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Background
Literature review
Chronic subdural haematoma (cSDH) is one of the most common neurosurgical conditions and its frequency continues to rise as a result of the aging population and the increasing use of anticoagulation and antiplatelet medications. While there are no established guidelines for its management, symptomatic cSDHs are usually treated with surgical evacuation including twist drill craniostomy, burr hole craniostomy and mini-craniotomy. The reported recurrence rates following surgical evacuation in the literature vary widely from 2% to 37%, with most estimates ranging between 20% and 30%[1, 2]. 
Recent studies have suggested middle meningeal artery (MMA) embolisation to be a potential alternative treatment for cSDH. Numerous case reports and series have demonstrated MMA embolisation as a safe treatment for primary cSDHs or as an adjunct treatment to surgery for recurrent cSDHs[3-12]. Ban et al. 2018 reported the largest prospective study to date consisting of 72 consecutive patients with cSDH, with 27 patients underwent MMA embolisation as primary treatment and the other 45 patients underwent MMA embolisation as an adjunct treatment prior to surgical evacuation. No recurrence was observed amongst the 27 patients who underwent MMA embolisation as sole therapy, while one (2.2%) of the 45 patients in the MMA embolisation and surgery group developed recurrence at 4 months and required redo surgical evacuation. The recurrence rates were significantly lower than the 27.5% observed in the historic control group of 469 patients. Furthermore, Kim et al. 2017 conducted a retrospective study comparing MMA embolisation with redo burr hole evacuation, in 43 patients with recurrent cSDH following an initial burr hole drainage[13]. The recurrence rate in the 20 patients who underwent MMA embolisation was 3.8%, significantly lower than the 33.3% observed in the 23 patients who underwent redo burr hole drainage.
To the best of our knowledge, there are no randomised controlled trials in the literature to compare surgical evacuation of cSDH with MMA embolisation, both as primary treatment and adjunct treatment to surgical evacuation. 
We aim to conduct the first RCT evaluating the efficacy of MMA embolisation as primary treatment with expectant treatment in stable cSDH patients who do not require urgent surgical evacuation on admission. In unstable patients who require urgent surgical evacuation on admission, we aim to evaluate the efficacy of post-operative MMA embolisation when compared to surgical evacuation alone. The primary outcome will be recurrent or residual cSDHs that require surgical evacuation. Secondary outcomes will include procedure-related complications, radiological resolution of cSDH, modified Rankin Scale and hospital length of stay. Patients will be followed up at 6 weeks, 3 months and 6 months with a repeat CT scan. 
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Hypotheses
1. H0: MMA embolisation does not reduce the rate of surgical evacuation in chronic subdural haematoma patients who do not require urgent surgical evacuation on admission

2. H0: In comparison to surgical evacuation alone, the recurrence rate of cSDH remains unchanged following post-operative MMA embolisation in unstable patients who require urgent surgical evacuation on admission


3. H1: MMA embolisation decreases the rate of surgical evacuation in chronic subdural haematoma patients who do not require urgent surgical evacuation on admission

4. H1: In comparison to surgical evacuation alone, the recurrence rate of cSDH is decreased following post-operative MMA embolisation in unstable patients who require urgent surgical evacuation on admission


Aims
1. To determine whether MMA embolisation in stable cSDH patients is associated with a lower rate of surgical evacuation when compared to expectant treatment

2. To determine whether MMA embolisation following surgical evacuation is associated with a lower recurrence rate in unstable cSDH patients when compared to surgical evacuation alone



Project Design
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1. Randomised controlled trial 
a. Stable patients will be randomly allocated to MMA embolisation or observation
b. Unstable patients will receive emergency surgical evacuation and subsequently randomised to receive post-opeartive MMA embolisation or no further treatment
Location
1. The Canberra Hospital
Participants
1. All patients with symptomatic chronic subdural haematoma
2. Inclusion criteria
a. Aged 18 years or above

Primary outcome
1. Symptomatic recurrent/residual subdural haematoma that requires surgical evacuation
Secondary outcomes
1. Radiological resolution of cSDH
a. At 6 weeks, 3 months and 6 months
2. Modified Rankin Scale
a. On admission, on discharge, at 6 weeks, 3months and 6 months
3. Hospital length of stay
4. Procedure-related complications
a. For surgery: infection, wound dehiscence, neurological deficits, seizures DVT/PE, MI and death
b. For embolisation: infection, pseudoaneurysm, retroperitoneal haematoma, allergic reaction to contrast, DVT/PE, MI, death, stroke, intracerebral haemorrhage
Duration
1. Data collection: 18 months (June 2020 – Dec 2021) 

Statistical analysis
1. Stable patients: the anticipated recurrence rate will be 3% in the MMA embolisation group and the anticipated rate of failed conservative management will be 30% in the observation group. The required sample size in each group is estimated to be 28 patients for alpha = 0.05 and power = 80%.
2. Unstable patients: the anticipated recurrence rate will be 3% in the surgery with post-operative MMA embolisation group and 30% in the control group with surgical evacuation alone. The required sample size in each group is estimated to be 28 patients for alpha = 0.05 and power = 80%.
3. Independent T-test will be used to compare the means between different groups.
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