CSF pressure.
Then, an epidural blood patch was performed with satisfactory results.
Conclusion: Dilation and rupture of intracranial venous structures might play significant roles in SIH
combined with SAH. We should be alert to SIH patients who develop a new persistent severe headache
without relief after lying down or a suddenly changed state of consciousness.

Introduction
Spontaneous intracranial hypotension (SIH) is caused by spontaneous spinal cerebrospinal fluid (CSF)
leaks, often at the spinal level and only rarely from the skull base [1]. SIH can lead to some complications,
including subdural fluid collections, enhancement of the pachymeninges, engorgement of venous
structures, pituitary hyperemia, and sagging of the brain [2]. However, complications, like subarachnoid
hemorrhage (SAH), have rarely been reported. Herein, we report two cases in which SAH was caused by
SIH and review the available literature that covers other reported cases, with the aim to expand the
spectrum of SIH complications and discuss the underlying mechanism.

Case Report
Patient 1
A 55-year-old male suffered from orthostatic headache on the parietal and occipital areas on November
28th, 2019. Brain magnetic resonance imaging (MRI) with gadolinium showed diffuse pachymeningeal
enhancement (Fig. 1a), and cervical MRI revealed a CSF leak on the atlantoaxial level (Fig. 1b) on
December 12th. Then, the patient was diagnosed with SIH and treated with hyperhidratation and bed rest
for 1 week in a local hospital, and the headache slightly improved. However, a new type of severe and
persistent headache developed, accompanied by vomiting on January 9th, 2020, which led him to our
hospital for further examinations. The first neurological evaluation revealed nuchal rigidity. Computed
tomography (CT) angiography revealed no aneurysms or arteriovenous malformations, whereas brain CT
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showed diffuse SAH (Fig. 1c). Lumbar puncture was performed on January 13th. First, we successfully
performed a puncture at the L4-5 level and obtained bloody CSF, but the CSF pressure could not be
measured; furthermore, the Queckenstedt-Stookey test was positive. For confirmation, we successfully
reperformed the puncture at the L3-4 level, and the open pressure of the bloody CSF was 20 mmH2O after
a 30 ml intrathecal injection of saline with a positive Queckenstedt-Stookey test. Thus, the patient was
diagnosed with SAH secondary to SIH and treated with nimodipine, an intravenous saline solution and an
epidural blood patch (EBP) with 10 ml autologous blood injected at the C1–2 level on January 16th. On
January 19th, another lumbar puncture was performed showing that the pressure of the CSF was 75
mmH2O, and his brain CT was normal at discharge (Fig. 1d).
Patient 2
A previously healthy 41-year-old male with a 25-year history of smoking and drinking experienced a
sudden onset of orthostatic cervical pain during sleep without headache, nausea or vomiting on May
16th, 2019. The patient was treated by a local hospital in a conservative manner with bed rest and
painkillers, which provided limited benefits. On June 17th, the patient reported aggravation of the cervical
pain and persistent bilateral headache in an upright position with mild nausea. Therefore, he was referred
to our hospital for further evaluation. His neurological evaluation revealed nuchal rigidity and a positive
meningeal irritation sign. The brain CT scan showed diffuse SAH (Fig. 2a). We performed a lumbar
puncture on June 18, in which the open pressure was 60 mmH2O, and the nearly uniform bloody CSF
collected in three tubes was consistent with SAH. The total cell count was 25059×106/L (normal: 0–
20×106/L). Brain and cervical MRI images showed dural thickening, bilateral frontoparietal subdural fluid
collection (Fig. 2b) and CSF leakage at the C1-2 level (Fig. 2c). On June 24th, cerebral digital subtraction
angiography (DSA) showed normal cerebral blood vessels without any aneurysmal malformation. The
patient was treated with nimodipine, intravenous saline solution and EBP with 15 ml autologous blood
injected at the C1–2 level on July 1st. After the procedure, his headache rapidly improved. He was
asymptomatic at discharge.

Discussion
The common abnormalities of intracranial hypotension or CSF volume depletion, such as subdural fluid
collections, meningeal enhancement, engorgement of venous structures, pituitary hyperemia and sagging
of the brain [2], are based on the Monro–Kellie hypothesis, which indicates that the sum of the volumes
of the brain, CSF, and intracranial blood is constant [3]. However, the clinical features of SIH are more
variable, and the relationship between SAH and SIH is increasingly being investigated.
SIH may mimic SAH in clinical symptoms, radiological features and CSF findings. Approximately 14% of
SIH patients suffered from thunderclap headache [4], CSF xanthochromia could also be observed in SIH
[5, 6], and increased attenuation on CT was interpreted as a pseudo-SAH [7]. These abovementioned
manifestations are easy to misdiagnose as SAH.
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We presented two cases of clearly diagnosed non-aneurysmal SAH with clinical features of nuchal
rigidity and meningeal irritation signs, the CT scans showed diffuse SAH, and lumber puncture revealed
bloody CSF with low intracranial pressure, which is an uncommon complication secondary to SIH. In our
cases, the duration between SAH and SIH was short, and bloody CSF was obtained immediately after
SAH, implicating a closer relationship between SAH and SIH.
In the literature, there are 5 other cases in four studies of SAH secondary to SIH (Tab. 1) [8-11]. Tomokiyo
et al reported the first case of SAH associated with SIH in Japan [8]. The patient complained of an
orthostatic headache in January 2001 and presented with a sudden onset of severe nuchal pain 4
months later (on May 19th). On May 28th, a lumber puncture was performed, showing xanthochromic
CSF with hypotension. Although the SAH appeared in the setting of SIH, the slightly prolonged duration
and xanthochromic CSF are not sufficient evidence. Two other patients were accompanied by cortical
venous thrombosis (CVT) [9, 10]. Schievink et al reported two cases of unresponsive patients with a long
history of CSF leak diagnosed with SAH [11].
We speculate that the main reason for SAH secondary to SIH stems from an intravenous source for the
following reasons: the patients’ clinical performance did not have serious consequences, the CSF
pressure was still below the normal range for SAH, the CT scans demonstrated a relatively low bleeding
volume and no aneurysms were observed in the cerebral vascular angiographies, which is not very similar
to the signs of artery-related SAH. Some articles speculated that as the CSF volume decreases, the
intracranial venous structures dilate, and the venous blood flow velocity slows down, resulting in venous
thrombosis being limited to a single cortical vein. Thus, SAH was induced by damage to the vessel wall
due to blood and pressure accumulating backwards in the subarachnoid segment of the cortical vein [9,
10]. Even though venous thrombosis was not found in our two cases, we speculate that SIH might
mechanically lead to congestive intracranial veins, which in turn rupture the cortical veins, basilar plexus
or bridging veins, finally resulting in SAH.
In conclusion, special attention should be paid to orthostatic headache in patients with SAH-like CT
scans. Moreover, we should be more vigilant about noting SIH patients’ clinical features, such as a new
persistent severe headache or a suddenly changed state of consciousness during a therapeutic
procedure.
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Figure 1
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Sagittal T2-weighted MRI showing a CSF leakage on the C1-2 level ((a), arrow), MRI image showing
diffuse pachymeningal enhancement (b); CT scan showing diffuse SAH (c) and normal image at
discharge (d)

Figure 4
CT scan showing diffuse SAH (a); MRI image showing diffuse dura thickening and bilateral frontoparietal
subdural fluid collection (b); Sagittal T2-weighted MRI showing a CSF leakage on the C1-2 level ((c),
arrow).
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