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Abstract
BACKGROUND
Intracranial hemorrhage after spinal surgery is a rare and devastating complication. 

AIM
To investigate the economic burden, clinical characteristics, risk factors, and mechanisms of intracranial hemorrhage after spinal surgery.

METHODS
A retrospective cohort study was conducted from January 1, 2015, to December 31, 2022. Patients aged ≥ 18 years, who had undergone spinal surgery were included. Intracranial hemorrhage patients were selected after spinal surgery during hospitalization. Based on the type of spinal surgery, patients with intracranial hemorrhage were randomly matched in a 1:5 ratio with control patients without intracranial hemorrhage. The patients' pre-, intra-, and post-operative data and clinical manifestations were recorded.

RESULTS
A total of 24472 patients underwent spinal surgery. Six patients (3 males and 3 females, average age 71.3 years) developed intracranial hemorrhage after posterior spinal fusion procedures, with an incidence of 0.025% (6/24472). The prevailing type of intracranial hemorrhage was cerebellar hemorrhage. Two patients had a poor clinical outcome. Based on the type of surgery, 30 control patients were randomly matched in 1:5 ratio. The intracranial hemorrhage group showed significant differences compared with the control group with regard to age (71.33 ± 7.45 years vs 58.39 ± 8.07 years, P = 0.001), previous history of cerebrovascular disease (50% vs 6.7%, P = 0.024), spinal dura mater injury (50% vs 3.3%, P = 0.010), hospital expenses (RMB 242119.1 ± 87610.0 vs RMB 96290.7 ± 32029.9, P = 0.009), and discharge activity daily living score (40.00 ± 25.88 vs 75.40 ± 18.29, P = 0.019).

CONCLUSION
The incidence of intracranial hemorrhage after spinal surgery was extremely low, with poor clinical outcomes. Patient age, previous stroke history, and dura mater damage were possible risk factors. It is suggested that spinal dura mater injury should be avoided during surgery in high-risk patients. 
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Core Tip: The incidence of intracranial hemorrhage after spinal surgery was 0.025%. This resulted in high economic burden and poor clinical outcomes. Cerebellar hemorrhage was the most common imaging presentation. Age, previous stroke history, and dura mater damage were possible risk factors.

INTRODUCTION
Intracranial hemorrhage after spinal surgery is a rare but disastrous postoperative complication, with poor clinical prognosis[1]. It has a heavy economic and social burden but lacks clinical data in these areas. To date, there have been approximately 100 cases of intracranial hemorrhage after spinal surgery worldwide; however, most of these were case reports[2-6]. Due to the few number of cases, its risk factors and mechanisms are not apparent. Comorbidity, dura matter damage, intracranial pressure imbalance, patient’s surgery positioning, and intra-operative high blood pressure, etc. are possible mechanisms[2-6]. The purpose of this study was to investigate the incidence of intracranial hemorrhage after spinal surgery, the health economic burden of this complication, clinical and imaging manifestations, and the possible risk factors for intracranial hemorrhage. The findings of this study could be beneficial for surgical consultation and optimizing perioperative management of spinal surgery.

MATERIALS AND METHODS
Patient selection
Patient data were retrospectively obtained from a spinal surgery database using the electronic health information system from January 1, 2015, to December 31, 2022. This database included both emergency and elective spinal surgery. Patients with acute spinal trauma accompanied by severe head trauma and intraspinal tumors were excluded from this analysis. All experimental protocols were approved by the Ethics Committee of Beijing Jishuitan Hospital (No. 202004-76).
Postoperative brain hemorrhage after spinal surgery was selected, including intracranial hemorrhage, subarachnoid hemorrhage, cerebellar hemorrhage, epidural hematoma, and subdural hematoma, which were confirmed by computed tomography (CT) and/or magnetic resonance imaging (MRI). Intracranial hemorrhage patients were identified from the database. Based on the same type of spinal surgery, we randomly matched control patients without intracranial hemorrhage in a 5:1 ratio with the intracranial hemorrhage patients, to identify the associated risk factors. 

Patient characteristics
Patients’ demographics, preoperative risk factors, and perioperative drug use (antiplatelet and anticoagulant medicine) were extracted from the database. We recorded health economic data, including length of hospital stay, hospital cost, and activity daily living (ADL) on admission and discharge. Patient’s operative and anesthetic data were collected, including type and duration of spinal surgery, surgical instrument, blood loss, and transfusion, maximum and fluctuation of systolic blood pressure, dura mater damage, subfascial drainage, and duration of intensive care unit (ICU) stay. Laboratory results were recorded. Finally, we recorded the time of intracranial hemorrhage onset, clinical manifestations, CT/MRI imaging, and prognosis, which was evaluated by the modified Rankin Scale (mRS).

Statistical analysis
Levin's variance equivalence test was conducted to determine whether the sample was homogeneous. Based on Levin's variance equivalence test, the T-test test was used to analyze continuous variables (mean ± standard deviation). The Chi-square test was used for categorical variables (%). All reported P values are two-sided. Statistical analyses were performed using SPSS 24.0. Statistical significance was set at P < 0.05.

RESULTS
In total, 24472 patients who underwent spinal surgery from January 1, 2015, to December 31, 2022, were recorded. Six patients (3 males and 3 females, average age 71.3 years) developed intracranial hemorrhage after spinal surgery, with an incidence of 0.025% (6/24472). All six patients underwent posterior spinal fusion procedures (one in the cervical, three in the thoracic, and two in the lumbar site) in the prone position. Anticoagulation or antiplatelet drugs were routinely discontinued preoperatively. Systolic blood pressure was less than 180 mmHg during the operation. Subfascial drainage was placed in all six patients.
The median interval time between spinal surgery and intracranial hemorrhage was 3 h (ranging from 0 to 24 h). The most common symptom of intracranial hemorrhage was consciousness disorder (n = 5), which varied from somnolence to coma. Other symptoms included dysphasia (n = 3), paralysis (n = 2), vomiting (n = 2), dizziness (n = 1), and headache (n = 1). Brain imaging demonstrated cerebellar hemorrhage in three patients, subarachnoid hemorrhage (SAH) in two patients, lobar hemorrhage in two patients, and intraventricular hemorrhage in one patient. One patient underwent cerebellar hematoma evacuation and decompressive craniectomy, one patient underwent digital subtraction angiography (DSA), and the other four patients were treated conservatively. On discharge, two patients were in a vegetative state (33.3%) with poor clinical outcomes.
Based on the same type of surgery, 30 control patients without intracranial hemorrhage were randomly matched in a 5:1 ratio with the six intracranial hemorrhage patients. Intracranial hemorrhage patients had a higher percentage of cerebrovascular disease history (50% vs 6.7%, P = 0.024) and significant dura matter damage during the operation (50% vs 3.3%, P = 0.010) than controls (Tables 1 and 2). There were significant differences in terms of age (71.33 ± 7.45 years vs 58.39 ± 8.07 years, P = 0.001), hospital cost (RMB 242119.1 ± 87610.0 vs 100, 192.4 ± 33, 556.3, P = 0.009), duration of ICU stay (310.18 ± 235.82 h vs 1.26 ± 4.85 h, P = 0. 024) and discharge ADL score (40.00 ± 25.88 vs 75.40 ± 18.29, P = 0.019) between the two groups (Tables 1 and 2). There were no differences in laboratory examinations between the two groups (Table 3).

CASE PRESENTATION
Case 1: A 78-year-old female patient with lumbar spinal stenosis (L4/5) underwent a posterior lumbar fusion procedure. Three hours after the operation, she developed apathy, disorientation, and limb paralysis (0/5) with a National Institute of Health stroke scale (NIHSS) score of 17. Brain CT showed bilateral parietal, frontal lobe hemorrhage, and SAH (Figure 1A). Cerebral amyloid angiopathy (CAA) was diagnosed. Lobar hemorrhage occurred another three times during hospitalization (Figure 1B). On discharge, the patient was transferred to a local hospital in a vegetative state.

Case 2: An 80-year-old female patient with thoracic ossification of the ligamentum flavum (T1-3) underwent a posterior thoracic fusion procedure. Immediately after the procedure, she developed lethargy, aphasia, gaze, quadriplegia (0/5), and neck rigidity with a NIHSS of 34. Brain CT scan demonstrated left intraventricular hemorrhage and SAH (Figure 1C). The patient recovered normally on discharge.

Case 3: A 68-year-old male patient with cervical spinal stenosis (C3-6) underwent a posterior cervical fusion procedure. Twenty-four hours after the operation, he developed drowsiness, vomiting, dysarthria, and left-side ataxia with a NIHSS of 5. Immediate brain CT demonstrated bilateral cerebellar hematoma and SAH (Figure 1D). This patient was discharged with slurred speech.

Case 4: A 74-year-old female patient with thoracic ossification of the ligamentum flavum (T10/11) underwent a posterior thoracic fusion procedure. The dura matter was damaged during the operation and was sutured immediately. Twenty-four hours later, she appeared drowsy, with vomiting, aphasia, and gaze with a NIHSS of 10. Brain CT scan showed right frontal lobe hemorrhage and right cerebellar hematoma (Figure 1E and F). The patient underwent hematoma evacuation and decompressive craniectomy. She was in coma with assisted ventilation. Her family chose to discharge against medical advice.

Case 5: A 68-year-old male was admitted for lumbar spondylolisthesis (L4) and underwent a posterior lumbar fusion procedure. Three hours after surgery, he developed coma, neck rigidity, and quadriplegia (0/5) with a NIHSS of 34. Brain CT showed SAH (Figure 1G). DSA was performed immediately with normal results. Intracranial pneumatosis was found on CT scan seven days later (Figure 1H). This patient was discharged with mild paralysis of the left limb. 

Case 6: A 60-year-old male with thoracic spondylolisthesis (T12/L1) underwent a posterior lumbar fusion procedure. The dura matter was damaged and was sutured during the operation. Twenty-four hours after surgery, he developed headache, dysphasia, and numbness with a NIHSS of 2. Brain CT showed bilateral cerebellum hemorrhage (Figure 1I and J). This patient was discharged with mild dysphasia (Table 4).

DISCUSSION
Intracranial hemorrhage after spinal surgery is a rare complication and its etiology and pathogenesis are unclear. The first reported case was in 1981 by Chadduck[7]. To date, only 100 cases have been published worldwide. Our study comprised a case series of intracranial hemorrhage after spinal surgery in a large Chinese database, with the aim of determining the health economic burden, clinical and imaging manifestations, investigate the associated risk factors, and provide useful information in order to prevent this complication.

Incidence and health economic burden
The incidence of intracranial hemorrhage after spinal surgery in our study was 0.025% (6/24472), which was extremely low. An Egyptian study demonstrated that the incidence of intracranial hemorrhage was 0.066% (8/12185)[1]. A six-year retrospective study in Japan showed that 53 of 167106 (0.03%) patients developed hemorrhagic stroke after spinal surgery[8]. Zhao et al reported that the incidence of subarachnoid hemorrhage after spinal surgery was 0.16% (23/14526) in a single-center study in China[9]. Depending on the patients selected and their medical conditions, the incidence varied from 0.025% to 0.16% in different studies, which further confirmed the rarity of this disease.
In our study, the hospitalization cost of intracranial hemorrhage patients was twice that of the controls. Patients with intracranial hemorrhage after spinal surgery had significantly decreased ADL on discharge, and most patients were transferred to rehabilitation hospitals for further treatment. One-third of patients had poor clinical outcomes. Previous studies also found that nearly 30%-50% of patients with intracranial hemorrhage after spinal surgery had a severe prognosis, which was similar to our findings, and the mortality was 8%-15%[10,11]. Thus, this rare complication results in a heavy economic and caregiver burden to the patients and their families.

Clinical and imaging manifestations
Intracranial hemorrhage after spinal surgery had an acute onset and rapid progression. The median interval time between spinal surgery and intracranial hemorrhage was 3 h, which was shorter than for postoperative ischemia (1-3 d after the operation) in our database. Brockmann et al[11] found that intracranial hemorrhage occurred within 30 h after the operation in 80% of patients. The most frequent clinical manifestations of intracranial hemorrhage were disturbance of consciousness, slurred speech, limb weakness, and vomiting, which were non-specific and easily confused with anesthetics and postoperative pain. It is necessary to pay close attention to the patient's symptoms within 24 h of surgery and perform an imaging examination immediately. 
In our study, cerebellar hemorrhage was prevalent, and most cases were bilateral. The typical manifestation of cerebellar hemorrhage was the “zebra sign” strip, which referred to the bleeding zone on the cerebellum sulcus[12]. This is possibly the venous origin of intracranial bleeding[2,9,10], due to stretching the bridge or supracerebellar veins. 
In Case 5, brain CT scan demonstrated SAH and brain pneumatosis, which was related to occult dura damage, although the patient had no dura impairment in his medical record. The possible underlying mechanisms include: First, the inverted bottle theory, cerebrospinal fluid leakage formed negative pressure in the subarachnoid space, thus leading air into the brain; second, the ball valve theory, the dura damage performs as a one-way valve, inducing air stuck in the intracranial cavity[13-15]. 

Possible risk factors
We found that dura matter damage was a risk factor for intracranial hemorrhage after spinal surgery. Half of the patients had definite or occult dura deficit, which was significantly higher than the controls. Dura damage can induce cerebrospinal fluid (CSF) fistula, which leads to the excessive loss of cerebrospinal fluid, and/or an imbalance of intracranial pressure[16]. It can lead to compensatory dilatation of the venous system and downward brain shift, thus inducing intracranial hemorrhage[1]. Previous studies demonstrated that 60%-93% of intracranial hemorrhage patients had dura matter damage[1,2,17]. Therefore, surgeons must pay close attention to avoid dura tears, and if a tear occurs, they should repair the dura immediately with a waterproof closure. For high-risk dura deficit patients (revision surgery/severe adhesion), it was necessary to monitor the amount and speed of CSF drainage, to avoid a permanent deficit. Some studies showed that fusion instruments, screw pedicle fixation, and intraoperative positioning could also be risk factors for intracranial hemorrhage after spinal surgery; however, this was not found in our study.
Stroke history was another risk factor in our study, which has been proven in several studies[8,18,19]. Patients with previous stroke had poor collateral circulation, vascular stenosis, and/or malformation. It was necessary to obtain detailed information on the previous stroke (etiology and location) and perform a comprehensive cerebrovascular examination preoperatively, including routine blood tests, coagulation tests, brain CT/MR scan, etc. to identify potential vascular stenosis, malformation and microbleeds (T2* sequence)[10,11]. Patients with suspected CAA should be informed about the high risk of intracranial hemorrhage before the operation, and if unnecessary, surgery should be avoided[20]. 
Advancing age is also a well-known risk factor. We speculated that elderly patients may have severe ossification and adhesion of the spine, which increased the difficulty of surgery, and was prone to intra-operative dura mater damage[10]. Numerous studies have demonstrated that advancing age (≥ 65 years) was a key risk factor for postoperative stroke[18,21]. 
There are several limitations in our study. First, the study was retrospective based on medical records with incomplete and omission errors in a single hospital, which could have led to selection bias. Second, brain CT/MRI was not a routine examination after spinal surgery; thus, asymptomatic intracranial hemorrhage could have been missed, and the incidence of intracranial hemorrhage underestimated. Third, intracranial hemorrhage after spinal surgery was an extremely rare complication and the case number was relatively small. However, the entire cohort of spinal surgery patients was large, which could make up for this limitation to some extent. A multicentric and prospective study should be conducted in the future.

CONCLUSION
The incidence of intracranial hemorrhage after spinal surgery was 0.025%. It is a heavy economic and social burden for the patients and their families. Patient age, history of cerebrovascular disease, and dura damage may be risk factors. It might be helpful to perform a detailed cerebral vascular examination preoperatively and avoid dura damage during surgery in high-risk patients to prevent intracranial hemorrhage.

ARTICLE HIGHLIGHTS
Research background
Intracranial hemorrhage after spinal surgery is a rare but disastrous postoperative complication.

Research motivation
To reduce the complication of intracranial hemorrhage after spinal surgery.

Research objectives
This study aimed to investigate the incidence and the health economic burden of intracranial hemorrhage after spinal surgery, clarify clinical and imaging manifestations and possible risk factors.

Research methods
Intracranial hemorrhage patients were selected in this retrospective cohort study. Based on the type of spinal surgery, hemorrhage patients were randomly matched in a 1:5 ratio with control patients. The pre-, intra-, and post-operative associated risk factors were analyzed.

Research results
The incidence of intracranial hemorrhage after spinal surgery was 0.025% (6/24472). Cerebellar hemorrhage was the prevailing type of intracranial hemorrhage. Patient age, previous stroke history, and dura mater damage were possible risk factors.

Research conclusions
Intracranial hemorrhage after spinal surgery was extremely rare, with poor clinical outcomes. It is suggested that spinal dura mater injury should be avoided during surgery in high-risk patients.

Research perspectives
A multicentric and prospective study should be conducted in the future.
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Figure 1 Imaging manifestations of intracranial hemorrhage after spinal surgery. A: Case 1, bilateral parietal and frontal lobe hemorrhage and subarachnoid hemorrhage for the first time; B: Case 1, left parietal and frontal lobar hemorrhage for the second time; C: Case 2, subarachnoid hemorrhage and ventricular hemorrhage; D: Case 3, cerebellar hemorrhage; E-F: Case 4, right frontal lobe hemorrhage and right cerebellar hemorrhage; G: Case 5, subarachnoid hemorrhage; H: Case 5, intracranial pneumatosis; I-J: Case 6, bilateral cerebellar hemorrhage.

Table 1 Demographics and health economics in the two groups, n (%)
	
	Hemorrhage group n = 6
	Control group n = 30
	P value

	Age (yr) 
	71.33 ± 7.45
	58.39 ± 8.07
	0.001a

	Gender (Male)
	3 (50)
	17 (56.7)
	1.000

	BMI (kg/m2)
	27.16 ± 2.17
	26.47 ± 3.72
	0.667

	Hypertension
	5 (83.3)
	15 (60)
	0.169

	Diabetes mellitus
	1 (16.7)
	5 (16.7)
	1.000

	Hyperlipidemia
	1 (16.7)
	3 (10)
	0.535

	Coronary heart disease
	0 (0)
	2 (6.7)
	1.000

	Cerebral vascular disease
	3 (50)
	2 (6.7)
	0.024a

	Smoking 
	2 (33.3)
	3 (10)
	0.186

	Alcohol drinking 
	1 (16.7)
	2 (6.7)
	0.431

	Hospital Cost (RMB)
	242119.1 ± 87610.0
	96290.7 ± 32029.9
	0.009a

	Admission ADL
	78.33 ± 31.73
	90.33 ± 14.50
	0.403

	Discharge ADL
	40.00 ± 25.88
	75.40 ± 18.29
	0.019a

	LOS (d)
	60.17 ± 74.71
	13.27± 3.73
	0.185

	ICU stay (h)
	310.18 ± 235.82
	1.26 ± 4.85
	0.024a


aP < 0.05.
BMI: Body mass index; ADL: Activity daily living; LOS: Length of hospital stay; ICU: Intensive care unit.

Table 2 Analysis of surgery-related risk factors in the two groups, n (%)
	
	Hemorrhage group n = 6
	Control group n = 30
	P value

	Surgery time (min)
	177.50 ± 50.97
	149.67 ± 69.06
	0.357

	Blood loss during surgery (mL)
	433.33 ± 350.24
	327.67 ± 301.94
	0.451

	Max systolic BP (mmHg)
	150.00 ± 22.14
	139.47 ± 27.34
	0.381

	Fluctuating systolic BP (mmHg)
	47.50 ± 16.66
	39.00 ± 17.49
	0.282

	Dura damage
	3 (50.0)
	1 (3.3)
	0.010a

	Fusion instrument
	4 (66.7)
	10 (33.3)
	0.181

	Pedicle screw fixation
	4 (66.7)
	23 (76.7)
	0.627

	Plasma transfusion (mL)
	633.33 ± 898.15
	20.00 ± 109.55
	0.155

	RBC transfusion (U)
	2.00 ± 2.53
	0.20 ± 0.81
	0.143

	Subfascial drainage (mL)
	1804.83 ± 1284.60
	695.33 ± 507.85
	0.088


 aP < 0.05.
BP: Blood pressure; RBC: Red blood cell.

Table 3 Analysis of laboratory examinations in the two groups, n (%)
	
	Hemorrhage group n = 6
	Control group n = 30
	P value

	WBC (109/L)
	6.05 ± 1.18
	6.43 ± 1.60
	0.584

	RBC (1012/L)
	4.72 ± 0.43
	4.75 ± 0.39
	0.852

	HBG (g/L)
	144.33 ± 10.73
	146.23 ± 11.90
	0.720

	PLT (109/L)
	189.83 ± 70.59
	227.70 ± 48.17
	0.113

	HCT (%)
	42.22 ± 3.60
	44.24 ± 8.29
	0.565

	ALT (IU/L)
	19.67 ± 9.73
	21.20 ± 11.78
	0.767

	AST (IU/L)
	19.33 ± 4.72
	21.67 ± 6.40
	0.404

	ALP (IU/L)
	69.83 ± 14.93
	61.63 ± 15.88
	0.252

	GLU (mmol/L)
	5.10 ± 0.49
	5.69 ± 1.18
	0.059

	UREA (mmol/L)
	5.45 ± 1.67
	5.29 ± 1.29
	0.798

	CREA (umol/L)
	67.00 ± 17.75
	62.23 ± 15.00
	0.495

	CHOL (mmol/L)
	4.61 ± 0.75
	5.00 ± 1.01
	0.375

	ESR (mm)
	9.67 ± 7.42
	8.97 ± 8.22
	0.848

	CRP (mg/dL)
	4.62 ± 5.36
	2.58 ± 1.31
	0.396

	PT (s)
	11.70 ± 0.42
	11.35 ± 0.64
	0.204

	PA (%)
	102.98 ± 7.89
	109.86 ± 11.55
	0.175

	INR 
	0.98 ± 0.43
	0.94 ± 0.50
	0.092

	APTT (s)
	26.67 ± 3.12
	25.17 ± 2.51
	0.209

	FIB (mg/dL)
	306.95 ± 67.93
	257.31 ± 68.43
	0.114

	D-dimer
	0.36 ± 0.17
	0.42 ± 0.51
	0.786


WBC: White blood cell; RBC: Red blood cell; HBG: Hemoglobin; PLT: Platelet; HCT: Hematocrit: ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline phosphatase; GLU: Glucose; UREA: Urea nitrogen; CREA: Creatinine; Chol: Cholesterol; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; PT: Prothrombin time; PA: Prothrombin activity; INR: International standardized ratio; APTT: Activated partial thromboplastin time; FIB: Fibrinogen.

Table 4 Clinical information of intracranial hemorrhage patients after spinal surgery
	No
	Gender
	Age
	Comorbidity
	Diagnosis
	Procedure
	Surgery position
	Dura damage
	Pedicle screws
	Fusion instrument
	Clinical manifestations
	Brain imaging
	Treatment
	Outcome (mRS)

	1
	F
	78
	CVD
	Lumber spinal stenosis (L4/5)
	Posterior lumbar spinal fusion, decompression and discectomy
	Prone
	No
	Yes
	Yes
	Apathy, hemiparalysis 0/5. NIHSS 17
	Bilateral parietal and frontal lobe hemorrhage and SAH
	Conservative treatment
	5

	2
	M
	80
	HT
	Ossification of thoracic ligamentum flavum (T1-3) 
	Posterior thoracic spinal fusion, resection of the ligamentum flavum  ossification 
	Prone
	No
	No
	No
	Lethargy, aphasia, gaze, quadriplegia 0/5, neck rigidity. NIHSS 34
	Left intraventricular hemorrhage and SAH
	Conservative treatment
	1

	3
	F
	68
	HT
	Cervical degenerative disc disease (C3-6) 
	Posterior cervical spinal fusion, laminoplasty procedure
	Prone
	No
	Yes
	No
	Drowsiness, vomiting, dysarthria, ataxia. NIHSS 5
	Bilateral cerebellar hematoma and SAH
	Conservative treatment
	3

	4
	F
	74
	CVD, HT, HLP
	Ossification of thoracic ligamentum flavum (T10/11) 
	Posterior thoracic spinal fusion, laminectomy and resection of ligamentum flavum ossification
	Prone
	Yes
	Yes
	Yes
	Drowsy, vomiting, aphasia, gaze. NIHSS 10
	Right frontal lobe hemorrhage and right cerebellar hematoma
	Hematoma evacuation, decompressive craniectomy
	5

	5
	M
	68
	CVD, HT, DM
	Lumber spondylolisthesis L4;  degenerative disc disease (L5/S1)
	Posterior cervical spinal fusion, decompression and discectomy
	Prone
	Yes
	Yes
	Yes
	Coma, neck rigidity, quadriplegia 0/5. NIHSS 34.
	SAH and intracranial pneumatosis
	DSA and conservative treatment
	3

	6
	M
	60
	HT
	Thoracic spondylolisthesis (T12/L1)
	Posterior lumbar fusion procedure, resection of ligamentum flavum ossification
	Prone
	Yes
	Yes
	Yes
	Headache, dysphasia, numbness. NIHSS 2
	Bilateral cerebellum hemorrhage
	Conservative
treatment
	2


HT: Hypertension; HLP: Hyperlipidemia; DM: Diabetes mellitus; CVD: Previous cerebral vascular disease; CHD: Coronary heart disease; NIHSS: National Institute of Health stroke scale; mRS: Modified Rankin Scale; SAH: Subarachnoid hemorrhage; DSA: Digital subtraction angiography.
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