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SDH – (rapidly clotting) blood collection in plane between dura and arachnoid. 

 

 

EPIDEMIOLOGY 

• men : women = 3:1 

• most patients > 70 yrs. 

• more common than EDH. 

 

 

ETIOLOGY 

1. Vigorous head motion (acceleration-deceleration injury*) – may be trivial! 

2. Spontaneous (30% of chronic SDH, i.e. intrinsic susceptibility – prone to recur) 

1) coagulopathies 

2) (occult) CSF leak / CSF shunts causing ventricular decompression (→ stretching of 

bridging veins) and low ICP (intracranial venous congestion – seen on MRI as 

abnormal meningeal enhancement) 

3) intracerebral hemorrhage, ruptured intracranial aneurysm (blood may dissect into 

subdural space, esp. PComA → convexital SDH; distal ACA → parafalcine SDH) 

4) intermittent bleeding from dural AVF (recurrent subdural hematomas) 

5) bleeding from intracranial tumors 

*e.g. falls & assaults (≈ 72% SDH cases!), vehicular trauma 

(only ≈ 24% - automobile absorbs some of energy - so 

deceleration rate is less!), shaken baby syndrome 

SDH is not usually associated with skull fractures*; 

direct impact is not necessary! 

*if skull fracture is present, it is commonly contralateral to SDH 

 

 

PATHOLOGY, PATHOGENESIS 

- movement of brain relative to skull → rupture (via shearing mechanism) of BRIDGING VEINS (cross 

subdural space - run from cortical surface to dural sinus; commonly found along sagittal sinus and 

around anterior tip of temporal lobe). 

– rarely, bleeding source may be cortical artery (hematoma looks more like EDH – lens 

shaped) or oozing brain laceration. 

 

N.B. bleeding is most commonly venous (vs. EDH - arterial) 

 

• as hematoma expands in subdural space, it raises ICP (→ global ischemia) and compresses brain 

(→ regional ischemia → herniation). 

• brain atrophy (e.g. elderly, chronic alcoholism, dementia) predisposes to SDH even after minor 

trauma - brain has additional space for movement, bridging veins are stretched, atrophic brain 

cannot tamponade beginning hematoma; SDH may reach > 100 mL before becoming symptomatic! 

 

LOCATION 

1) along cerebral convexities - most common! (most often frontotemporal). 

2) along interhemispheric fissure and tentorium* (often associated with shaken baby 

syndrome).    *i.e. between occipital lobe and tentorium 

3) posterior fossa (< 1%) - cerebellum undergoes little movement; most SDHs here are 

result of parenchymal cerebellar injury – posterior fossa SDHs have highest mortality! 

• subdural space (unlike epidural space) is not confined by cranial sutures and has no adhesions – 

SDH rapidly spreads along entire hemisphere and into hemispheric fissure, limited only by dural 

reflections at midline / tentorium. 

• bilateral SDHs (≈ 10%) are more common in infants - adhesions in subdural space are absent at 

birth and develop with aging. 

 

CLASSIFICATION 

Acute SDH manifests during first 72 hours; most common type of traumatic intracranial hematoma (5-

30% of severe head injuries; ≈ 1% of mild head injuries) 

• commonly (> 50%) associated with extensive primary brain injury!!! (vs. EDH) - diffuse 

parenchymal injury, contusions, lacerations, intracerebral hematomas - play major role in 

outcome!!! 

• more common in elderly and in infants (both have larger subarachnoid space - allows for 

more movement between brain and dura). 

SDH is more common in very young and elderly (vs. EDH) 

average age of trauma patient without acute SDH - 26 years; 

average age of patient with acute SDH - 41 years. 

• MORTALITY: 

simple SDH (if no other brain injury) ≈ 20%; 

complicated SDH (e.g. with contusions) ≈ 60%. 

GCS 12-15 ≈ 0%; 
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GCS 3-5 ≈ 76%. 

 

Subacute SDH manifests when 3-20 days old (surgical literature favors > 3 days; radiological 

literature favors > 7 days). 

 

Chronic SDH manifests when > 14-20 days old 

• most common after age 50 with apparently insignificant head trauma. 

• most are derived from subdural hygroma; minority develop from untreated acute SDH. 

• commonly associated with cerebral atrophy. 

• risk factors for chronic SDH - elderly with cerebral atrophy, chronic alcoholism, epilepsy, 

bleeding disorders, arachnoid cysts, cardiovascular disease (hypertension, arteriosclerosis). 

• 8.7-32% are BILATERAL. 

• MORTALITY ≈ 5-10%. 

• small SDHs often spontaneously resorb; larger SDHs liquefy (in ≈ 1 week) and form 

encapsulating vascular membranes (fibroblasts grow from dural surface and form thicker 

outer membrane by about 7 days, and thinner inner membrane after 2-3 weeks), rarely 

calcifies. 

– blood in chronic SDH has liquid consistency, typically resembling crank case oil (can 

be drained through burr holes!). 

– membrane consists of many fragile capillaries, intact and lysed RBCs, hemosiderin-

laden macrophages, and granulation tissue. 

– organized hematoma is firmly attached by fibrous tissue to dura and is not at all 

adherent to arachnoid (arachnoid does not contribute to membrane formation). 

• at some point, critical mass is reached (hematoma assumes biconvex shape and becomes 

symptomatic): 

a) bleeding into chronic SDH (small recurrent hemorrhages from thin-walled vessels 

within membrane due to repeated minor trauma); up to 45% chronic SDHs rebleed; 

risk of rebleeding is greatest in first few months. 

b) osmotic swelling – due to blood break down and increased protein content (draws 

water osmotically across subdural membrane → clot enlargement). 

 

 
Dura has been reflected above to reveal bridging veins: 

 
Source of picture: “WebPath - The Internet Pathology Laboratory for Medical Education” (by Edward C. Klatt, MD) >> 

 

 
 
Dura has been reflected back (with small portion visible at lower right) to reveal subdural hematoma: 

 
Source of picture: “WebPath - The Internet Pathology Laboratory for Medical Education” (by Edward C. Klatt, MD) >> 

 
Here is bilateral chronic subdural hematoma; blood clots are brown to tan because of organization: 

http://www.neurosurgeryresident.net/
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http://library.med.utah.edu/WebPath/webpath.html
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Source of picture: “WebPath - The Internet Pathology Laboratory for Medical Education” (by Edward C. Klatt, MD) >> 

 

 
Source of picture: Ramzi S. Cotran “Robbins Pathologic Basis of Disease”, 6th ed. (1999); 

W. B. Saunders Company; ISBN-13: 978-0721673356 >> 

 

 

CLINICAL FEATURES 

A. Clinically silent. 

 

B. Brain compression (slow venous bleeding enables large hematomas to form before clinical signs 

appear) - can progress rapidly or slowly. 

 

Most acute SDHs manifest within 48 hours. 

• ≈ 50% patients are unconscious from time of injury; (SEMI)LUCID INTERVAL is observed in 

30-70 cases. 

• there may be focal signs* (due to prolonged brain tissue compression under hematoma), but 

often clinical manifestations are nonlocalizing (due to ICP↑); later, brain herniation may 

develop. 

*deficits are soft (not as profound as in other hematomas); 

hemianesthesia, hemianopsia are seldom observed (anatomic 

structures are deep and not easily compressed) 

 

In pre-CT era, chronic SDHs earned label "great imitator" because of variable course and 

presentation (sometimes mistaken for dementia, stroke, or brain tumor!). 

• in 25-50% cases, there is no clear history of head trauma. 

• signs or symptoms fluctuate in ≈ 24% cases (mimic TIAs). 

• headache (90%), mild hemiparesis (45-58%), confusion (56%), drowsiness (40-50%), 

personality changes, papilledema, gait dysfunction, seizures are most common presenting 

features. 

N.B. after hematomas have exerted pressure on brain for long time (perhaps year or more), 

removing them does little to improve cognitive function. 

 

NNoonneeppiilleeppttiicc,,  SStteerreeoottyyppiiccaall,,  aanndd  IInntteerrmmiitttteenntt  SSyymmppttoommss  ((NNEESSIISS))  

• NESIS clinically manifests as symptoms lasting > 5 minutes, dysphasia, preserved awareness, 

lack of positive symptomatology (such as clonic movements), lack of response to AEDs. 

• possible pathophysiology – cortical spreading depression or depolarization (CSD) 

(phenomenon similar to seen in SAH-associated vasospasm, stroke, TBI) – first described in 

animals in 1940 by Leão. 

• EEG is negative for ictal or epileptiform discharges*; EEG most commonly shows focal or 

generalized slowing. 

*N.B. scalp EEG has only 70% sensitivity to detect ictal or epileptiform discharges. 

• differentiation from seizures is difficult without EEG; some clinical features are helpful: 

 

 
 

Proposed Scoring System for the Diagnosis of NESIS (before EEG) 

(sensitivity of 96.6%, specificity of 100%) 

 
 

http://www.neurosurgeryresident.net/
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http://library.med.utah.edu/WebPath/webpath.html
http://www.amazon.com/gp/product/0721601871
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• outcomes and mortality are better compared to patients with confirmed epilepsy. 

• treatment 

— CSD in human models have shown potential response to lamotrigine and topiramate; 

— for patients in whom epilepsy is still considered a possibility, topiramate could be an 

interesting first-line option, as it would address both seizures and CSD. 

• GGEENNEESSIISS  ttrriiaall  ((GGeenneerraattiinngg  EEvviiddeennccee  oonn  NNEESSIISS)) is on the way. 

 

 

DIAGNOSIS 

Hemostasis (PT, aPTT, platelet count) 

 

LP (absolutely contraindicated) – xanthochromia, variable number of RBCs. 

 

Noncontrast CT - crescentic collection over hemispheric convexity without extension into depths of 

sulci; can cross suture lines and continue along falx and tentorium (do not cross midline!): 

N.B. blood pressure is less and space is less restricted (vs. EDH) → crescentic shape. 

Acute SDH – hyperdense* (40-90 HU); rarely, can appear isodense: 

a. low hematocrit (anemia) 

b. hyperacute clot (< 1 h old) 

• small hematomas may not be depicted because attenuation similar to adjacent inner table 

of skull (H: wider CT window and level, e.g. 240 and 80 HU). 

Subacute SDH – isodense*; important signs - effacement of cortical sulci, displacement of 

gray matter–white matter junction (‘buckling’); membranes are not vascularized. 

• better visualization - MRI (high signal on T1) or contrast-enhanced CT (opacification 

of cortical vessels - definition of brain margins). 

Chronic SDH – hypodense* (15-30 HU, i.e. isodense to CSF); vascularized membranes 

enhance with contrast. 

*compared to brain. 

Rule of thumb: blood remains denser than brain for 1 week, and is less dense after 3 weeks. 

• underlying brain is flattened (mass effect), and subarachnoid space is often clear. 

absent midline shift - suspect contralateral mass (e.g. ≈ 20% chronic SDHs are bilateral); 

useful sign – ventricular frontal horns lie closer together (‘rabbit’s ear’ configuration). 

excessive midline shift - suspect underlying cerebral edema. 

• in interhemispheric SDH, falx cerebri appears thickened and irregular. 

– interhemispheric SDH may mimic SAH (subarachnoid blood clears after several days; SDH 

remains wedge-shaped, smooth-bordered, hyperattenuating lesion). 

– interhemispheric SDH may spread onto tentorium → characteristic ‘comma shape’ on axial 

CT. 

• posterior fossa SDH does not cross midline or extend above tentorium (vs. EDH). 

• temporal and tentorial SDHs are better detected on coronal MRI (than on axial CT). 

• rebleeding into subacute / chronic SDH makes hematoma biconvex and heterogeneous density 

(mixed old and fresh blood, sedimentation levels) – in general, looks like EDH with heterogeneous 

density. 

Size of extra-axial hematoma is more important factor than whether blood is epidural or 

subdural in location! 

Suspect child abuse! (esp. if posterior interhemispheric & tentorial SDHs) 

• osmotic swelling of chronic SDH makes hematoma biconvex and water density – in general, looks 

like EDH with water density. 

 

MRI is most sensitive imaging test! (esp. in subacute and chronic phase) but CT is usually enough.

 further see p. D51 >> 

• chronic SDH - high signal on T1; membranes have low signal intensities (on T1 and T2). 

 

Absence of clear history of trauma → angiography (search for ruptured aneurysm or dural AV 

fistula). 

• angiographic signs of SDH – avascular zone between skull and brain with away dislocation of 

major vessels. 

 

 
T1 & T2-MRI - bilateral subacute SDHs (increased signal intensity; areas of intermediate intensity represent more acute 

hemorrhage into subacute collections): 

 
 
Skull fracture with adjacent, small acute SDH (window and level values are widened over standard values to aid detection): 

 
 
MRI - subacute SDH with extension into anterior interhemispheric cistern (note that sutures do not contain spread): 

http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/D.%20Diagnostics/D45-59.%20Neuroimaging%20(X-ray,%20CT,%20MRI,%20PET,%20MRS)/D51.%20MRI.pdf#HEMORRHAGE_ON_MRI
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SDH with adjacent SAH due to ruptured MCA aneurysm: 

 
 
SDH due to ruptured right PComA aneurysm: 

 
 
Right frontal subacute SDH; note displaced gray matter–white matter junction, and midline shift: 

 
 
Subacute-on-chronic SDH with blood-fluid level (acute hemorrhage into chronic collection): 

 
 
Acute-on-chronic SDH: 

http://www.neurosurgeryresident.net/
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Source of picture: H. Richard Winn “Youmans Neurological Surgery”, 6th ed. (2011); Saunders; ISBN-13: 978-1416053163 >> 

 
Subacute SDH - less dense than brain but denser than CSF; it is denser posteriorly; midline displacement is greater than 

would be expected from size of lesion - suggests extensive underlying swelling; contralateral (left) ventricle is dilated: 

 
 

Bilateral SDHs, right greater in size than left: 

 
Source of picture: “WebPath - The Internet Pathology Laboratory for Medical Education” (by Edward C. Klatt, MD) >> 
 

Acute SDH: 

 
 

MRI - bilateral SDHs (arrows) with suboccipital extension: 

http://www.neurosurgeryresident.net/
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Interhemispheric acute SDH: 

 
 

Bilateral chronic SDHs; midline shift is absent: 

 
 

Chronic SDH with no mass effect: 

 
 

Bilateral acute-on-chronic SDHs: 

 
 

Acute SDH extending over entire left hemisphere; sedimentation level is seen (patient has clotting dysfunction): 

http://www.neurosurgeryresident.net/
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Source of picture: “WebPath - The Internet Pathology Laboratory for Medical Education” (by Edward C. Klatt, MD) >> 

 
Subacute SDHs: 
A) Noncontrast CT inward displacement of gray-white matter junction of left cerebral hemisphere; small sedimentation 

level is apparent in posterior portion. 

B) Contrast CT at same level as A - good visualization of lateral margin of left cerebral hemisphere (opacified cortical 

veins): 

 
 
Acute and subacute SDHs: 

A. T1-MRI - large fluid collections (white arrows) consistent with large subacute SDHs. 

B. T2-MRI - hyperintense signal (white arrows) representing subacute blood and hypointense signal (black arrows) 

representing more recent hematoma. 

 
 
Calcified SDHs: 

A. In frontal view, bilateral shell-like calcifications form cast of cerebral hemispheres. 

B. In lateral view, outer calcified membranes are near bony skull, and inner membranes are separated from outer by 

relatively clear zones. 

 
 

 

RECURRENT SDH WORKUP 

1) MRI + DWI, CTA – for vascular abnormalities 

2) MRI of spine – for occult CSF leak 

 

http://www.neurosurgeryresident.net/
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TREATMENT 

In all cases, hematoma complete resolution should be documented (conservatively treated acute SDH 

can evolve into chronic SDH). 

 

 

CONSERVATIVE MANAGEMENT 

• surgical drainage is not required in many cases (acute SDH may disappear spontaneously, but may 

evolve into subacute or chronic lesion!) - managed with serial CT and close neurological 

observation in a neurosurgical ICU and then as outpatient. 

• seizure prophylaxis and other measures → see p. TrH1 >> 

• monitor coagulation parameters! 

• platelet transfusion for patient on ASA/Plavix – probably no effect! 
“Reversal of Antiplatelet Therapy May Not Benefit TBI” Congress of Neurological Surgeons 

(CNS) 2013 Annual Meeting. Abstract #164 and #195. Presented October 22, 2013. >> 

 

CHRONIC SDH 

• chronic SDH growth is due to the highly friable nature of the vascularized membrane that forms 

after initial injury. 

 

 

 

1. Chronic SDH can be treated with TRANEXAMIC ACID (TXA) 650-750 mg PO daily for 30 days 

without concomitant surgery; tranexamic acid might simultaneously inhibit fibrinolytic and 

inflammatory (kinin-kallikrein) systems, which might consequently resolve cSDH; some experts 

administer it postop (after bur hole washout) 
J Neurosurg. 2013 Aug;119(2):332-7. doi: 10.3171/2013.3.JNS122162. Epub 2013 May 3. 

Nonsurgical treatment of chronic subdural hematoma with tranexamic acid. 

Kageyama H, Toyooka T, Tsuzuki N, Oka K. 

 

MMeettaa--aannaallyyssiiss  
Basel Musmar et al. Efficacy and safety of tranexamic acid in the management of chronic 

subdural hematoma: a systematic review and meta-analysis. JNS. 05 Apr 2024 

— total of 5 studies, involving 643 patients in the TXA group and 736 patients in the non-TXA 

group. 

— TXA use led to a significantly lower CSDH recurrence (OR 0.35, 95% CI 0.23–0.53; p < 0.01) 

without increasing complications (OR 1.84, 95% CI 0.43–7.95; p = 0.42). 

— TXA users had a significantly lower CSDH volume compared to the non-TXA group at 3-

month follow-up (mean difference −4.56, 95% CI −8.76 to −0.36; p = 0.03). 

 

 

 

2. Steroids: Dr. Okonkwo (UPMC) gives MMEEDDRROOLL  DDOOSSEEPPAAKK; Dr. Day (UAMS) gives 

DDEEXXAAMMEETTHHAASSOONNEE 2 mg q8hrs for 2 weeks, then tapers based on repeat CT findings. 

 

DDeexx--CCSSDDHH  ttrriiaall  
P.J. Hutchinson et al. for the British Neurosurgical Trainee Research Collaborative and Dex-

CSDH Trial Collaborators. Trial of Dexamethasone for Chronic Subdural Hematoma. N Engl J 

Med 2020;383:2616-27. DOI: 10.1056/NEJMoa2020473 

— multicenter (23 sites), randomized, placebo-controlled trial in the United Kingdom 

— adults with symptomatic chronic SDH: 

o 748 patients with mostly operative cSDH 

o mean age 74 years 

o symptoms: headache, gait disturbance, confusion or cognitive decline, limb 

weakness, speech disturbance, decreased consciousness, and seizures. 

o exclusions: glucocorticoids are contraindicated, receiving (or had been 

receiving within 1 month before screening) glucocorticoids on a regular basis,  

cerebrospinal fluid shunt, severe lactose intolerance, psychotic disorders, acute 

SDH. 

o 94% underwent surgery during index admission (decision to operate was 

made by the treating clinician) – trial was unable to statistically explore 

dexamethasone role as an alternative to surgery! 

o groups were similar (e.g. 60% in both groups had a score of 1-3 on the modified 

Rankin scale at admission, 94% in both groups had GCS 13-15). 

— 1:1 randomization ratio: dexamethasone (341 patients) vs. placebo (339 patients). 

Oral dexamethasone 2-week tapering course started within 72 hrs of admission: 8 mg 

bid on days 1 to 3 → 6 mg bid on days 4 to 6 → 4 mg bid on days 7 to 9 → 2 mg bid on 

days 10 to 12 → 2 mg once daily on days 13 and 14. 

Outcomes 

— primary outcome - score of 0-3 (favorable outcome) on the modified Rankin scale at 6 months 

after randomization; favorable outcome was reported: 

83.9% patients in dexamethasone group 

90.3% patients in placebo group 

difference, −6.4 percentage points [95% confidence interval, −11.4 to −1.4] in 

favor of the placebo group (p = 0.01); 

odds ratio for a favorable outcome with dexamethasone was 0.55 (95% CI, 0.33 

to 0.91) in favor of the placebo group (P = 0.02). 

— adverse events: more in the dexamethasone group than in the placebo group. 

Adverse events of special interest: hyperglycemia leading to treatment or 

discontinuation of the trial regimen, new-onset diabetes, hyperosmolar hyperglycemic 

state, new-onset psychosis, peptic ulceration / GI bleeding, upper GI side effects. 

— repeat surgery for recurrence was performed: 

1.7% patients in dexamethasone group  

7.1% patients in placebo group.  

— follow-up imaging was not mandated (trial outcomes did not include imaging results to address 

the possible effect of dexamethasone on the size of chronic subdural hematomas). 

 

Outcome Dexamethasone Placebo 

Favorable outcome 83.9% 90.3% 

Favorable outcome 

in never operated 

patients 

82% 100% 

Adverse events 10.9% 3.2% 

Any infection 6.4% 1.1% 

Repeat surgery 1.7% 7.1% 

 

http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/TrH.%20Head%20trauma/TrH1.%20Head%20Injury%20(GENERAL).pdf
http://www.medscape.com/viewarticle/813420
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DDEECCSSAA  ttrriiaall  
Miah IP ate al, DECSA Collaborators. Dexamethasone versus Surgery for Chronic Subdural 

Hematoma. N Engl J Med. 2023 Jun 15;388(24):2230-2240. 

• Dutch multicenter, open-label, controlled, noninferiority trial: randomly assigned symptomatic 

patients with chronic subdural hematoma in a 1:1 ratio to a 19-day tapering course of 

dexamethasone or to burr-hole drainage. 

• trial was stopped early: dexamethasone was not found to be noninferior to burr-hole drainage 

with respect to functional outcomes and was associated with more complications and a greater 

likelihood of later surgery. 

 

Scores on the Modified Rankin Scale at 3 Months (score of 0 indicates no symptoms, 6 

death) - common odds ratio for a better outcome with dexamethasone than with surgery was 

0.55 (95% confidence interval, 0.34 to 0.90; P = 0.02): 

 
 

 

 

3. EG-1964 (Edge Therapeutics, Inc.) - polymer-based filament that contains APROTININ - pancreatic 

trypsin inhibitor. 

— indicated to prevent rebleeding and reduce the need for blood transfusions 

following cardiac bypass surgery 

— IV administration has serious thrombotic side effects 

— EG-1964 delivers sustained dose of aprotinin over 21-28 days directly to site of 

SDH 

 

 

4. Reports of using the antiangiogenic pharmacological agent BBEEVVAACCIIZZUUMMAABB to treat recurrent cSDH 

following failed primary attempts. 

 

 

 

 HEMATOMA EVACUATION 

ACUTE SDH 

Guidelines “Surgical management of acute subdural hematomas” in Neurosurgery. 2006 Mar;58(3 

Suppl):S16-24 

• indications for ASAP* surgery: also see p. TrH1 >> 

a) acute SDH with a thickness > 10 mm, regardless of the GCS score 

b) midline shift > 5 mm, regardless of the GCS score. 

c) GCS < 9 and GCS decreased between the time of injury and hospital admission by ≥ 2 

points 

d) GCS < 9 and asymmetric or fixed and dilated pupils 

e) GCS < 9 and refractory ICP > 20 mm Hg 

 

N.B. criteria for EDH are slightly different: in EDH, parenchymal injury is absent, so it is 

managed by focal mass effect criteria: evacuate > 15 mm EDH or > 5 mm midline shift or > 30 

mL (also, of course, anisocoria, GCS < 9) 

 

• surgical evacuation using craniotomy ± bone flap removal and duraplasty (vs. in EDH – bone flap 

is almost always replaced). surgery details and tactics - see p. Op320 >> 

 

*delay for 4 hours is a benchmark of neurosurgical care: 

http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/TrH.%20Head%20trauma/TrH1.%20Head%20Injury%20(GENERAL).pdf#Indications_for_surgery
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Seelig et al. (1981) 

 

 
Wilberger et al. (1991) 

 

Wilberger et al. (1991) study also revealed that the appropriate strategies to prevent secondary 

brain injury may be more important than the timing of surgery in determining outcome (i.e. an 

increased focus on how to manage ICP during the interval between injury and surgery). 

 

• after evacuation of traumatic SDH, place EVD, esp. if preop GCS was ≤ 8. 

 

 

 

CHRONIC SDH 

• any coagulopathy must be reversed ASAP. 

• must be surgically evacuated if symptomatic* (+ significant mass effect on imaging): 

*except mild headaches 

A. Burr hole craniostomy (“burr hole washout”) – procedure of choice. see p. Op320 >> 

B. Twist drill craniostomy – at bedside for very sick patient. see p. Op320 >> 

C. Craniotomy – indicated for: 

a) multilocular / calcified SDHs. 

b) burr hole / twist drill drainage failures. 

 

N.B. some experts advocate craniotomy as first choice for cSDH but studies show that all results 

(complications, dispo, recurrences requiring reoperation*, postoperative seizures**, mortality) are 

worse than with BHWO. 

*24% (vs. 6-7% for BHWO) 

**20% (vs. 15% for BHWO) 

 

Postoperatively see p. Op320 >> 

 

 

BBuurrrr  HHoollee  CCrraanniioossttoommyy  vvss..  MMiinniiccrraanniioottoommyy  
Svien HJ and Gelety JE. On the surgical management of encapsulated subdural hematoma. J 

Neurosurgery 1964; 2 1 : 172 – 177. 

 
Meta-analyses have confirmed findings of the paper by Svien and Gelety 

(Weigel et al., 2003; Lega et al., 2009; Mondorf et al., 2009) 

 

 

BBuurrrr  HHoollee  CCrraanniioossttoommyy  vvss..  MMiinniiccrraanniioottoommyy  vvss..  TTwwiisstt  DDrriillll  CCrraanniioossttoommyy  

--  CCOOMMPPAACCTT  [[CCoommppaarriissoonn  ooff  CChhrroonniicc  SSuubbdduurraall  HHeemmaattoommaa  TTrreeaattmmeenntt]]  ttrriiaall  
Duerinck, Johnny et al. Randomized Trial Comparing Burr Hole Craniostomy, Minicraniotomy, 

and Twist Drill Craniostomy for Treatment of Chronic Subdural Hematoma. Neurosurgery: 

August 2022 - Volume 91 - Issue 2 - p 304-311 

• multicenter prospective randomized (1:1:1) trial in Belgium. 

• 245 patients: 79 BHC, 84 MC, 82 TDC. 

• subdural drainage system was kept for at least 48 hours postoperatively. 

• primary end point was reoperation rate; secondary end points - complication rates and outcome. 

 

Results 

• mean duration of surgery was shorter for TDC than for BHC and MC (P < .001). 

Mean duration of surgery was 52.9 minutes for BHC (range 16-160), 68.4 

minutes for MC (range 19-242), and 19.9 minutes (range 2-76) for TDC (P < 

.001). 

• mean hospital stay for the whole study population was 13.3 days and was not significantly 

different between treatment groups. 

• surgical complications were seen in 8.2% of patients (all treatment arms combined; 6.3% for 

BHC, 7.1% for MC, 11.0% for TDC).  

– acute SDH was only seen in the BHC and MC group (2.5% and 2.4%, 

respectively). 

– drain misplacement was the main surgical complication in the TDC 

group (6.1%). 

• reoperation rate was 7.6% for BHC, 13.1% for MC, and 19.5% for TDC (P = .07) - this trend 

toward better results for BHC was not statistically significant in logistic regression analysis. 

– most reoperations (29 of 33) occurred within 30-dayd. 

• good outcome* was 78.5% for BHC, 76.2% for MC, and 69.5% for TDC (P = .4). Logistic 

regression did not reveal the type of intervention to be predictive for outcome.  

*patient did not suffer a major medical or surgical complication, did not require 

reoperation, and did not die as a result of the treatment. 

http://www.neurosurgeryresident.net/
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op320.%20Cranial%20Trauma%20procedures.pdf#BURR_HOLE_WASHOUT
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op320.%20Cranial%20Trauma%20procedures.pdf#BURR_HOLE_WASHOUT
http://www.neurosurgeryresident.net/Op.%20Operative%20Techniques/300-399.%20Cranial/Op320.%20Cranial%20Trauma%20procedures.pdf#Postop_BHWO
https://journals.lww.com/neurosurgery/toc/2022/08000
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N.B. eventual 6-month outcome similar: 

 
 

Conclusions 

• although not reaching statistical significance, BHC offers the lowest recurrence rate combined 

with manageable complication rate. 

• duration of surgery in TDC is significantly shorter, but outcomes seem to be slightly inferior to 

other surgical options. 

TDC could be offered as a first-line treatment because 80% of patients are adequately 

treated (not requiring reoperation) and general anesthesia can be avoided, especially in 

patients with high comorbid status. 

 

 

RRiisskk  ffaaccttoorrss  ffoorr  sseeiizzuurreess  aafftteerr  ssuurrggeerryy  ffoorr  ccSSDDHH  
Pacheco-Barrios et al. Risk Factors Associated With Seizure After Treatment of Chronic 

Subdural Hemorrhage: A Systematic Review and Meta-Analysis. Neurosurgery, Sept 30, 2024.  

• systematic review and meta-analysis of risk factors associated with postoperative seizures – 

included 18 studies. 

• overall frequency of seizures after cSDH was 10% (95% CI 7%-13%, I2 = 93%). 

o frequency of seizure was 15% (95% CI 12%-17%, I2 = 54%) in burr-hole group and 

20% (95% CI 9%-39%, I2 = 65%) for craniotomy group, with no statistically 

significant difference between subgroup (P = .40)  

• use of antiepileptic drugs before surgery did not show any reduction or increment of risk, with 

OR 2.62 95% CI [0.53, 13.06; I2 = 66%] ← evidence with low certainty 

 

 

SSeeiizzuurreess  aafftteerr  ssuurrggeerryy  ffoorr  ccSSDDHH  
Ramirez-Velandia, F et al. (2025). Comparison of Postoperative Seizures Between Burr-Hole 

Evacuation and Craniotomy in Patients With Nonacute Subdural Hematomas: A Bi-Institutional 

Propensity Score–Matched Analysis. Neurosurgery, 96 (1), 122-130. 

• 467 patients with 510 nonacute SDHs underwent 474 procedures, with 242 burr-hole 

evacuations (51.0%) and 232 craniotomies (49.0%). 

• burr-hole evacuations exhibited lower rates of seizures (1.6% vs 11.3%; P = .03) and abnormal 

electroencephalographic findings (0.0% vs 4.8%; P = .03) compared with craniotomies. No 

significant differences were observed in postoperative Glasgow Coma Scale ( P = .77) and 

length of hospital stay ( P = .61). 

• burr-hole evacuation demonstrated significantly lower seizure rates than craniotomy using a 

propensity score-matched analysis controlling for significant variables. 

 

 

Middle Meningeal Artery (MMA) Embolization 

- only for chronic SDH. 

- the goal is eliminating arterial supply to vascularized neomembrane. 

 

ARISE I Consensus Statement on the Management of Chronic Subdural Hematoma 
Kan P et al; ARISE I Academic Industry Roundtable. ARISE I Consensus Statement on the 

Management of Chronic Subdural Hematoma. Stroke. 2024 May;55(5):1438-1448. 

• ARISE (Aneurysm/AVM/cSDH Roundtable Discussion With Industry and Stroke Experts) 

organized a one-and-a-half day meeting and workshop and brought together representatives 

from academia, industry, and government to discuss the most promising approaches to improve 

outcomes for patients with chronic subdural hematoma (cSDH). 

MMA embolization is a potent adjunctive therapy to the standard (surgical and nonsurgical) 

management of neurologically stable cSDH patients in terms of reducing rates of disease recurrence. 

MMAE is not currently indicated to replace surgical therapy for symptomatic patients who require 

surgical management. 

 

 

TECHNIQUE 

Liquids, particles, and coils also have different safety profiles. 

 

PVA particles - able to travel distally within the MMA vasculature and cover a broad anatomic area, 

limiting the chance of new collaterals forming distally (vs. liquid embolics such as Onyx or nBCA 

glue provide more of a “stump” embolization proximally). 

 

• to minimize embolization through visible or unseen dangerous anastomoses such as a dural-

pial, meningo-ophthalmic artery, and squamopetrosal branch of the MMA, embolization from a 

microcatheter positioned above the anterior clinoid process on the lateral image is 

recommended, preferentially from either the frontal (anterior) or parietal (posterior) branches 

of the MMA. 

• liquid embolics offer the highest degree of embolic penetration into distal MMA branches; 

however, they also carry a risk of penetrating into unseen anastomoses and lead to ischemic 

complications (eg, to the ophthalmic artery or pial vessels). 

o If the decision is made to perform liquid embolization with dimethyl sulfoxide/ Onyx 

under conscious sedation, intra-arterial lidocaine administration is needed to ensure 

patient comfort. 

• particles with size >150 μm do not penetrate into unseen anastomoses although they offer less 

penetration. 

o both liquid and particles can reflux into proximal vessels and branches. 

• coils carry no risk of reflux or compromising key anastomoses, but they offer no embolic 

penetration into distal MMA branches. 

 

 

TRIALS 

Landmark trials of MMAE – pending results will likely lead to MMAE to be accepted as the standard 

of care for the management of cSDHs in select patients: 

EEMMBBOOLLIISSEE (Embolization of the Middle Meningeal Artery With ONYX Liquid Embolic System for 

Subacute and Chronic Subdural Hematoma) 

SSTTEEMM (The SQUID Trial for the Embolization of the Middle Meningeal Artery for Treatment of 

Chronic Subdural Hematoma) 

MMAAGGIICC--MMTT (Managing Non-Acute Subdural Hematoma Using Liquid Materials: A Chinese 

Randomized Trial of MMA Treatment) 

 

 

PROGNOSIS 

ACUTE SDH 

http://www.neurosurgeryresident.net/
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Most important prognostic factors: 

1. Concomitant primary brain injury 

2. GCS score 

3. Age (esp. > 40 yrs). 

4. Time from trauma to surgical evacuation of hematoma (esp. > 4 hours) 

 

 

CHRONIC SDH 

After surgical evacuation, subdural hematoma recurs in 5-33% patients. 

Chronic SDH increases mortality 17-fold at 1 year. 

N.B. chronic SDH can serve as a sentinel event similar to hip fractures - patients demonstrate 

48% excess mortality 20 years after cSDH diagnosis. 

• median survival time for cSDH patients is 4.4 years compared with a predicted 6 years based 

on actuarial life tables (hazard ratio, 1.94; P<0.0002). 
Miranda LB, Braxton E, Hobbs J, Quigley MR. Chronic subdural hematoma in the elderly: not a 

benign disease. J Neurosurg. 2011;114:72–76 

 

Mechanisms of recurrence: inflammation, fibrinolysis, and angiogenesis. 

 

 

RRoollee  ooff  aannttiippllaatteelleettss  iinn  cchhrroonniicc  SSDDHH  
Mira Salih et al. Outcome of Chronic Subdural Hematoma Intervention in Patients on Long-Term 

Antiplatelet Therapy—A Propensity Score Matched Analysis. Neurosurgery 93:586–591, 2023 

• antiplatelets: Aspirin, clopidogrel, Pentasa, Cilostazol, Aggrenox. 

• interventions included: open evacuation, MMA embolization, or combination. 

• preop antiplatelet medications (60 matched pairs of patients) did not affect length of 

hospitalization, periprocedural complications, or reintervention rate. 

Surgeons are good at managing reversal and hemostasis? 

• postop resumption of antiplatelet medication (55 matched pairs of patients) (all patients were 

restarted on Aspirin on POD 5-10, none on Plavix) did not affect recurrence rates, 

reintervention rate, disability, clinical improvement. 

Recurrence mechanism is not related to platelet function? Recurrence is not from 

microbleeds but from inflammation (interesting to compare NSAIDs vs Plavix) 

 

 

RRiisskk  ffaaccttoorrss  ffoorr  cchhrroonniicc  SSDDHH  rreeccuurrrreennccee  
Maoki Matsubara et al. Preoperative elevated eosinophils in peripheral blood for prediction of 

postoperative recurrence of chronic subdural hematoma. J Neurosurg 139:708–713, 2023 

• 1 or 2 burr holes → irrigation with normal saline or artificial cerebrospinal fluid (Artcereb 

irrigation and perfusion solution for cerebrospinal surgery, Otsuka Pharmaceutical Factory 

Inc.) → subdural (!) drain for 12-48 hours. 

• 445 patients were followed up postoperatively for at least 3 months or until resolution indicated 

by CSDH disappearance. 

• recurrence of CSDH was observed in 9.3% (symptomatic enlargement on ≥ POD7 requiring 

second surgery). 

• multivariable regression analysis showed independent predictors for CSDH recurrence: 

1) thrombocytopenia (< 100) (adjusted OR [aOR] 5.23, 95% CI 1.85–14.79; p = 0.002) 

2) use of anticoagulant drugs (aOR 2.51, 95% CI 1.17–5.38; p = 0.02) 

3) hematoma volume (10 mL per increase) (aOR 1.08, 95% CI 1.00–1.16; p = 0.04) 

4) eosinophil-rich peripheral blood (≥ 100/µL ← way below official definition of > 450-500 

for “eosinophilia”) tested within 10 days preop (aOR 2.22, 95% CI 1.17–4.23; p = 0.02): 

 
 

o eosinophil count at the time of initial surgery were not different from count at the time 

of recurrence (median [IQR] 118 [39–215]/ µL vs 139 [53–239]/µL, p = 0.44). 

N.B. other study (Davidson 2021) showed the opposite - trend for increased 

eosinophils in the outer membrane to suppress postoperative recurrence of 

CSDH 

o male sex, asthma, and contralateral surgery were significantly associated with 

eosinophil-rich status. 

o possible mechanisms: eosinophils can both express and store VEGF, eosinophils play a 

key role in converting plasminogen to plasmin → fibrinolysis. 

o factors affecting eosinophil counts, such as taking steroids* or antihistamines** or 

having asthma, were not associated with CSDH recurrence. 

*despite the fact that DEX can decrease the level of eosinophils 

in the peripheral blood 

**role of antihistamines is unclear to prevent recurrence 

o other types of WBC were not associated with CSDH recurrence: 

 
vs. other studies (Zhang 2020) reported that neutrophils increased 

and lymphocytes decreased in the peripheral blood of patients 

with CSDH compared with healthy controls. 

 

 

 

 

SDH IN INFANTS 

NEWBORNS 

• SDH was once considered most common intracranial birth injury (but now ↓ with improved 

obstetric care). 

• in majority of cases, bleeding is BILATERAL and located over dorsolateral surfaces of frontal and 

parietal lobes. 

• clinically: seizures, pallor, tense anterior fontanel, rapidly enlarging head, hypotonia, poor Moro 

reflex. 

http://www.neurosurgeryresident.net/
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– may be abnormal at birth (no spontaneous respiration, severe hypotension, seizures, 

retinal hemorrhage). 

– initial manifestation may be generalized seizures within first 6 months of life. 

– acute cases may progress to herniation. 

• diagnosis – ultrasound, CT, funduscopy (50% show retinal or subhyaloid hemorrhages). 

– if SDH interfered with brain growth, skull vault may be thick, with paucity of 

convolutional impressions, and hypertrophy of air cells and paranasal sinuses. 

– calcification streaks / plaques, often parallel to vault, may be visible in capsule of 

chronic SDH. 

• treatment – evacuation through craniotomy. 

 
Ultrasound - left echogenic acute subdural hematoma (H), associated with right subarachnoid anechogenic effusion 

(E). Falx cerebri (arrow) remains straight: 

 
 

 

OLDER INFANTS 

• SDH is most common intracranial lesion in children < 2 years: 

a) shaken baby syndrome!!! (chronic SDH in infants who do not yet walk) 

see p. TrH20 >> 

b) complication of shunt procedures 

c) bleeding disorders. 

• clinically: macrocrania (symmetrical or asymmetrical), tense anterior fontanel, lethargy / 

irritability, seizures, poor feeding, vomiting, failure to thrive. 

• diagnosis – CT, diagnostic subdural tap (should be done bilaterally, even if positive on one side). 

• treatment – repeated daily subdural taps monitored by CT, head circumference measurements. 

– resorption of hematoma must occur over weeks ÷ months. 

– if > 10 taps are done (symptoms persist after 2 wk of daily drainage) → surgical treatment 

(e.g. subdural-peritoneal shunting or subdural-subgaleal shunting for 6 months; 

historically – subtemporal craniectomy – to let fluid drain into pterygoid fossa). 

– removal of membranes was once thought to be important to avoid brain growth restriction, 

but this no longer seems necessary. 

• 25 have some psychomotor retardation. 

 

 
 

 

SUBDURAL TAP 

• anterior fontanelle becomes effectively closed between 9 and 18 months. 

• equipment - sterile prep and drape, gloves, razor, blunt short-beveled spinal needle with stylet (20 

G, 1½ or 2½ inch), manometer, CSF collection tubes, and local anesthesia (if desired). 

• scalp is shaved anterior to ears (over lateral margins of anterior fontanelle). 

• restrain infant by bundling him in sheet; supine, head firmly held by attendant (avoid excessive 

neck flexion). 

• raise skin wheal of local anesthetic at puncture site. 

• insert needle through skin at extreme lateral limit of anterior fontanelle where it meets coronal 

suture (i.e. at least 2-3 cm from midline - to prevent sagittal sinus injury). 

– use ZIGZAG PUNCTURE to prevent later fluid leakage (puncture dislocated skin at right 

angle, then aim needle laterally). 

– dura is entered with sudden "popping" sensation. 

– cerebral cortex is ≈ 1.5 cm from skin surface (attachment of hemostat 5-7 mm from 

beveled end of needle should provide adequate safeguard). 

• remove stylet - subdural fluid is allowed to drain spontaneously (fluid is never aspirated - risk of 

drawing pial vessels into point of needle). 

– only 10-20 mL of subdural fluid should be removed from each side at one time 

(removing larger amounts may precipitate rebleeding or shock). 

– if pial vessel is punctured, bleeding will usually cease spontaneously. 

– pressure is measured with manometer. 

– specimens are collected for Gram staining, culture, cells, glucose, and protein. 

• remove needle → apply pressure → firm sterile dressing → place in sitting position (to prevent 

leakage). 

• repeat on opposite side. 

• continued leakage from puncture site → apply collodion-impregnated cotton fluff over puncture 

wound + elevate head 20-30°. 

 

 

 
 

http://www.neurosurgeryresident.net/
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BIBLIOGRAPHY for ch. “Head Trauma” → follow this LINK >> 
 

 

 

Viktor’s Notes℠ for the Neurosurgery Resident 

Please visit website at www.NeurosurgeryResident.net  
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http://www.neurosurgeryresident.net/TrH.%20Head%20trauma/TrH.%20Bibliography.pdf
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