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INTRODUCTION

Otitis media (OM) can lead to both intratemporal and intracranial complications. Common 
intratemporal complications include mastoiditis, subperiosteal abscess, and facial nerve 
palsy.[4,9,11] Intracranial complications include epidural abscess, subdural abscess, brain abscess, 
dural sinus thrombosis, meningitis, petrous apicitis, and otic hydrocephalus.[5,8,9,12,15,16,18] 
Intracranial complications of OM can lead to significant mortality, with mortality rates ranging 
from 5% to 10% in the literature.[2,19] Intracranial complications arising from middle ear 
infections are exceedingly rare overall. Of 768 inpatient admissions for OM over 8  years at a 
single institution, intracranial complications were present in 40 (5.2%) cases.[8] ey also make 

ABSTRACT
Background: Otitis media (OM) can uncommonly lead to intracranial complications. Epidural abscesses represent 
a large proportion of cases; however, literature regarding the optimal surgical management of otogenic epidural 
abscesses is sparse. Favorably located epidural abscesses may be amenable to drainage through a transmastoid 
approach because the tegmen mastoideum lies immediately inferior to the middle cranial fossa (MCF).

Case Description: We report 3 pediatric patients with OM complicated by epidural abscesses of the MCF. 
e ages ranged from 3 to 6 years old, with 2 females and 1 male. All 3 patients had acute mastoiditis with an 
abscess of the MCF ranging from 1.6 cm to 6.3 cm at the largest dimension. All patients underwent canal wall-up 
mastoidectomy with the evacuation of the MCF abscess through a small window, 0.7 × 0.7 cm or less, created in 
the tegmen mastoideum. All patients were successfully treated through this approach and had complete resolution 
of their infection on follow-up imaging. ere were no postoperative temporal lobe encephaloceles.

Conclusion: is is one of the few descriptions of the treatment of an otogenic epidural abscess of the MCF 
through a transmastoid approach. Collaboration with neurosurgery is vital because their familiarity with the 
intracranial space helped to guide the accurate direction of dissection. is highlights the importance of a 
multidisciplinary approach in the treatment of epidural intracranial abscess of the MCF through this approach. 
e risk of postoperative temporal lobe encephalocele was minimized due to the small tegmen defect size.
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up a minority of overall complications of OM. In a review 
of 109 pediatric patients admitted for complications of OM 
over 15 years, intracranial complications represented 24.8% 
of cases.[11] Streptococcus pneumoniae is the predominant 
organism cultured in these cases.[1,4,8,11,22]

Within this subset of OM with intracranial complications, 
epidural abscesses represent a large proportion of cases. In 
a review of 33  patients with intracranial complications of 
OM over 8 years, 16  (48.5%) patients presented with epidural 
abscess. Literature regarding the optimal surgical management 
of otogenic epidural abscesses is sparse. e most common 
otologic surgical management involves canal wall up or canal 
wall down mastoidectomy with or without tympanostomy tube 
placement.[5,8,11,12,15,16] Canal wall-up mastoidectomy is performed 
in most cases. Canal wall down mastoidectomy, which involves 
drilling down the posterior external auditory canal wall, is 
reserved for cases in which extensive exposure to the middle 
ear space is required, such as in cholesteatoma. Neurosurgical 
collaboration remains a mainstay of therapy in the surgical 
treatment of this disease process, as epidural abscesses often 
require drainage through a burr-hole or craniotomy.[5-7]

Favorably located epidural abscesses may be amenable to 
drainage through a transmastoid approach, as the tegmen 
mastoideum lies immediately inferior to the middle cranial 
fossa (MCF). ere are case reports of drainage of MCF, 
and posterior cranial fossa abscesses through violation of 
the tegmen mastoideum and the bony sigmoid plate during 
mastoidectomy, respectively.[14,20] Conservative management 
through intravenous antibiotics alone is also an option 
in small abscesses and if clinical symptoms and serial 
radiographs demonstrate improvement.[3,21]

We report three cases of pediatric OM complicated by MCF 
epidural abscesses. All three patients were successfully treated 
with the performance of a canal wall-up mastoidectomy with 
abscess evacuation through a small opening in the tegmen 
mastoideum.

CASE PRESENTATIONS

Patient 1

History and presentation

A 3-year-old male with a history of autism, cerebral palsy, and 
neonatal hemiplegic seizure due to left hemispheric stroke 
presented with complaints of worsening left otalgia, fever, and 
emesis. ere was no associated otorrhea, tinnitus, hearing 
loss, disequilibrium, loss of consciousness, or seizures.

Clinical findings and diagnostic assessment

Computed tomography imaging of the temporal bone was 
performed, which showed acute left otomastoiditis with 
a 1.6  cm epidural abscess along the left MCF and a small 
subperiosteal/scalp abscess. Contrast-enhanced magnetic 
resonance imaging (MRI) showed a 1.6 × 0.9  cm rim-
enhancing epidural fluid collection within the left posterior 
MCF, along with a 1.0  cm rim-enhancing fluid collection 
within the left postauricular soft tissues [Figure 1a].

Therapeutic intervention and outcome

e patient was started on ceftriaxone, vancomycin, and 
metronidazole. ey underwent canal wall-up mastoidectomy 
and left tympanostomy tube placement. A postauricular Palva 
flap was raised. e subperiosteal abscess was drained. A canal 
wall-up mastoidectomy was then performed, and the antrum 
was widely opened. Next, with neurosurgical assistance, the 
tegmen mastoideum was progressively thinned down with a 
diamond burr until the temporal dura was exposed. A small 
tegmen window, measuring <0.7 × 0.7  cm, was created. 
Blunt dissection was carried out along the floor of the MCF 
with a freer elevator until purulence was encountered. After 
evacuation and irrigation of the abscess, a Penrose drain was 
placed in the mastoid cavity.

A repeat brain MRI obtained the day after surgery showed 
near-complete abscess evacuation [Figure  1b]. e patient 
completed a 5-day course of Ciprodex, along with 6  weeks 
of intravenous ceftriaxone and oral metronidazole without 
recurrence of infection.

Figure 1: Left to right. (a) Axial T1+ magnetic resonance imaging 
(MRI) brain demonstrating a left middle cranial fossa epidural 
collection with associated regional dural enhancement. (b) Axial 
T1+ MRI brain on postoperative day 1 demonstrating resolution 
of left middle cranial fossa fluid collection with residual dural 
enhancement.
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Patient 2

History and presentation

A 6-year-old female presented with fevers, ear pain, 
headaches, and altered mental status with cough and 
rhinorrhea for 6 days. She was seen at an outside clinic and 
prescribed Tamiflu, azithromycin, and amoxicillin. She had 
taken these medications for 2 days before presenting to our 
institution in the setting of progressive gait unsteadiness, 
mild confusion, emesis, diarrhea, right-sided neurologic 
deficits, and decreased interaction.

She was started on levetiracetam and fosphenytoin for possible 
seizures, as well as ceftriaxone, vancomycin, and acyclovir.

Clinical findings and diagnostic assessment

MRI Brain showed left mastoiditis with a left temporal epidural 
abscess measuring 4.0 × 1.6 × 3.7 cm, causing mass effect and 
vasogenic edema. Cerebritis of the adjacent left temporal 
lobe was also noted. Several smaller collections of fluid were 
also seen along the inferior temporal lobe and cerebellar 
hemisphere adjacent to the mastoid cavity [Figure 2a].

Therapeutic intervention and outcome

e patient underwent drainage of epidural abscess, 
canal wall-up mastoidectomy, and tympanostomy tube 
placement. A canal wall-up mastoidectomy was performed, 
and the antrum was widely opened. Significant granulation 
tissue was encountered and removed. e anterior tegmen 
was unroofed and widened using a curette, resulting in 
the discharge of a small amount of thin, purulent fluid. 
e neurosurgical team then bluntly explored the MCF 
anteriorly through the tegmen window using a number 4 
Penfield. e space was irrigated with vancomycin irrigation 
until no purulence returned. Surgicel and a non-sutured 

Duragen patch were placed in the defect. Myringotomy was 
subsequently performed. Significant thick purulence was 
suctioned, and the middle ear was irrigated with vancomycin 
irrigation. A  tympanostomy tube was placed, and ciprodex 
was instilled into the middle ear.

Repeat MRI on postoperative day 2 showed an interval 
decrease in the size of the epidural abscess to 0.8  cm 
[Figure  2b]. MRI brain also demonstrated a new 
intraparenchymal abscess that had formed in the previously 
noted zone of temporal lobe cerebritis. No additional surgery 
was recommended for this because most intraparenchymal 
abscesses resolve with antibiotic therapy alone, so long as 
the longest axis of the abscess is <3 Cm. e patient was 
discharged on an extended course of IV ceftriaxone and 
oral metronidazole. Repeat MRI at 6  weeks postoperatively 
demonstrated complete resolution of infection [Figure 2c].

Patient 3

History and presentation

A 3-year-old female with a history of anemia, obesity, and 
development delay.

She presented with right-sided facial swelling, right-ear 
drainage, and fever after a head injury 2  days prior and an 
ear infection 1-month prior that was previously treated with 
a 10-day course of amoxicillin.

Clinical findings and diagnostic assessment

During the initial physical examination, the patient was noted 
to have swelling on the right side of the face and drainage and 
tenderness at the right ear. MRI brain with contrast showed right 
OM with mastoiditis, right osteomyelitis, a small subperiosteal 
abscess, and an epidural abscess measuring up to 6.3  cm, 
occupying the middle and posterior cranial fossae [Figure 3a].

Figure 2: Left to right. (a) Axial T1+ magnetic resonance imaging (MRI) brain demonstrating a large 
left epidural abscess within the middle cranial fossa. (b) Axial T1+ MRI brain on postoperative day 2 
showing near-complete resolution of the left middle cranial fossa epidural fluid collection. (c) Axial 
diffusion-weighted imaging at 6 week postoperatively demonstrating an absence of fluid restriction at 
the site of the previously seen epidural fluid collection.
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Therapeutic intervention and outcome

e patient underwent canal wall-up mastoidectomy, 
tympanostomy tube placement, incision and drainage of 
subperiosteal abscess, and drainage of epidural abscess. 
A tympanostomy tube was first placed, with the middle ear 
purulent effusion evacuated. A canal wall-up mastoidectomy 
was performed, and the antrum was widely opened. 
Significant granulation tissue was removed during the 
mastoidectomy. A bony dehiscence was present over the right 
sigmoid sinus with purulence draining from the area. e 
opening was enlarged using a size 3 diamond burr to enhance 
access into the posterior fossa epidural fluid collection. e 
posterior fossa was then irrigated with saline. e tegmen 
mastoideum was thinned with a diamond burr to expose 
the dura. is tegmen defect was subsequently widened 
to slightly <0.7 × 0.7  cm in diameter. Blunt dissection was 
carried out in all directions toward the petrous ridge and 
lateral squamous temporal bone. Significant purulent 
material was evacuated. e middle fossa was then irrigated 
with saline. A quarter-inch Penrose drain was placed in the 
mastoid cavity.

Postoperative MRI showed decreased mass effect upon the 
right temporal lobe with overlying scalp cellulitis/myositis 
and residual small subperiosteal/scalp fluid collection 
[Figure  3b]. She was discharged on a 6-week course of 
ceftriaxone. On follow-up MRI 9  weeks postoperatively, 
there was no residual disease remaining, and the patient had 
complete resolution of infection [Figure 3c].

DISCUSSION

Intracranial infections encompass a rare but challenging 
complication of OM. In a review of 33  patients with 
intracranial complications secondary to OM, the most 
common complications were epidural abscess (30.3%) and 

sigmoid sinus thrombosis (27.3%).[11] In a similar review of 
otogenic intracranial complications, intracranial abscess 
encompassed 75% of complications, followed by lateral 
sinus thrombosis (40%), meningitis (27.5%), and otic 
hydrocephalus (10%). Interestingly, meningitis is a relatively 
rare complication of OM, with some authors speculating the 
widespread vaccination against Haemophilus influenzae has 
contributed to the significant decrease in the incidence of 
meningitis in children. is is further reinforced by reports 
demonstrating S. pneumoniae as the most common organism 
isolated in this disease.[3,4,11,23] ere is evidence of increasing 
antibiotic resistance patterns of S. pneumoniae in the United 
States, which could lead to a greater risk of developing more 
advanced disease.[22] Other organisms isolated include Proteus 
mirabilis, Pseudomonas aeruginosa, Streptococcus aureus, and 
coagulase-negative Staphylococcus. e mean age of patients 
with advanced complications of OM trends toward younger 
patients, with one study reporting a mean age of 6  years, 
with a range of 8 months–14 years.[8] Younger age, as well as 
daycare attendance and antibiotic exposure, are known risk 
factors for the development of pneumococcal disease.[1] ere 
is a predilection toward male patients.[22] Common symptoms 
include fever and otalgia. Other symptoms include headache, 
otorrhea, postauricular swelling, nausea, vomiting, and 
mental status changes.[8,9] Previously reported mortality 
rates of intracranial complications of OM ranged from 10% 
to 19%.[3] However, the mortality rate has declined in recent 
decades, with contemporary literature reporting a mortality 
rate of 5–10%.[2,19] is decline in mortality rate is likely 
due to advances in imaging leading to earlier detection 
and treatment of intracranial infections, as mortality rates 
increase with delays in diagnosis.[2]

e most common location of abscess formation was the 
epidural space. A large portion of epidural abscesses develop 
adjacent to the sigmoid sinus. In one study, the majority of 
epidural abscesses, 13 of 16  (81.2%), developed adjacent 

Figure 3: Left to right. (a) Axial T1+ magnetic resonance imaging (MRI) brain demonstrating a right 
epidural abscess within the middle cranial fossa. (b) Axial T1+ MRI brain on postoperative day 5 
showing complete evacuation of the epidural fluid collection with expected persistent regional dural 
enhancement. (c) Axial T1+ MRI brain obtained 9 weeks postoperatively showed near-complete 
resolution of the previously seen dural enhancement and no evidence of epidural fluid collection.
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to the sigmoid sinus, followed by the MCF.[8] Treatment 
of intracranial abscesses frequently requires surgical 
intervention, as intravenous antibiotics alone are usually 
not sufficient for clearance of infection. Ninety percent of 
patients in a series of pediatric patients with intracranial 
abscesses underwent surgery.[8] Otolaryngology intervention 
for epidural abscesses commonly involves cortical 
mastoidectomy with or without tympanostomy tube 
placement. In the same study, 15 of 16  patients underwent 
mastoidectomy with tympanostomy tube placement alone, 
with one patient undergoing craniotomy in addition 
to mastoidectomy, although the size and extent of the 
abscess, and need for additional surgical intervention was 
not specified. ere is currently a paucity in the literature 
regarding when neurosurgical intervention is also indicated 
for otogenic intracranial abscesses. In a small case series 
of 8  patients with epidural abscess from sinusitis, 4 of the 
patients were treated successfully with craniotomy or burr 
hole, and the remaining 4 patients were successfully treated 
with intravenous antibiotics alone.[6] e authors in both 
studies mentioned above advocated for prompt surgical 
intervention in patients with sepsis, altered mental status, 
seizures, or neurologic deficits.

ere are scattered case reports in the literature regarding 
transtemporal drainage of MCF and posterior cranial fossa 
epidural abscesses, as opposed to the standard craniotomy or 
burr-hole approach. One case report described drainage of a 
posterior fossa abscess by drilling the posterosuperior portion 
of the tegmen mastoideum and entering the abscess cavity 
through the defect. e final size of the defect was 0.5 cm2. 
A residual cerebellar abscess was drained during the 3rd week 
through a craniotomy.[20] Similarly, a case report details the 
drainage of a posterior fossa epidural abscess by removing 
the sigmoid plate.[14] A larger study from a center in India 
reported on their experience with 61 patients, ages 3–65, with 
otogenic intracranial infections. 29 (48%) epidural abscesses 
were included. eir general technique involved performing 
a canal-wall up mastoidectomy for non-cholesteatoma (59%) 
and a canal-wall down mastoidectomy for cholesteatoma 
(41%) cases. In all cases, the mastoid disease was in continuity 
with the intracranial disease. In each case, either the tegmen, 
posterior fossa, or sigmoid sinus bony plate was thinned, and 
the abscess capsule was opened and drained. In 10 patients, an 
endoscope was used to inspect the abscess cavity for residual 
disease. Any dural defects created were repaired with a muscle 
graft and temporalis fascia or fascia lata. Tragal cartilage 
was used for the closure of the tegmen defect. e authors 
suggest a role for intravenous antibiotics alone for intracranial 
abscesses <1 cm in diameter.[13]

Our study is among the few to report a transmastoid 
approach to drainage of an otogenic epidural abscess in 
discontinuity with the mastoid cavity. Each presentation 

arose as a sequela of advanced OM and mastoiditis. In each 
of our cases, the patients were young, with ages ranging 
from 3 to 6  years old. e size of each abscess was over 
1 cm, located within the epidural space of the MCF. A canal-
wall up mastoidectomy was performed, and a standard 
antrostomy was performed to establish communication 
between the mastoid cavity and the middle ear. As the lateral 
aspect MCF directly overlies the tegmen mastoideum, the 
bony plate was thinned using a coarse diamond drill burr 
or curette, and the middle fossa dura was encountered. In 
each case, the size of the tegmen defect did not exceed 0.7 × 
0.7 cm. From the tegmen approach, the abscess pocket could 
be reached with blunt dissection. e neurosurgical team was 
present intraoperatively to provide assistance or to perform 
the dissection. We chose not to close the tegmen defect so as 
to allow for continued drainage of the middle fossa into the 
mastoid cavity. Each patient also completed a 6-week course 
of intravenous antibiotic therapy. All three cases were treated 
successfully with a single-stage approach without the need 
for further drainage or evidence of recurrent abscess. ere 
were no complications noted at 6 weeks postoperatively.

e trans-mastoid approach to otogenic MCF abscesses 
offers an alternative approach to traditional craniotomy or 
burr-hole drainage in select patients. e benefits include 
decreased overall morbidity of surgery due to decreased 
operative time, single postauricular incision, and lack of 
need for pinning of the head. Furthermore, the establishment 
of communication between the mastoid and middle fossa 
epidural space allows for gravity-dependent egress of any 
residual fluid and potentially reduces the risk of abscess 
recurrence. We pursued surgical intervention in abscesses 
over 1 cm in size. It is unclear regarding the maximal size of 
the abscess drainable through the tegmen, though the largest 
abscess drained measured 6.3 cm in size. We also recommend 
the close involvement of pediatric neurosurgery colleagues, 
as their familiarity with the intracranial space helped to guide 
accurate direction of dissection towards the abscess cavity.

We recommend that the transmastoid approach should be 
limited to cases where the fluid collection is located in the 
MCF epidural space. A careful review of imaging should be 
performed to select cases in which dissection towards the 
fluid collection is relatively straightforward and limited. In 
cases in which difficult access through a <1 × 1 cm tegmen 
window is anticipated, we advise against this approach 
to limit the risk of dural perforation or venous bleeding. 
For small abscesses, <1  cm or multi-loculated abscesses, 
intraoperative neuronavigation may be considered, although 
this was not used in any of our cases.

Limitations of this approach include the increased risk of 
development of delayed temporal lobe encephalocele with 
leaving an open tegmen defect. ese are rare. Between 1950 
and 1998, there were only 177 reported cases of meningocele 
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and meningoencephalocele, with the majority following 
mastoidectomy. In a six-patient case series of patients with delayed 
temporal lobe encephaloceles following trauma, mastoidectomy, 
or cholesteatoma, five out of six of the bony defects were 1.0 
× 1.0  cm or greater.[17] However, we anticipate the risk of late 
temporal encephalocele to be very low. In each of our cases, the 
size of the tegmen defects was <0.7 × 0.7  cm. If there was any 
concern for dural thinning related to the drilling of the tegmen 
mastoideum, as was the case in patient number two, a Duragen 
onlay was applied to the dural surface at the conclusion of 
epidural abscess evacuation, which will result in the formation of 
a collagenous membrane and limit the potential for encephalocele 
formation. No temporal lobe encephalocele was noted on a 
6-week postoperative MRI. e use of an extended course of 
intravenous antibiotics likely also helped to prevent disease 
recurrence and infection through a residual tegmen defect.

A potential limitation of accessing the intracranial space 
through a small tegmen window is suboptimal exposure 
of the MCF and difficult access to the area of infection. 
However, epidural abscesses are confined within spaces 
of dural adherence to suture lines and can be successfully 
managed with limited exposure techniques compared 
to deeper infections, such as subdural empyema.[10] 
Furthermore, our senior author’s experience with surgical 
management of epidural abscesses is that purulent material 
within the epidural space tends to be less fibrinous than 
purulent material within the subdural space and thus more 
amenable to limited-access drainage techniques.
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CONCLUSION

A transmastoid approach through the tegmen provides an 
alternative approach to otogenic epidural abscesses of the 
MCF. Collaboration between pediatric otolaryngology and 
neurosurgery can allow for a single-stage surgery without the 
need for craniotomy or burr-hole drainage that is both safe 
and efficacious.
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