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Abstract

OBJECTIVE: Acute subdural hematoma (aSDH) is a common pathology encountered in 

neurosurgery. Although most cases are associated with trauma and injuries to draining veins, 

traumatic aSDH from injury to arteries or spontaneous aSDH because of a ruptured intracranial 

aneurysm can occur. For some patients without a clear clinical history, it can be difficult to 

distinguish between these etiologies purely based on radiography. The objective of this research 

was to describe a case series in which imaging was suggestive of the presence of distal cortical 

intracranial aneurysm associated with aSDH, but operative management demonstrated no evidence 

of aneurysm.

METHODS: We retrospectively reviewed 2 patients known to have aSDH with suspicion for 

associated aneurysm between May 2019 and September 2019 at our institution. Data collected 

included demographic, clinical, and operative course, including age, gender, past medical history, 

presenting symptoms, and pre and postoperative imaging.

RESULTS: In 2 patients presenting with aSDH with preoperative radiographic imaging 

suggesting distal middle cerebral artery aneurysms, surgical exploration revealed no aneurysm. 

In both cases, noniatrogenic active arterial bleeding from an injured cortical middle cerebral artery 

branch was identified.
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CONCLUSIONS: Although there are prior reports of arterial aSDH, to our knowledge, this is the 

first to describe the radiographic “ghost aneurysm” sign. It is important for clinicians to be aware 

of this potential misleading radiographic sign, which indicates active extravasation into a spherical 

cast of clot.
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INTRODUCTION

Acute subdural hematoma (aSDH) is a common pathology encountered in neurosurgery, 

often associated with significant morbidity and mortality and occasionally requiring 

emergent craniotomy or craniectomy for evacuation.1,2 Commonly, patients who present 

with aSDH have a history of traumatic injury.1 However, a rare subset of patients can present 

with spontaneous aSDH, without subarachnoid hemorrhage (SAH) or intraparenchymal 

hematoma (IPH), because of a ruptured aneurysm.3,4 Spontaneous aSDH has been observed 

with aneurysms located in the distal middle cerebral artery (MCA),5 the posterior 

communicating artery,6 or distal mycotic aneurysm associated with endocarditis.7 These 

patients commonly present with delayed diagnosis and represent only a small fraction 

of total aSDH.4,8,9 Patients who present with aSDH and a suspicion for a ruptured 

aneurysm typically undergo additional cerebrovascular imaging prior to treatment, including 

computed tomographic angiography (CTA), magnetic resonance angiography, or digital 

subtraction angiography (DSA). If imaging is suggestive of the presence of an aneurysm, 

craniotomy for evacuation of the subdural hematoma, and either simultaneous clipping or 

postdecompression endovascular treatment of the aneurysm, are performed.4,10,11 However, 

there are no previous reports of imaging suggestive of aneurysmal aSDH on CTA or DSA 

with negative operative exploration. In this report, we describe 2 cases in which imaging 

was highly suggestive of the presence of distal cortical intracranial aneurysm associated with 

aSDH, but on operative management, no evidence of aneurysm was found.

METHODS

Our institutional review board determined that human subjects review approval and 

patient consent were not required for this small case series, including deidentified 

patient information, that is appropriately compliant with institutional requirements. We 

retrospectively reviewed the electronic medical record at a single institution for 2 known 

patients in which preoperative imaging suggested distal cortical intracranial aneurysm 

associated with aSDH, but with no evidence of aneurysm found during operative 

intervention. For each patient included, demographic, clinical, and operative data were 

obtained, including age, sex, past medical history, presenting symptoms, and pre- and 

postoperative imaging.

Surgical Technique

Both patients underwent general anesthesia, pinning in a Mayfield skull clamp (Integra 

LifeSciences, Plainsboro Township, New Jersey, USA), with a bump under the ipsilateral 
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shoulder, and a standard reverse question mark incision, with a large frontotempero-

parietal bone flap craniotomy using a high-speed drill. Stealth neuronavigation (Medtronic, 

Minneapolis, Minnesota, USA) was registered preoperatively. Mannitol (1 g/kg) and 

antibiotics were administered. The dura was opened under the microscope in a stellate 

fashion and carefully peeled back over the suspected location of the aneurysm. Clot was 

evacuated with gentle suction and irrigation, and active cortical arterial bleeding was 

coagulated using bipolar cautery. A large piece of DuraGen onlay (Integra LifeSciences) 

was used as duraplasty, the bone flap was replaced using titanium plates and screws, and the 

gale and skin were closed after placement of a subgaleal drain. Patients were observed in the 

intensive care unit overnight, and then in the regular wards.

RESULTS

Case 1

An 87-year-old man on warfarin for atrial fibrillation presented with headache after multiple 

episodes of light-headedness and falls. His past medical history was also notable for 

congestive heart failure, diabetes, and hypertension. On arrival, the patient was afebrile with 

a normal neurologic examination. The patient showed no signs of infection with a normal 

white blood cell count and no history of intravenous drug abuse.

Head computed tomography (CT) revealed a right-sided convexity aSDH with maximum 

thickness of 12.5 and 3 mm of right-to-left midline shift (Figure 1A). CTA revealed a 5 × 6 

× 7 mm saccular aneurysm in the right frontal convexity, immediately adjacent to the aSDH 

(Figure 1B). The patient underwent DSA, which confirmed an aneurysm with opacification 

in the late arterial phase and persistence into the venous phase in the distal M4 MCA 

(posterior parietal branch; Figure 1C–D).

The patient underwent craniotomy for evacuation of aSDH and aneurysm clipping. After 

opening tense dura and evacuating the hematoma carefully under the operative microscope, 

the dura was reflected and a pinhole site of active arterial extravasation from a cortical M4 

branch was encountered, which corresponded to the site of the aneurysm on CTA-guided 

neuronavigation (Video 1; Figure 2). This cortical bleeding was not provoked as it was 

apparent immediately on evacuation of the local clot without any cortical manipulation. 

The artery was coagulated and extensive subarachnoid and sulcal dissection was performed 

without any evidence of aneurysm. This was confirmed with intraoperative ultrasonography 

and intraoperative CTA (Figure 1E). The patient’s postoperative course was uneventful, and 

he was discharged home 2 days later.

Case 2

A 73-year-old man on aspirin and clopidogrel for a recent ischemic cerebrovascular 

accident requiring thrombectomy (without residual deficit), coronary artery disease, and 

prior cardiac stent placement was found unresponsive by family. Head CT revealed a right-

sided convexity aSDH measuring 9 mm in maximum thickness with 4 mm of right-to-left 

midline shift (Figure 3A). The patient was afebrile, and the neurologic examination was 

notable for baseline proximal right lower extremity weakness and mild confusion. The 
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patient had an elevated white blood cell count (16,000), but all blood cultures were negative. 

There was no history of intravenous drug abuse.

Head CTA was obtained due to history of recent stroke, which revealed a 6 × 8 mm cortical 

aneurysm (Figure 3B). A follow-up head CT was obtained 4 hours later, which showed 

significant progression of the aSDH (Figure 3C).

The patient underwent urgent craniotomy after administering platelets. As with case 1, 

tense dura was opened, and the clot was evacuated carefully under the microscope. On 

reflecting the dura, we immediately encountered arterial bleeding from a pinhole in an M4 

branch of MCA (posterior temporal branch), corresponding to the location of the aneurysm 

on neuronavigation. As with case 1, this defect was not iatrogenic and was encountered 

without any cortical manipulation or dissection. The artery was coagulated, and no aneurysm 

or vascular lesion was identified on extensive subarachnoid dissection or intraoperative 

ultrasound. No residual lesion was seen on postoperative CTA (Figure 3D). The patient’s 

postoperative course was uneventful, and he was eventually discharged to a skilled nursing 

facility for further rehabilitation.

DISCUSSION

aSDH is one of the most common neurologic pathologies encountered by the neurosurgeon, 

and can be because of a number of causative factors, including trauma, intracranial 

hypotension, cerebral atrophy, or a ruptured cerebrovascular abnormality (aneurysm, 

arteriovenous malformation, or arteriovenous fistula).7,12–15 In the majority of cases, 

patients present with either a clear spontaneous ictus or traumatic event that either 

leads to arterial injury or the shearing of bridging veins within the subdural space, 

given their variability in wall thickness.16 In rare occasions, subdural hematomas can be 

caused by arterial bleeding due to spontaneous rupture of a cortical artery,17 neoplasm,18 

or hematological abnormality.19,20 Patients with arterial causes of subdural hematoma 

commonly present similarly to those with venous ruptures, reporting headache, nausea, 

vomiting, and changes in mental status.17 In these cases, the presence of any aneurysmal 

dilation of cortical vessels is typically negative on both CTA and DSA. In some cases of 

ruptured intracranial aneurysm, there is aSDH associated with SAH.8,21 However, there are 

several reports of ruptured aneurysms presenting with isolated aSDH in the absence of SAH 

or IPH.5–7,22 Kondziolka et al.22 report 2 cases in which operative management revealed the 

presence of an aneurysm, which was amenable to clip ligation.

In this series, we present 2 cases of patients who presented with aSDH without SAH, 

but with radiographic evidence of cortical aneurysm. In both cases, operative exploration 

revealed no evidence of aneurysm, despite preoperative radiographic evidence. Similar to the 

“swirl sign,” seen on noncontrast head CT with IPH or the “spot sign” seen on CTA with 

IPH,23,24 the “ghost aneurysm” of contrast enhancement on CTA (Figures 1B) represents a 

radiographic correlate to active bleeding into aSDH. Romero et al.25 initially describe this 

phenomenon in a series of 157 patients presenting with aSDH. Thirty of 199 aSDHs (15.1%) 

had evidence of active contrast extravasation, but this included one or more foci of contrast 

pooling, foci of contrast that were discontinuous of neighboring vascular structures (i.e., 
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cortical arteries or veins), and foci of any size or morphology. In this report, we specifically 

describe a single focus of contrast extravasation in a saccular shape, immediately continuous 

with a nearby suspected cortical vascular structure. We contend that this represents active 

extravasation from a distal cortical artery into a partially formed cast of thrombus in the 

shape of a sphere, thus giving the allusion of a ghost aneurysm. Ruptured cortical arteries 

without an underlying aneurysm or cerebrovascular abnormality in the setting of an aSDH 

are rare but have been described.26,27 Interestingly, most of these cases are reported in the 

absence of any definite trauma (i.e., are spontaneous) and in the setting of hypertension. The 

underlying anatomy and mechanisms potentially responsible for this phenomenon have also 

been described; early autopsies of patients with aSDH revealed perpendicular branches from 

cortical arteries directly connecting to the dura mater.26,28 These “twigs” are susceptible 

to being torn during trauma, and thus might explain the pinhole defect we observed in 

the operating room for both cases. Additionally, distal cortical arteries can have focal 

protrusions through the arachnoid with firm adhesions to the dura mater; Drake29 described 

this in 1961 and postulated that even minor traumatic brain injuries in these cases have 

the capacity for tearing an artery, leaving a resultant “tiny rent” in the vessel. Regardless 

of ultimate pathology, the surgeon must be prepared for aneurysmal clip ligation prior to 

opening the dura. CTA-guided neuronavigation is also essential to ensure accurate surgical 

planning. At the time of treatment, the arterial rent associated with the ghost aneurysm—if 

large enough, which was not the case in either patient presented earlier—can either be 

repaired primarily with a single 10–0 suture or coagulated completely to prevent any further 

bleeding. Postoperative management for these patients should be similar to any patient 

that requires craniotomy for a subdural hematoma, with a head CT obtained at a delayed 

time interval (i.e., 6 weeks) to ensure no reaccumulation or rebleeding. Because the culprit 

in ghost aneurysms is a simple rent in a distal cortical artery and the solution usually 

requires complete electrocautery of the defect and associated arterial segment, delayed 

cerebrovascular imaging is not necessary as long as immediate postoperative CTA does not 

reveal any new or persistent intracranial cerebrovascular abnormalities (Table 1).30–34 If a 

primary repair is pursued, a delayed cerebrovascular follow-up study (i.e., CTA at 6 weeks) 

should be obtained to ensure no development of pseudoaneurysm.

CONCLUSIONS

We describe 2 cases of aSDH with ghost aneurysms on preoperative imaging, found to have 

nonaneurysmal distal cortical arterial bleeding during surgical exploration. Surgeons should 

be aware of the possibility of nonaneurysmal pathology in cases of aSDH evacuation. Future 

investigations might aim to 1) quantify the actual rate of this radiographic finding across a 

larger series of aSDH patients, and 2) utilize blood vessel wall imaging to better delineate 

true aneurysms from ghost aneurysms.35
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Abbreviations and Acronyms

aSDH Acute subdural hematoma

CT Computed tomography

CTA Computed tomographic angiography

DSA Digital subtraction angiography

IPH Intraparenchymal hematoma

MCA Middle cerebral artery

SAH Subarachnoid hemorrhage
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Figure 1. 
Case 1. Initial axial noncontrast computed tomography scan demonstrating subdural 

hematoma with local mass effect suggestive of acute hemorrhage (A). Computed 

tomographic angiography (CTA) with contrast demonstrating focal dilation contiguous 

with cortical branch of middle cerebral artery (MCA) in axial cut (B). Digital subtraction 

angiography, left internal carotid injection, transorbital oblique view demonstrating 

aneurysmal dilation (arrow) of the distal M4 segment of the MCA with contrast 

extravasation suggestive of M4 aneurysm rupture (C), with 3D reconstruction of the 

angiogram (D). Postoperative CTA axial cut demonstrating interval removal of subdural 

hematoma and no residual aneurysm (E).
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Figure 2. 
Case 1. Intraoperative image showing the pinhole site of arterial bleeding just prior to 

coagulation. White arrow indicates site of arterial rent.
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Figure 3. 
Case 2. Initial axial noncontrast computed tomography (CT) scan demonstrating subdural 

hematoma (A). Computed tomographic angiography (CTA) with contrast demonstrating 

concern for aneurysmal dilation immediately adjacent to nearby vessel in axial cut (B). 

Follow-up repeat head CT 4 hours later showing progression and enlarging hyperacute 

subdural hematoma and significant midline shift (C). Postoperative CTA confirming no 

residual aneurysm (D).
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Video 1. 
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Table 1.

Comparison of Etiology, Pathophysiology, Radiographic Findings, and Treatment for Ghost, Pseudo, and 

Distal Cortical Aneurysms

Ghost Aneurysm Pseudo Aneurysm Distal Cortical Aneurysm

Etiology and 
pathophysiology

Noniatrogenic distal cortical 
injury, usually a pinhole defect, 

caused by either avulsion of 
a perpendicular branch to dura 

or torsion across a dural 
adhesion. Active extravasation 

into spherical case of clot within 
aSDH. No layers of artery 

surrounding ghost aneurysm.

Partial arterial wall injury (at least of tunica intima) 
due to infection, trauma, surgery, and others.30 As 

a result, aneurysmal dilation occurs either 1) within 
the tunica media and tunica adventitia, 2) within 

the tunica adventitia, 3) without any layer of artery 
(i.e., within soft tissue), or 4) any combination of 

the 3.

Etiology and pathophysiology 
not well understood. 

Usually includes mycotic, 
iatrogenic, and cryptogenic 
aneurysms.31,32 All 3 layers 

of artery comprise the 
aneurysmal dilatation.

Radiographic 
findings

Saccular appearing aneurysmal 
dilatation in the presence 

of aSDH. Diagnostic imaging 
includes CTA and DSA.

Can be saccular or fusiform appearing on imaging. 
Diagnostic imaging includes CTA, MRA, and 
DSA.33 Can be associated with parent vessel 

dissection or stenosis. Usually extracranial or along 
the skull base, but can be intracranial.

Commonly small, saccular 
aneurysms located at 

unusually distal locations 
(i.e., distal MCA or ACA), 

associated with ICH or SAH.32

Treatment Open: Craniotomy for 
evacuation of aSDH and 

coagulation or primary repair of 
arterial rent.

Open: Trapping, excision, or bypass. Rarely 
amenable to microsurgical clipping.

Endovascular: Flow diversion, coil/stent- assisted 
coil embolization, or parent vessel sacrifice. Rarely 

glue or particle embolization.30,33,34

Open: Microsurgical 
clipping. Endovascular: Coil 
embolization or parent vessel 

sacrifice.31,32

aSDH, acute subdural hematoma; CTA, computed tomographic angiography; DSA, digital subtraction angiography; MRA, magnetic resonance 
angiography; MCA, middle cerebral artery; ACA, anterior cerebral artery; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage.
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