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INTRODUCTION

Chronic subdural hematomas (SDHs) are classically described as crescent shape collections 
following the hemispheric convexity caused by venous bleeding from bridging veins and are 
commonly managed through burr-hole evacuation.[24,31,38] A widely maintained view is that 

ABSTRACT
Background: Rare cases of biconvex hematomas splitting the convexity dura mater were reported and 
denominated interdural hematoma (IDH). Due to their rarity, little is known about their radiological 
characteristics, and in most cases, their invasive management with craniotomy and dural membrane excision is 
unnecessary.

Case Description: We report here a case of single burr-hole endoscopic evacuation of an IDH and its complete 
resolution after the 6-month follow-up imaging. e literature review reveals 11 reported cases of IDH. Most 
of them are male and the mean age is 65 years (range 51–90). Most of the reported IDHs were misdiagnosed as 
epidural hematoma or meningioma, and therefore, they have been managed invasively through craniotomy with 
dural excision. Diagnosis of the interdural nature was confirmed macroscopically during surgery in all cases and 
histology was reported for 6 cases. Image analysis found a double dural beak sign and biconvex shape on coronal 
planes, subarachnoid space enlargement at the collection extremities, and irregular thick inner wall as common 
radiological aspects of the IDH.

Conclusion: IDH is a rarely reported and often misdiagnosed dural hematoma subtype. Its invasive treatment 
through craniotomy is likely related to its unknown radiological characteristics. We review and raise awareness 
about potentially unique radiological anatomy that could avoid unnecessary invasive treatment. Moreover, we 
report the first case of endoscopically evacuated IDH with long-term follow-up imaging showing complete 
resolution.
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this occurs in a vascularized bursa-like slit in the subdural 
space.[50] However, evidence indicates that SDH is actually 
formed by the accumulation of blood dissecting through 
the least resistant dural layer, namely, the dural border cell 
layer.[19,20,28] Consequently, if we do not consider the dural 
border cell layer as a unique separate meningeal layer, it 
is reasonable to claim that crescent-shaped SDH is being 
formed in between the layers of the dura mater rather than in 
a subdural space.

In fact, a minority of all diagnosed SDHs have a biconvex 
shape with sometimes a very distinct dural beak and 11 cases 
of such biconvex hematomas were reported in ten publications 
as being strictly encapsulated between the outer periosteal 
and the inner thick meningeal layers of the convexity dura 
mater and named therefore interdural hematoma (IDH) 
[Table  1].[2,4-6,10,13,14,18,21,30,32,41-43,54] In most of these cases, the 
collection was misdiagnosed as an epidural hematoma or 
a meningioma due to its biconvex shape and, therefore, 
managed invasively through a craniotomy with dural 
membrane excisions [Table  1].[5,6,14,18,21,32,42,54] e diagnosis 
of IDH was made intraoperatively after unexpectedly 
finding a dural layer under the skull and visualizing a thick 
opaque inner membrane covering the arachnoid membrane 
confirmed histologically as being of dural origin [Table  1]. 
Altogether, these observations strongly point to the existence 
of a convexity subdural/dural hematoma spectrum. Due to 
the sparse reports in the literature, the radiological semiology 
of the IDH has not yet been established and there is a lack of 
consensus about its optimal surgical management.

Here, we report a case of left convexity IDH that developed 
following a right subfrontal approach for the resection of a 
tuberculum sellae meningioma, successfully treated with 
an endoscopic evacuation. Furthermore, we performed 

a systematic literature review, with the aim to point out 
common radiological features that could lead to better 
identification of this hemorrhagic entity to avoid unneeded 
aggressive management.

MATERIALS AND METHODS

An electronic literature search in PubMed/MEDLINE, Scopus, 
Cochrane, and Embase was conducted. e search was done 
using the term “interdural hematoma.” e literature search 
strategy was designed to identify all articles in the English 
language describing cases of adult patients with IDH or cases 
of biconvex SDH. Moreover, we conducted literature research 
on the subject of SDH using the term “subdural hematoma” 
and “subdural hematoma classification(s).” e reference lists 
in all the identified relevant articles were manually screened 
for additional relevant references.

RESULTS

Case report

e case is a sexagenarian female operated on for a tuberculum 
sellae meningioma via a right frontobasal craniotomy with 
a Simpson grade II resection. e operation was uneventful, 
and the patient was discharged on postoperative day 5 in 
stable condition. On the 3-month follow-up, brain magnetic 
resonance imaging (MRI) revealed a newly formed extra-
axial contralateral left convexity hematoma [Figure 1]. It was 
initially identified as an epidural hematoma by the radiologist; 
however, after carefully reviewing the images, the diagnosis of 
IDH was evoked. Endoscopic burr-hole evacuation of SDH 
was already confirmed in the literature as a safe approach as it 
gives better direct visual control,[11,22] we, therefore, decided to 
use the endoscope for this suspected IDH.

Table 1: Patient, operative, and imaging parameters based on the literature review and both reported cases.

Reference Age 
(years)

Sex Preoperative 
diagnosis

Described 
imaging

Surgical 
technique

Dural membrane 
excision

Reported 
histology

Reported 
follow up

Atkinson et al. 2003[4] 61 Male IDH MRI Burr-hole No No No
Miyajima et al. 2004[32] 79 Male IDH CT Craniotomy Yes Yes No
Eom et al. 2009[14] 79 Male aEDH CT Craniotomy No Yes No
Prieto et al. 2010[42] 67 Female aEDH CT Craniotomy Yes Yes Yes
Baharvahdat et al. 2012[6] 51 Male EDH CT Craniotomy Plasty No Yes
Babayev et al. 2015[5] 61 Male n.a. MRI Craniotomy Plasty No No
Yoo et al. 2016[54] 54 Female saEDH CT/MRI Craniotomy Yes Yes No
Genc et al. 2017 case A[18] 74 Male Meningioma CT/MRI Craniotomy Yes No No
Genc et al. 2017 case B[18] 53 Male Meningioma CT/MRI Craniotomy Yes Yes No
Chen et al. 2018[13] 90 Male CSDH CT/MRI Burr-hole Yes Yes Yes
Iranmehr and Namvar  
2020[21]

57 Male aEDH CT Craniotomy Plasty No No

Our case 58 Female EDH CT/MRI Burr-hole No Yes Yes
IDH: Interdural hematoma, aEDH: Acute epidural hematoma, EDH: Epidural hematoma, saEDH: Subacute epidural hematoma, CSDH: Chronic subdural 
hematoma, n.a.: Not applicable, CT: Computed Tomography, MRI: Magnetic Resonance Imaging
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Imaging characteristics

On the MRI, the collection was localized over the frontoparietal 
convexity and was crossing the sutures like a SDH [Figures 1a 
and b]. It was, however, biconvex on coronal sections and 
enlarging the subarachnoid space at its dural base like an 
epidural hematoma [Figure  1c]. Contrary to the epidural 
and SDH, its inner convexity was irregular on axial images, 
and a dural tail or dural beak was visible both at its base 
rostrally and caudally on coronal images [Figures  1a-d]. 
e outer and inner membranes were enhanced on contrast 
administration indicating an inflammatory wall. e inner wall 
was spontaneously hyperintense on T1 sequences suggesting 
subacute bleeding [Figure 1b]. e content of the collection was 
isointense on T1 and hyperintense on T2 sequences suggesting 
old blood of more than 2–3 weeks [Figures 1a and b].

Surgical details

Although the patient was asymptomatic, due to the size of 
the collection, the midline shift, and its epidural localization, 

Figure  1: Illustrative case no.  1 of interdural hematoma. 
(a) Preoperative T2-weighted axial magnetic resonance imaging 
(MRI); (b) preoperative T1-weighted axial MRI; (c) preoperative T2 
fluid attenuated inversion recovery (FLAIR) coronal MRI showing 
the biconvex lentiform hematoma (white arrow); and (d) 6  months 
postoperative T2 FLAIR coronal MRI showing the complete resolution 
of the collection with a slight residual dural thickening (white arrow). 
Notice the irregular thick inner wall of the hematoma (a). Notice the 
dural thickening at both dural edges (dural beak sign) indicating dural 
splitting and the slight subarachnoid space enlargement (c).

dc

ba

Figure  2: Intracranial, interdural endoscopic pictures taken 
through a single burr-hole, after hematoma evacuation from case 
no. 1. (a) Image showing the dural splitting from the inside of the 
hematoma pocket at the dorsomedial apex (dashed white arrow 
points to the inner dural layer and solid white arrow to the outer 
dural layer). (b) Image of the inner wall after dural biopsy, revealing 
the transparent thin arachnoid membrane (solid white arrow).

ba

we decided to evacuate the collection. With the aid of 
neuronavigation (Medtronic Stealth Navigation), a single 
burr-hole centered on the outer convexity of the hematoma 
was performed. After drilling the bone, an intact dural 
membrane was found excluding its epidural origin. After 
coagulation and incision of the dura, a thin classically looking 
grayish hematoma membrane was identified. Piercing this 
membrane resulted in the outflow of a liquid that had a 
typical chronic blood aspect often described as “motor oil.” 
After rinsing profusely with saline, the cavity was explored 
with the help of the neuroendoscope (Karl Storz). An opaque 
dura-like thick yellowish hemorrhagic membrane was 
observed under direct vision with irregular darker yellowish 
spots smoothly in continuity with all of its walls like a proper 
dural pocket [Figure 2a]. With the help of a micro-blade and 
forceps, an infracentimetric piece of the inner membrane 
was sharply dissected and sent for histopathological analysis 
[Figure 2b]. After widening this incision through the inner 
membrane, a thin transparent membrane with visible 
vessels under it was identified as the arachnoid membrane, 
confirming the interdural anatomical origin of the hematoma 
[Figure 2b].

Histopathological findings

Histopathological examination confirmed the dural origin 
of the sampled tissue piece coming from the thick inner 
membrane of the hematoma. Mature fibroblasts and 
extracellular collagen were visualized [Figure 3].

Follow-up

e 6-month follow-up MRI showed complete resolution 
of the hematoma with no residual collection [Figure  1d]. 
Clinically, the patient was asymptomatic.
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DISCUSSION

We report here a rare case of successfully treated biconvex 
hematoma splitting the convexity dura compatible with an 
IDH. e nomenclature of IDH should be used carefully 
as this diagnosis relies on specific radiological patterns and 
the confirmation that the inner wall of the hematoma is of 
dural origin.[4-6,13,14,18,21,32,42,54] After reviewing the literature, 
we have identified the biconvex shape, the dural beak sign 
on the coronal plane, as well as the irregular thick inner 
wall as potential unique radiological characteristics of 

the IDH [Figure  1]. e IDH is a chimeric radiological 
entity as it is biconvex like the epidural hematoma but 
crosses the suture on the rostrocaudal axis like a SDH. e 
case described, herein, illustrates the important role of 
minimally invasive approaches for the treatment of IDH, 
as opposed to most of the reported IDH cases that were 
managed more invasively through a craniotomy due to the 
misdiagnosis [Table 1].[4-6,13,14,18,21,32,42,54] Unfortunately, the low 
number of reported cases and the lack of follow-up imaging 
precludes the discussion aiming at better recognizing this 
radiological anatomy, understanding the physiopathology, 
and defining optimal surgical management.

Physiopathology

e dura mater has long been considered as an avascular, 
metabolically rather inactive tissue.[1] However, recent 
anatomical observations point to a highly rich arterial supply 
from the meningeal arteries traversing the dural layers from 
superficial to deep layers and anastomosing with a complex 
arteriovenous plexus in the deep dural layers.[1,47] In contrary 
to the general belief, the dura mater at the level of the cranium 
is composed of three layers, the endosteal or periosteal layer, 
the meningeal layer, and the deeply sitting border cell layer 
[Figure  4].[1,19,28,34] All three layers have their respective 
vascular network: the outer, the transitional and the inner 
plexus, and the latter having the densest inner capillary 
network [Figure  4].[47] e dural border cell layer, first 
described by Nabeshima et al.,[34] is composed of flattened 
fibroblasts firmly attached to the most superficial arachnoid 

Figure  3: e histological examination of the inner wall 
showed a dense fibrous tissue, with low cellularity, compatible 
with dura mater (H&E staining: ×10).

Figure 4: Schematic representation of the putative pathophysiological mechanisms leading to the formation of the interdural hematoma. 
Left, schematic illustrating the normal meningeal layer microanatomy including the dural arterial plexus (layer thickness is not scaled). From 
external to internal meningeal layer: the periosteal layer (P), the meningeal layer (M), the dural border cell layer (DBC), and the arachnoid 
barrier cell layer (ABC); middle, illustration of the microanatomical localization of the classic subdural hematoma contained by the DBC; 
Right, the putative mechanism leading to the formation of the IDH through higher pressure blood dissecting more superficially the dural 
layers from the vascularized inner DBC layer. SDH: Subdural hematoma, IDH: Interdural hematoma.
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layer called the barrier cell layer. ese cells are loosely 
attached through tight junctions to the meningeal layer in line 
with its putative role in matching brain size changes during 
life [Figure  4].[17,34,40,46] In 1991, Duane Haines et al. carried 
out electron microscopic and histological investigations of 
the SDH and concluded that the bursa-like subdural space, as 
described before, does not exist and proposed that the SDH 
is actually formed by the accumulation of blood dissecting 
through the least resistance dural layer, namely, the dural 
border cell layer [Figure  4].[19,20,28] Consequently, if we do 
not consider the dural border cell layer as a unique separate 
meningeal layer, it is reasonable to claim that the SDH is 
being formed in between the layers of the dura mater rather 
than in a subdural space [Figure 4].

e precise pathophysiological events leading to the IDH 
and whether the crescent shape hematoma has any link to 
the biconvex IDH remains unknown. e accumulation of 
blood between the border cell and meningeal dural layers 
from ruptured bridging veins traversing the dura is not the 
only mechanism responsible for the formation of the crescent 
shape SDH hematoma.[24,26] Chronic SDH is believed to derive 
from a prolonged interaction between the dural layers and 
leaking cerebrospinal fluid (CSF) into the pachymeninges, 
leading to the hemorrhagic transformation of a hygroma or 
the slow “chronicization” of subdural blood oozing compatible 
with degenerative vascular and inflammatory changes of the 
cerebrovasculature.[24,47] In addition, the chronic healing 
process of a traumatic SDH including inflammatory events, 
neovascularization, neomembrane formation, and volumetric 
growth[13,25,26,35,44,53] may also contribute to this process. An 
intriguing possibility is that dural splitting observed in cases 
of IDH is due to accumulating blood with greater pressure 
continuing toward the superficial periosteal layer, possibly 
following the dural vascular channels [Figure  4].[13,21,30] 
Supporting this hypothesis, we found two articles linking the 
nature of bleeding with the hematoma shape. A  more focal 
shape was associated preferentially with arterial bleeding and 
a crescent-shaped hematoma was more prevalent in cases of 
identified venous bleeding.[29,43] e case of IDH we report 
here gives further support to this idea, since the IDH appeared 
in the span of a few months, in a patient already operated on 
and only lightly symptomatic. us, biconvex IDH hematoma 
may start after a small rapid high-pressure arterial bleeding 
splitting a possibly inflamed/injured dura directly between the 
periosteal and meningeal layers or forms from the dissection 
starting at the dural border cell layer to more superficial layers 
[Figure 4]. It is therefore plausible that the IDH takes first the 
form of a crescent shape SDH before accumulating bleeding 
shapes out of the biconvex aspect of the IDH by putting the 
meningeal dura under tension [Figure 4].

It is of interest to note that a meningeal space between the 
meningeal and periosteal dura, named the interperiosteo-

dural space, part of the extradural neural axis compartment 
was anatomically demonstrated at the level of the cavernous 
sinus and its continuity toward the foramen magnum, at 
the dural folds of the jugular foramen, and the level of the 
falx cerebri.[7,9,15,51] A few reports suggest the existence of 
a transdural passage, and absorption of CSF is observed 
at the level of the falx cerebri and tentorium.[28,51] is 
could explain the high physiological prevalence of CSF in 
subdural collections. In addition, middle meningeal artery 
embolization leading to hematoma resolution suggests 
the existence of not yet identified transdural resorption 
pathways.[47] Whether such interdural space may variably 
exist among the population at the level of the convexity dura, 
participating in the formation of the IDH remains to be 
demonstrated.

Radioanatomical characteristics

As IDH is a rare and most likely underdiagnosed entity, its 
radiological features are undefined. Small IDH takes rather 
the form of the described “Chinese dumpling,” while the more 
extended frontoparietal convexity IDH as reported by Chen 
et al. and including our case could be described as uniquely 
chimeric.[13] Indeed, on coronal images, they have a biconvex 
shape similar to an epidural hematoma, but they cross the 
cranial sutures like a SDH on axial images [Figure  1]. On 
the other hand, they have unique characteristics including 
an irregular inner convexity thick wall easily visualized 
on axial images and a very distinct dural thickening or 
double dural beak sign mostly visible on coronal planes 
indicating dural splitting [Figure  1]. Moreover, contrary 
to classic SDHs, they enlarge the subarachnoid space on 
their borders as they push the brain at their convexity away 
from the arachnoid membrane still attached to the dura 
by putting the dura under tension similarly to the epidural 
hematoma instead of smoothly following the convexity 
surface like a classic subdural collection would do [Figure 1]. 
ese radioanatomical characteristics strongly support the 
interdural layer anatomical localization of the hematoma. e 
aforementioned radiological characteristics were confirmed 
on most MRIs in those cases where additional imaging was 
performed.[4-6,13,14,18,21,32,35,42]

Attempts were made to subclassify chronic SDH based on its 
internal radiological anatomy and volumetry at the moment 
of diagnosis and during its aging with the aim to define 
predicting factors of its recurrence, among them the Oslo 
Grading System.[3,8,35-37,48] Radioanatomical analysis of the 
shape of the SDH was however rarely reported or analyzed 
and likely explains also why biconvex SDHs and among them, 
IDH are rarely recognized or reported.[29,43] In addition, some 
of the previously reported cases and the case of the present 
work were spotted incidentally on an MRI scan on which 
the radioanatomical characteristics of the IDH are better 
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defined in comparison to multiplanar computed tomography 
(CT) scan which remains the gold standard imaging for 
SDH. Finally, the dural beak sign, probably the most specific 
radiological characteristic of IDH, is not very defined on CT 
scan, also likely accounting for the low number of reported 
cases of IDH.

Surgical management

e optimal surgical management of IDHs is unknown. 
Likely related to its biconvex shape, more than half of 
the reported IDH cases, especially the small ones putting 
the dural layers under tension, were misdiagnosed as an 
epidural hematoma or a solid tumor and, therefore, managed 
invasively through a craniotomy [Table 1].[5,6,14,18,21,32,42,54] Only 
three cases including the one reported here were managed 
surgically through burr holes [Table 1].[4,13] Compared to the 
classic SDH, its propensity for recurrence is unknown and, 
in most cases, an invasive dural resection or dural membrane 
suturing was performed with the aim to reduce recurrence 
[Table  1].[4-6,13,14,18,21,32,42,54] Dural suturing was performed in 
three cases and dural wall excision was performed in five cases 
[Table 1]. e case reported by Chen et al. is an example of 
the utilization of such a dural resection resolving a recurrent 
IDH.[13] However, similarly to chronic SDH for which 
membranectomy is debated, no conclusion can be made on 
the necessity of such an aggressive surgical management as 
for most of the IDH cases less than half of them reported 
postoperative imaging and outcome [Table 1].[23,45,52] For the 
case reported here, we observed a complete resolution at the 
6-month follow-up after endoscopic assisted single burr-hole 
evacuation with complete brain re-expansion [Figure  1c]. 
Evacuating the proinflammatory blood collection strictly 
encapsulated in the pachymeninges certainly could promote 
both vascularized dural layers to rapidly fuse again and 
account for its complete resolution after a few months. In 
comparison, complete resolution of chronic SDHs and 
brain re-expansion are reported to take several months 
to a year.[12,39] is difference could also be related to the 
prolonged contact between the proinflammatory blood and 
the dural border cell – arachnoid barrier cell junction leading 
to dural border cell proliferation, neovascularizations, and 
solidification of these membranes slowing down brain re-
expansion in cases of chronic SDH formed in between the 
dural border cell layer.[13,16,17,27,46,49]

CONCLUSION

e evident radioanatomical heterogeneity in the shape 
of the SDH argues against its simple monotype definition. 
Accumulating observations strongly suggest the existence of 
a convexity “dural” hematoma spectrum based on its shape, 
likely related to the amount of dural splitting caused by the 
hematoma. Early laboratory SDH models pointed out the 

splitting of the dural border cell layer as a pathophysiological 
mechanism for the crescent shape SDH.[17,19,46,47,33] In addition, 
recent evidence showing the existence of blood collections 
splitting the convexity dura and having unique radiological 
anatomy strongly supports the existence of an IDH differing 
from the crescent shape SDH.[4-6,13,14,18,21,32,42,54] IDH is likely 
formed when bleeding from a dural vascular plexus splits the 
dura more superficially in two distinct thick layers progressively 
putting under tension the meningeal dural layer shaping out 
a biconvex hematoma [Figure  4].[13,21,30] IDH should be kept 
in the differential diagnosis in cases of convexity collection 
combining a thick irregular inner wall on axial images 
with subarachnoid space enlargement at its anterior and 
posterior apex, and biconvex shape associated with a double 
dural beak sign on coronal images [Figure  1]. Endoscopic 
single burr-  or two burr-hole craniostomy evacuations of 
IDH is a safe procedure and it is associated with rapid and 
complete resolution in a few months. is rapid postoperative 
resolution of the IDH may be related to its encapsulated 
localization between the thick meningeal and periosteal dural 
layers keeping it from triggering inflammatory responses 
in contact with the dural border cell layer avoiding osmotic 
volumetric growth and neovascularization characterizing 
chronic recurrent SDHs. Raising awareness about the unique 
radiological anatomy of the IDH will help to better identify 
it and to better understand its nature and prognosis in case 
of surgery. Future studies exploring the prevalence of the 
biconvex dural hematoma, putatively compatible with an IDH, 
would bring additional insights.
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