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Ossification of Cranial Epidural Hematomas: A Systematic
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Abstract

The presence of a calcified or ossified chronic cranial epidural hematoma (EDH) is rare and has been described in
only a few case reports in the literature. Consequently, clear treatment strategies remain elusive and may entail
conservative and surgical approaches. In this study, we performed a systematic review of reported cases to
evaluate the clinical course and treatment options for these patients. A comprehensive systematic search of two
databases was performed, and information on patient characteristics, symptomatology, and treatment was
extracted from eligible articles. A total of 56 cases were included in our analyses. Forty patients were male,
16 were female, with an average age of 2138 years at the time of diagnosis. Assumed etiology was previous
trauma in 35 cases, previous cranial surgery in 17 patients, and birth trauma and epidural bleeding after the
utilization of the Mayfield clamp in 1 case each. The origin remained unclear in two cases. The time between
trauma or surgery and diagnostics ranged between one and a half weeks and 50 years, with a median of 4 years
(SD 9.8 years). The symptoms were very heterogeneous, ranging from acute neurological deterioration to chronic
symptoms. In 15 cases, patients were asymptomatic, and cranial imaging was performed as part of a new trauma
or a screening for other disease. Forty-one patients received surgical treatment by craniotomy and hematoma
evacuation, and 13 patients were treated conservatively. In two cases, the liquid hematoma portion was aspirated
through a burr hole. The localization of calcified or ossified EDH was mainly supratentorial. Young male patients
most commonly present with calcified or ossified EDH after trauma, according to the epidemiological trend of
acute EDH. Clinical presentation varies from asymptomatic to severe neurological deficits and signs of increased
intracranial pressure. There is no standardized treatment; decisions must be made on an individual basis.
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Introduction

Calcified or ossified cranial epidural hematomas (OCEHs)
are rare and have been described in only a few case
reports in the literature, typically in children."?
Intuitively, this ossification is believed to represent
an evolution of chronic and untreated epidural hem-
atomas (EDHs). However, it is unclear if OCEH
occur due to the progression of smaller hematomas
managed conservatively, undiagnosed hematomas,
or other causes. Given their rare occurrence, there
are no specific management guidelines, and treat-
ment strategies may range from conservative treat-
ment to surgical intervention.’

Acute epidural hematomas (aEDHs) occur in 2% of
all head injuries and up to 15% of all severe cranial
trauma in adults.” In the pediatric population, aEDH
represents 2-3% of all head injuries, with a mean age
between 6 and 10 years, and it is rare among infants
under the age of 12 months.*> Mortality has been
reported to be around 5% in children and between 7
and 12.5% in adults.® The origin of bleeding is typi-
cally due to disruption of the middle meningeal artery
and its branches or venous rupture and, therefore,
can result in rapid neurological decline (unconscious-
ness) due to a mass effect, with possible transient peri-
ods of neurological recovery (consciousness) due to
cerebral perfusion pressure adaptation, referred to as
lucid intervals.” Due to anatomical characteristics,
particularly tight adherence of the dura mater to the
inner table of the skull, aEDHs are considered to be
less common in children or elderly.?

Treatment of aEDH can range from conservative
management to neurosurgical emergencies, depend-
ing on the clinical presentation. In adults, general
guidelines recommend surgical treatment in cases of
a hematoma volume greater than 30 ml, regardless
of the Glasgow Coma Scale (GCS) score or GCS <9,
with pupillary abnormalities such as anisocoria inde-
pendent from volume. Asymptomatic patients can
be observed but require surveillance with or without
control imaging.” However, in children, the clinical
course is more gradual, and an associated skull frac-
ture is rare.* Furthermore, due to a more nonspecific
clinical presentation, they can present a diagnostic
challenge and may remain undiagnosed in some
cases.*

The precise mechanism of the osseus transforma-
tion of hematoma remains unclear.'® It is known
that damage to vascularized tissue like bone or dura
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initiates a tissue response including inflammation,
repair, and remodeling.'® This process is assumed to
be more rapid in children,'® depending on the type
and side of the injury, patient’s age, and their meta-
bolic status.'® Most of the growth of the skull takes
place until the age of 7 and then continues in a linear
fashion until adulthood, and diploe appears by 4 years
and reaches maximum at 35 years.'® It is assumed that
calcification/ossification may start with the formation
of fibroblast layers adherent to the dura as early as
4 days after bleeding.® This then develops into a con-
nective tissue layer, which undergoes hyalinization and
subsequent calcium deposition under conditions of
poor perfusion or malabsorption of the hematoma
content.'™'? Some authors describe the start of ossifi-
cation between the junction of the hematoma and the
capsule.'®'*!* Association with metabolic bone disease
and endocrinological or coagulation disorders has not
been described.""

Characteristic presentation in a skull radiograph or
scan is a double-outlined contour representing bone
formation and calcification of the hematoma capsule
adjacent to the dura."

This ossification is not considered to be unique to
untreated EDHs. Ossification of cephalohematomas,
which are a collection of blood between the skull and
the pericranium (often caused by instrument assisted
birth trauma),"'® and subdural hematomas (generally
in children or young adults, and typically after shunt
surgery or nonaccidental head injury) have also been
reported.'” Ossification of cephalohematoma has been
reported to occur in 3-5% of cases,'” whereas ossifica-
tion of subdural hematomas has been reported in up
to 0.3-2.7% of cases.'"® There is some controversy
regarding the optimal treatment strategy for calcifica-
tion or ossification of chronic subdural hematoma,
and surgery is recommended in cases of neurological
symptoms.’® Calcified cephalohematoma may cause
significant distortion of the calvarium requiring surgi-
cal correction, which is the treatment of choice in these
cases.'”"?

Given their rarity and the incomplete understand-
ing of their natural history and management strat-
egies, this study aims to conduct a systematic review
of the literature to (1) synthesize reports of OCEH
cases and (2) evaluate the clinical course and treat-
ment options for these patients.

To illustrate the clinical relevance of the topic, we
also present a rare case of OCEH.
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Case

A 22-year-old male, known for chronic alcohol
abuse and the notion of osteogenesis imperfecta, pre-
sented to the hospital in 2020 after assault-related head
trauma and loss of consciousness. The neurological
exam was unremarkable. The patient has a history of
multiple episodes of cranial trauma, the most recent of
which occurred 3 years earlier. A cranial computer
tomography (cCT) at the time did not show any intra-
cranial hemorrhage or fracture. A new cCT undertaken
at the emergency department shows a biconvex frontal
right ossification (Fig. 1.A,B), compatible with a calcified
EDH. A subsequent cranial magnetic resonance tomog-
raphy shows a compressive effect of the calcified hema-
toma on the right frontal lobe. Evaluation based on
neuropsychological examination at follow-up showed
mild-to-moderate problems according to the criteria of
the Association of Swiss Neuropsychologists. An indica-
tion for surgery without urgency was made due to the
compressive effect, but the patient did not attend the
follow-up for planning the surgery despite multiple
reminders.

However, he presented to the emergency room due
to a new head trauma 3 years after the diagnosis of the
calcified hematoma. He did not present new symptoms
except for some headaches due to the new trauma. Cra-
nial CT showed the persistence of the calcified hema-
toma. The overall volume and mass effect were the
same, with the thickness of the calcification increasing
while the liquid content decreased (Fig. 2. A-D).
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Materials and Methods

Eligibility criteria

Table 1 provides a summary of the eligibility criteria
used in this review. We extracted data to answer the
following and key questions.

Q1. What kind of patients are susceptible to developing a cal-
cified/ossified epidural cranial hematoma (age, comorbid-
ities, bone, or endocrinological diseases)?

Q2. Which kind of symptoms are the most common? (Is there
a volume threshold before symptoms?)

Q3. What is the natural history and pathophysiology?

Q4. What treatment/management is recommended?

Information sources

The databases searched were Ovid MEDLINE(R)

(1946 to December Week 3 2020, search was run

30.12.2020) and PubMed (search was run 30.12.2020).
As the search was already carried out in 2020, we car-

ried out a new search for the years 2021-2023 before

publication of the results (search was run 01.12.2023).

Search

An experienced medical librarian performed a com-
prehensive search of two databases after consultation
with the lead authors and a Medical Subject Heading
analysis of key articles provided by the research team.

FIG. 1. (A, B) First cranial scan in 2020 showing a biconvex frontal right ossification, compatible with
an ancient calcified epidural hematoma. (C) A subsequent magnetic resonance tomography shows a
compressive effect of the hematoma on the right frontal lobe.
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FIG. 2. Cranial scan in 2023 after a new cra-
nial trauma: persistence of the right frontal
ossified epidural hematoma in the form of a
biconvex lens. The thickness of calcification
has increased, whereas the overall volume and
mass effect remain the same (A: axial soft tis-
sue window, B: axial bone window, C: sagittal
bone window, coronal bone window).

In each database, we used an integrative process to
translate and refine the searches. Both English and
foreign language articles were eligible.

The formal search strategies used relevant con-
trolled vocabulary terms and synonymous-free text
words and phrases to capture the concepts of ossified,
calcified intracranial EDH. The full strategy for OVID
MEDLINE and PubMed is available in Supplementary
Appendix S1.

Table 1. Inclusion and Exclusion Criteria
Inclusion Exclusion

Patients ePatients diagnosed with ePatients diagnosed with
calcified or ossified epidural acute epidural hematoma,
hematoma treated surgically calcified or ossified subdural
or conservatively hematoma/galeahematoma

Study eCase reports eReview articles

design eCase series eOpinions

eNon-English language articles eAnimal studies
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Study selection

Two separate screeners (I.]. and M.J.) evaluated the titles
and abstracts of the eligible articles in a standardized
manner. The abstracts were classified as relevant, possibly
relevant, or not relevant according to the inclusion criteria
(Table 1). A full-text investigation of the possibly relevant
studies was done for further clarification, and disagree-
ment between reviewers was resolved through discussion.
Search strategies are available from the authors, and the
flowchart per PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) is presented
in Figure 3. The included articles are shown in Table 2.

Data extraction and synthesis

The following data were extracted by the primary
author of this study: patient sample and characteristics,
assumed etiology (previous trauma or surgery), time
between trauma/surgery and first diagnostic of calcifica-
tion, symptomatology, comorbidities, treatment of
OCEH, in case of surgical treatment timing of surgery,
imaging, localization, volume, and histological findings.

Results
Study selection
Our systematic search identified 51 unique articles. Four-
teen additional records were identified through other
sources. After the removal of duplicates, 59 abstracts
were screened. After reviewing the titles and abstracts,
10 articles did not meet our inclusion criteria. Following
the full-text investigation, additional four articles were
excluded because they did not provide case descriptions.
A total of 45 articles were deemed relevant following the
review process.

As the search was already carried out in 2020, we car-
ried out a new search for the years 2021-2023 (search
was run 01.12.2023), which resulted in four new articles.

Study characteristics

All studies were case reports or case series. The included
articles are summarized in Table 2. There were no
randomized controlled trials or prospective studies, 38
articles were in English, 6 in Japanese, 3 in German, and
1 each in French and Serbian. The year of publication
varies from 1963 to 2023, and foreign language articles
were translated using Google translator.

Results of individual studies
Forty-nine articles, reporting 55 cases of calcified or
OCEH, were included in the screening process.

By adding our clinical case, a total of 56 cases were
included in our analyses. Data extraction from the
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FIG. 3. PRISMA flow diagram. Overview of
search strategy carried out in 2020 (search was
run 30.12.2020).

articles is detailed in Table 3. The majority of patients
were male (40 vs. 16 female). The average age was 21.38
years (SD 15.07, range 26 days—73 years) at the time of
diagnosis. The youngest female patient was 26 days old.
Details of the patients’ history are summarized in the
supplemental data.

Q1. What kind of patients are susceptible to developing a
calcified/ossified epidural cranial hematoma (age, comor-
bidities, bone, or endocrinological diseases)?. No bone
or endocrinological, metabolic, or other comorbidities
were found to be predictive. Most patients were con-
firmed to be in good health without abnormalities in the
routine biological examination (n = 37), whereas, only
in two cases, extended studies to assess a coagulation dis-
order (protein S and C deficiency, factor V Leiden, and
antithrombin III) were performed and described as nor-
mal. In five cases, no biological examination was men-
tioned, and it remains unclear if routine biological or
special examinations were obtained. Individual comor-
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bidities were mentioned in some cases, but, due to the
small number of cases, no correlations could be estab-
lished. In one case each, an endocrinological disorder
(pubertas praecox) and a coagulation disorder (thrombo-
cytopenia purpura) were reported in childhood. In one
case, there was a suspicion of osteogenesis imperfecta
and confirmed alcohol abuse. Among the adult patients,
alcohol abuse was mentioned in two other cases, which
is a potential risk factor for coagulation problems.

In most cases (n = 35), the cause of the epidural
hematoma was a previous cranial trauma. 17 patients
had a history of cranial surgery (due to tumor n = 7,
hydrocephalus # = 8 or trauma n = 2). Birth trauma and
intracranial vascular injury after application of the May-
field clamp were the cause in one case each. In two cases
the origin remained unclear.

The time between trauma or surgery and diagnosis
ranged between one and a half weeks and 50 years,
with a mean of 4 years (SD 9.8 years).

The localization of the hematoma was supratento-
rial in most cases (n = 55). Only in one case, the
hematoma was left cerebellar; in five cases, there were
two localizations (Table 3).

Q2. Which kind of symptoms are the most common?
(Is there a volume threshold before symptoms
develop?). Symptoms at the time of diagnosis were
very heterogeneous, ranging from acute neurological
deterioration to chronic symptoms like developmental
delay (Table 4). In 15 cases, patients were asymptomatic,
and cranial imaging was performed because of a new
trauma or a screening for other disease. Symptoms that
led to imaging and thus to the diagnosis were seizures
(n = 11), mild symptoms of increased intracranial pres-
sure without neurological deficit (n = 10), mild-to-
moderate symptoms of increased intracranial pressure
with neurological deficit (n = 8), and cerebellar syn-
drome (n = 3). Two patients presented with rapid deteri-
oration, with unilateral mydriasis in one case. In three
cases, the calvaria deformity was recognized. In three
cases, patients suffered from chronic or acute psychomo-
tor abnormalities and mental and personality changings,
whereas one of them showed learning difficulty since
childhood. One patient was symptomatic from an acute
or chronic calcified EDH due to a bike accident fall 2
days prior. Diagnostic imaging subsequently showed a
calcified hematoma.

A neuropsychological exam was conducted in only
one case and showed mild-to-moderate problems.
The patient refused surgical treatment, which is why



(panunuod)
M3IA3J [ed1inadewleyd pue [edipaw-Aiey|iiy (9sed |) wodas ased ubiqias ewoleway [einpida d1uoiyd payissQ 6cC661 “[€ 33 dinoueboy 14
K1sbinsoinaN (ase> |) uodas ased ysibuz yodai ase) :ewojewsy [einpida payissQ ¢c0861 “|e 13 uosubjied 1T
KbBojoipey |ed1ul]d jo [eusnor asaueder (ased |) yodas ased) asaundor ewojeway |ednpida payid|ed Jo ased ,£7861 “[e 19 enIN 9z
1odai ased :Ainful peay Jaye sieak o punoy
AbojoinaN |ed1bing (9se> 1) uodai ased ysibuz Aj|eauspidul ewiojeway |einpida payid|ed pue payissQ V661 “|e 19 duebeN (o4
uoned)dwod 3|gepioAe uy
S9DUIIDSOINSN dlIeIPad JO [eulnor (ased |) podas ased ysibuz 1eWO0lewWaY [RINPERIIXS PaLId|ed dIUoIYD 3)S Junys og7 10T “[€ 33 _IYSIN 24
(P3yided ypa |
ed16an11yd-0d1paw e1bojoInaN ‘saspd z) 1odad asp) asaupdpf saseD) OM| JO Loday :ewolewsaH [einpid] duoiyd <¢5861 “[e 32 Ojownsiepy €z
Ki1abansouna 3 ABojoinap [ediuld (saspd g) 1odai asp>) ysibuz $95e2 OM) JO Joday “ewolewsy [einpida payissQ »c6861 "€ 319 eAunyiepy f44
1odal ased e :3npe HunoA e ul ewojeway
Buibewioinap (9sed |) wodas ased ysijbuz |eanpids payidied Ajpides e jo sbuipuy | [euas F10T “|e 19 997 1z
|eusnof |edipaw puels| apoyy /f Pa | (9sed |) wodais ased ysibuz plIYy> e ul ewolewsay [einpida payid[ed dluoiyd) £c6L61 'DPAZOY 13 b1 i
yodal ased e
eWINBII0ININ [ UeI0Y (9sed |) podas ased) ysibuz PIIYD e Ul ewolewsay |einpidd Jo uonedyisso pidey 267102 “[2 39 wiyf 6l
uswoleweH
elbiniyd0inaN (ase> |) wodas ased) VLIED) ud|enpida 19q UsBUN||eXIIA 3]|D1URINRIIU| 1£€961 ‘UuRWIUSPIIMN 73 AINON-eY 8l
£196ing [ed16ojoinaN (sased ) wodai ased) asaupdpf $95eD 0M} JO Modai [sewolewsay [einpida payissO 0s7661 “[B 32 eIRMEY| /1l
yodai ase) :ewojeway
SNI (9sed |) wodais ased ysibuz |einpesixa ue BUIMO||0) UOIIRDYISSO [eInpeIIX] L, 7261 "19qeIBuunIg B eLINeM| 91
1uswabeuely ased pue sanbiuyda] juaned sjew HunoA e ul ewolewsy |einpida
pasueapy :KiabinsoinaN Ateurjdidsipiaiu| (9se> |) wodas ased ysibuz Buikyoles Ajpides e jo Juswabeuew aAIIRAIDISUOD) 62510C ‘UeH Sl
MIIADY 2Jn3eI)IT pue uoday ase) Bjep
JINpY ue ul Linfu] pesH Ja)je sIesA €7 $2NZI9S Yyum
eWNEJI0INS JO [eUINO[ UelpU| (9sed |) yodas ased) ysibuz PajuUdsaId SewolewaH [einpid3 payissQ dluoay) jeng 52810T 'UID 73 [emelby vl
juswade|d Junys [esuoiiadojndLIUSA B BuiMmo||o)
elpu| ABojoinan (ase> |) yodas ased) ysibuz BWOIRWSY |BINPONS PUB [RINPRIIXD PaYId|ed dIuoiyD) ,z810T “[e 38 noJjegnolg €1
21e) [ednu) yodai ased e
13 UoN3U| AInfuj-ewnel] Jo jeulnof /ewnel] (ased |) podas ased ysibuz :uoledYd|ed Yyum ewoleway jeinpids diuoiyd abie 8007 “[2 19 BAIBAIO 2@ zl
2IN3eJI3}| JO MIIADI pue Lodal 3seD) lewolewsay
elpu| AjoinaN (ased |) podas ased ysibuz Jeanpida payid|ed d1uoiyd 3|gnop IpIs awes 0zEL0T “|e 33 Jemeq Ll
uoday ased v
eWNEJI0INS JO [euINO[ UeIpU| (ase> |) uodas ased) ysibuz :Juslled NPy Ue ul ewolewsH [einpid3 payjed sz910T "ewlieysS 3 exeq oL
A13u3 uedYIubIS Ing dJey v UIp|IYD Ul
A126ans [edejolueId Jo [eusnof sy (9sed |) uodas ased) ysibuz ewojewsy |ednpid3 BUIMO||04 UOIIBDYISSO |eINPRIIX] /50T "2 19 3uioqre)d 6
JusWwabeuew Juswiesl)
QuPIPa [eIUBWILIRAXT pue uodai ased [eads v 3unys |eauoiliadojnduusA
pue [ediul)) Jo [eunof [euolleusaiu| (9sed |) uodas ased) ysibuz 19)je ewolewsay [einpida payisso diuolyd abie| [esdle|ig 21910 “[e 32 uayd 8
wiISAS SNOAIBN SP(IYD (ase> |) podas ased) ysibuz uonedyisso pides yum ewoleway |eanpida duosyd £,200T “|e 3@ Bueyd /
Asdajda
195 BinsounapN (ase> |) yodas ased) ysibuz Yum ased e jo yodal ‘ewolewsy [eanpida payissQ 425861 “|e 33 elquied 9
ewojewsy
A1961nSOINSN JO [eUINO[ UBISY (ased |) podas ased ysibuz Jeanpida payid|ed d1uoiyd snosueuods om) [esdie|isd] £2810T “|e 13 1ouysig S
ed16.n11yd>-0d1paw eibojoinaN (9sed |) wodas ased ysibuz ewolewsH |einpid3 paynied 228961 "embexy = plezeAiy v
"Jlodai ased ales e
K196insoinaN uejuewoy (ased |) wodas ased ysibuz 1eWO)RWAY [RINPERIIXD PALYISSO DIUOIYD dljewnes}-3sod LZ710T ‘e 73 Jewny €
©ss0y
|eunor [eJIpaIA UedLyy ued (ase> |) podas ased ysibuz Joud1sod ay) Jo ewoiewsay |ednpida d1UoIyd paYIssQ 025 L0T ‘Pnoiyejnog 1 seppeyyy C
Kisbins ‘Ay3ud alel e pjiyo e
Aousbiraws pue ewnely Jo jeunof yspung (ased |) uodas ased ysibuz ul ewojeway [eanpids payisso d1uoiyd direwoydwAsy 01900T ‘UMY 13 |10} l
[puinor 3[2134p Jo adA] abonbup7 L uonpsiqnd jo ivaf ‘(s)ioyiny

SsPIMY papnpul ‘Z 3|qel

792



A19b61nsoInaN ulspoly Jo [eunor uadQ (9se> 1) podal ase) ysibuz '35 B JN0Ce BWOJRWSH [eINpeiixd payid|ed [elueldeliu) ,c€T0T e 13 owoyiuey 6t
(UonedYISSO Y3IM ypad

BWNEBII0ININ JO [eudnof uelpu| JO 95BD |) SIS ase) ysibuz iA11u3g aley e ||ns :ewolewaH [eanpid3 diuoayd 5cLT0T “|e 33 ebueg 8y
[ERIETRIS ‘ueds Aydesbowoy paIndwod uo J9pIog PaLYIsso

|ea1ulD pue diseg Jo |eusnor ueLRbIN (9sed |) wodai ased ysibuz yum ewolewsey [einpida jo uonejuasaid jensnun <120 "2 19 uikays Vg
21n1eJ31I| JO M3IASI pue Jodal

(LNfI) BwneI0IN3N JO [eudnor uelpu| (9sed |) wodai ased ysibuz 95eD IP|IYD B Ul BLUOIRWAY [BINPRIIXD PaYId|ed dIuoIyd 4800C 4exiog R eyuls ot
vodal ased

K1361ng sAS snonsaN (9sed |) modai ased ysibuz ‘ewoleway [eanpida payisso/payid|ed d1uoiyd dluabose| 2,600C “[219 1Aeg St
(SWar-4sol yoday ase) asey y :bulj|oms snosuendgng

S9OUDIDS [BDIPSN PUE [RIUS(Q JO [BUINO[ YSOI (9se> 1) yodal ase) ysibuz BUIAISAO YUM BUWIOIBWSH |BINPEIIXT PaYId[eD b+ 10T “|e 33 _IYa ad
uodai ased alel
:21npad0id Junys [eau031IRAOINJLIIUSA 3Y) JO SpIS

S9DUIIDS Y}|eSH J0j [euInor Ipnes (9se> 1) yodal ase) ysibuz a)soddo a3 Uo BWOIRWAY [RINPRIIXS PAYISSO dIU0IYD £sCL0T “|2 30 uter 134
suoday

KbBojoipey Jo |eulnor ueispjed (sased ) yodal ase) ysibuz 958D OM] :UONBIYISSO YUM BulolewsH [einpid] 25CL0T “[e 33 Kreypnoyd w
M3IADJ din3elall| pue yodas ased e
‘ewolewsay [einpgns aAleladolsod |eidiejeluod

K19bansounaN jo |eulnor ysiug (9sed |) modai ased ysibuz pue ewolewsy [ednpida d1uoiyd payisso diuebin 1G0T “|e 32 bueyz R

£131206 [e2161NSOIN3N UB3.0Y JO [eusnor (9se> 1) podal ased) ysibuz 9)]eUOBU B Ul ewOoleway [einpida payidjed A|pidey 01800T “[e 19 NA o

K196.ng |ed16ojoInaN (9se> 1) yodal ased) asaupdpf ewojewsy [einpida payid|ed aanesadoisod Yyim ased y 055861 “[€ 19 epIYSOA 6€

INIDIAIN ADNIDHINI NI SISONOVIA

IVNSIA /2uUnipay A>usbiswg Jo jeusnor (9se> 1) wodal ase) ysibuz ewolewsH |einpid3 payisso 67107 "2 33 YaA 8¢
9sed e jo podai :uonelojdxa

SNI (9se> 1) wodal ase) ysibuz ©ess0y Jou)sod Buimo||oy ewiolewsy jeinpids payissQ grP961 “1€ 13 IBYSIM /€

|oIpeIoINaN [ (9sed |) modai ased youai eWOlRWSY [BINPEIIXD PAYId[ed dIUoIyD) 00T |2 19 1poi ] o€
$9sed oM] JO odal

-921101( [eINY Ul SIDUSIDSOININ JO [eusnof (sased ) yodal ased) ysibuz :dnoib-abe ouyeipad ul ewolewsy [einpids payjed op0L0T "UBRIIH %8 IP3AL L <13
woleweH

2164nJ1y>0IN3N Inj 11e|qlesusz (9se> 1) podal ased ubwiian s3jeInpida s3YdSIUOIYD SIPUSH|R}ISA UIS 434 <»861 'ZINYdS 78 Bejydspals ve
10odal 9sed Y :UOIIASUI JUNYysS [eauoiado|nNdLIudA

K19bansoinaN ysiung (9se> 1) podal ased ysibuz 191je ewolewsay [einplda payisso diuoiyd) 4,010 ‘njboueyifas €€

K19binsoina duielpad (9sed |) modai ased ysibuz ewojewsay [einpida Bulkyisso pue bulkydjed Ajpidey £,€00C "2 19 uebopi3 143
eWOoleW?aY [BINPEIIXD DIUOIYD
payidjed e ul sbuipuy [ediul pue [edibojoipes
|ensnupn /uawoleweH uajeinpida ualyexIaA 19q

e1binJiyd0inaN (sasDI €) SaLI3s IS ubwiian apunyag aydsiulp pun aydsibojoipes aydijuyomabun 2»C861 “IaydeWwNYdS L€

K19binsoinap Jo [eusnor asaueder (9sed |) modai ased asaupdpf ewolewsay [einpida Payisso Jo ased y 1,866 “|e 13 leinyjes o€
Ainfu) peay Jaye sieak 9| punoy Ajjey

K196.ng |ed16ojoInaN (9se> 1) wodal ase) asaupdpf -uapIidul dsed e Jo Jodal—ewolewsay |einpids paydied opLL61L "1e3eS 6C

|puinor 32134p jo adA| abonbup7 L uonpaiqnd jo apaf ‘(s)ioyiny

*panunuo) ‘g 3jqel

793



Janssen et al.; Neurotrauma Reports 2024, 5.1
http://online.liebertpub.com/doi/10.1089/neur.2024.0065

Table 3. Localization of Hematomas

Localization

Left frontal 1
Bifrontal

Posterior fossa, left cerebellar

Right hemisphere

Left occipital and suboccipital

Right parietal

Right frontal

Left parietal

Left frontoparietal

Left temporal

Right temporal

Left parietooccipital

Parietooccipital right

Left frontotemporal

Left temporoparietal

2 localizations: left parietal and left frontal
2 localizations: right frontal and left parietal
2 localizations: right frontal and parietal

2 localizations: right frontal and left parietal
2 localization: frontal right, parietal left

-
M A M A A N R s s S N0 = = =2 NO

no follow-up neuropsychological exam was performed.
Electroencephalography (EEG) was performed in five
cases, was not pathological in three cases, and pre-
sented an epileptic focus in two cases in the localiza-
tion hematoma.

Information regarding hematoma volume was avail-
able in only 11 cases, ranging from 13.5 to 280 cm”’. The
thickness of ossification was provided in eight cases and
ranged from 1 to 12 mm. Due to the limited data, no
volume threshold could be identified.

Q3. What is the natural history and pathophysiolo-
gy?. The time between initial trauma or surgery and
diagnosis ranged between one and a half weeks and

Table 4. Symptoms Leading to Diagnostics of Calcified
Epidural Hematoma (EDH)

Symptoms leading to diagnostic of calcified EDH

Asymptomatic 15

Mild symptoms of increased intracranial pressure (mild/moderate 10
headache, with or without vomiting) without neurological deficit

Mild-to-moderate symptoms of increased intracranial pressure (mild/ 8

moderate headache, with or without vomiting) with neurological
deficit

Cerebellar syndrome 3

Epileptic seizures 1

Calvarial deformity 3

Altered consciousness, deterioration with or without mydriasis unilat- 2
eral within hours

Chronic psychomotor abnormalities, learning difficulty since 1
childhood

Mental disorder, confusion, psychomotor abnormalities 1

Memory problems since 6 weeks+ some headache, personality changes 1

Headache and vomiting following fall from bike 2 days ago, hematoma 1

with calcification asymptomatic (age unclear), diagnostic due to head
trauma, symptoms due to acute component
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50 years, with a mean 4 years (SD 9.8 years). The
exact time of calcification cannot be determined, as
there was a lack of structured follow-up or imaging in
most of the reported cases.

Out of 35 patients who had suffered from a cranial
trauma, only 21 had imaging after the initial accident
the day of admission or a few days later. Out of these
21 patients, 5 received only an X-ray of the skull, with
subsequent skull fractures diagnosed in three cases; in
two cases, the X-ray was without pathological findings.
Fourteen patients received a c¢CT, which revealed a
skull fracture without bleeding in 1 case and an acute
EDH in 11 cases. Two of them were operated on
immediately. The other nine patients received follow-
up by scan or clinical surveillance. The first signs of
ossification were visible after 12 days in one case. Four
of these nine patients were treated conservatively, and
five developed symptoms related to the OCEH needing
surgery. Radiological surveillance showed a reduction
of the liquid portion of the OCEH in some cases,
whereas others showed persistent or increasing ossifi-
cation. In one case, the OCEH was fully absorbed,
with the hematoma having merged into the inner table
of the skull after 6 months. Follow-up for cases treated
conservatively was not longer than 12 months.

Intraoperative findings were described in 24 cases.
In most of these cases, the hematoma capsule was
described as a hard layer adhered to the dura mater
and without clear demarcation to calvarium. Never-
theless, in some cases, a good plane between dura and
wall of hematoma could be found, and blunt dissec-
tion could be performed; in other cases, the dura was
calcified and had to be removed at least partly with
the hematoma. In one case, the mass was described to
be fused with the skull. In another case, no capsule
could be macroscopically identified. In some cases,
hyperplasia of the skull itself was described. Calcifica-
tion and ossification were described, especially on the
side of the dura, as a newly formed bone at the inner
border of the hematoma capsule covering the under-
lying dura. The inner part of the hematoma was a yel-
lowish brown to dark brown liquified hematoma
gelatinous mass, only partially liquified inside.

Histological examination was available in 17 cases,
all providing similar findings. The hematoma showed
connective tissue with inflammatory cells in the outer
membrane and ossification with lamellar bone layers
in the inner membrane. Osteoblasts and osteocytes
were found in the calcified part on the side of the
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dura, in association with neovascularization. Areas of
ossification, calcification, and fibro-collagenous areas
were seen in the hematoma. Some areas showed nor-
mal and new bone in the inner shell, with bony lamel-
las in parallel to the calvarium, and partly normal
hematopoietic marrow. A lamellar bone layer was con-
tinually formed between the dura and the calcified
inner capsule. The ossified shell fused with the outer
shell, consisting of the normal calvarium at the mar-
gin. Ossification was mainly seen on the side of the
dura. Macrophages were present in the hematoma con-
taining hemosiderin. The organized hematoma mass was
composed of collagen tissue with calcification.

Q4. What treatment/management is recommen-
ded?. After diagnosis of OCEH, 41 patients received
surgical treatment by craniotomy and hematoma
evacuation, and 11 patients were treated conserva-
tively. In two cases, only the liquid hematoma was
drained by burr hole trepanation. In two cases, emer-
gency surgery was performed due to progressive neu-
rological symptoms. In the other cases, surgery was
performed during the hospital stay, within a few days
after admission. In two cases, surgery was indicated
but refused by the patient and the patient’s parents.
Three postoperative complications were reported and
managed successfully: (1) intracerebral hematoma
(revision surgery) and hydrocephalus (VP-shunt) in
one patient, (2) shunt infection and ventriculitis, and
(3) occurrence of a chronic subdural hematoma con-
tralateral 2 months later, which had to be drained. In
one case, neurological symptoms ceased, but seizures
stayed and needed long-term medical treatment.

Discussion

Calcified or OCEHs are rare, and the incidence remains
unknown."? In our literature search, we found 55 cases
over a period of 60 years, published between 1963 and
2023. By adding our clinical case, a total of 56 patients
were included in our analyses. The patients’ medical his-
tories and symptoms at the time of diagnosis were very
heterogeneous, which is partly due to the long period of
time during which the reported patients were treated.
Similar to the incidence of aEDH, which typically affects
males in their 20s to 30s who have suffered head trauma,
the majority of patients in our series were males with an
average age of 21.38 years (SD 15.07, range 26 days—73
years).3 This is intuitive, as ossification is thought to be
the consequence of unrecognized or progression of
aEDH bleeding following cranial trauma. Indeed, this is
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largely supported by the fact that previous trauma was
the predominant etiology reported in the reviewed cases
(n = 35). However, what is not clear is when ossification
occurs and when or if they will ever be symptomatic,
especially since diagnosis in the series spanned weeks to
decades to be discovered. Furthermore, symptoms can
be quite variable and nonspecific. The delay of diagnosis
or symptom development can be attributable to many
factors: (1) potential variability in ossification progres-
sion over time between individuals, (2) symptoms may
develop after additional episodes of trauma (due to
decreased compliance and inability to absorb kinetic
forces in the setting of reduced intracranial space),
(3) incomplete hematoma resorption at last follow-up,
and (4) no imaging was performed in the absence of a
fracture in the skull X-ray (older reported cases) and
was considered sufficient to rule out an intracranial
hemorrhage. Recognizing that classical skull fractures
are only present in very few cases of aEDH and that CT's
are readily accessible and are undertaken even after
minor trauma® (with somewhat higher thresholds in the
pediatric population to avoid radiation exposure),
aEDHs are rarely missed nowadays.”*>®

The nonoperated aEDH usually progresses to absorp-
tion in 3-15 weeks.”” The mechanism of resorption of
extradural hematoma described in the literature ranges
from the evolution of a fibrovascular membrane cover-
ing the dural face of the chronic EDH> to arteriovenous
shunts that develop in the extradural space during hem-
orrhage.”” D’Andrea et al. describe increasing interest in
the conservative treatment of EDH in children and
believe that the incidence of OECH may increase due to
this in the coming years in the pediatric population.®®

Despite existing theories, the mechanism of calcifica-
tion/ossification is still unclear, and it is unknown why
a small percentage of hematomas do not disappear and
become calcified or ossified.*' No predisposing charac-
teristics or comorbidities for the calcification of EDHs
were found in this series of cases. From this series, it
does appear, however, that the initiation of the ossifica-
tion appears at the junction of the hematoma and cap-
sule and is associated with local inflammation that
results in the proliferation of fibroblasts.

A possibility of a similar entity to OCEH is the ossifi-
cation/calcification of subdural hematomas. Although
these are better known, they are also a rare entity, and
their optimal management has also not yet been deter-
mined.®° It is known from these cases, however, that due
to the “armored brain” phenomenon, there may be
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FIG. 4.
hematoma.

Proposed strategy for the management of patients with calcified or ossified cranial epidural

limited re-expansion of the brain after surgery,’*" with
some authors reporting no improvement after surgery
after long-standing symptoms. It has thus been recom-
mended that surgery should only be pursued when acute
or progressive neurological symptoms occur,’®* whereas

others propose removing the lesion because of the poten-
tial risk of increasing irritation of the brain by thickening
lamellar bone.*

With regard to OCEH, most of the reported cases
reported in this review (73%, 41/56) were treated with
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varying surgical techniques. However, it is unclear if this
rate of surgery is affected by the fact that these cases
probably represented more severe forms and potential
publication bias. Generally speaking, surgery is clearly
indicated in patients with neurological symptoms due to
the mass effect. However, decision-making is more diffi-
cult in cases of chronic symptoms and slight/minor psy-
chomotor abnormalities, where reversibility is uncertain
and the benefit of surgery is unclear. But some authors
suggest surgical treatment even in the absence of mass
effect or in asymptomatic patients due to a supposed
higher risk of calcification/ossification progression.””
When considering surgery, these perceived benefits
must be balanced with the possible surgical complica-
tions, including a potential lack of improvement in
symptoms postoperatively, as well as brain contusion,
bleeding, or the appearance of new neurological deficits
when dissecting the calcified membrane tissue adherent
to the cortical surface of the parenchyma.®

Clinical management strategy

The management of these cases must be carefully dis-
cussed, particularly in pediatric cases. Given that the
symptoms of calcifications are unlikely to be rapidly
transformative and place the patient at immediate
risk, it is reasonable to follow these patients initially
and intervene in the event of progression. Given the
lack of literature on this subject, a structured guide
and strategy on how to conduct follow-up and man-
age these patients remain unclear. For this reason, a
proposed strategy for the management of these cases
has been proposed here (Fig. 4).

It is proposed that surgery should be offered to
patients with neurological symptoms and clear signs of
progression. For patients, in whom OCEH is discovered
incidentally or in the workup of minor symptoms,
follow-up may be reasonable. Initial evaluation after the
diagnosis as well as subsequent follow-up should include
imaging, neuropsychological examination, EEG, and
potential and clinical examination (which may include
additional visual examination).

Conclusion

OCEH after trauma or cranial surgery most commonly
occurs in young male patients. Clinical presentation
varies from asymptomatic, to mild and chronic, to severe
acute neurological deficits with signs of increased intra-
cranial pressure. There is no standardized treatment, and
a practical treatment approach for their treatment has
been proposed. Ultimately, treatment decisions should
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be based on a combination of examinations, and treat-
ment recommendations should be tailored to the
patient’s presentation. Unfortunately, this review was not
able to determine specific factors that can identify which
hematomas will ossify or calcify, and further work look-
ing at the underlying pathophysiological and genetic fac-
tors would potentially be helpful but challenging to
undertake given the rarity of this clinical entity.
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