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Abstract

Background: Cerebrospinal fluid rhinorrheais a serious
and potentially fatal condition that still presents a major chal-
lenge in terms of its diagnosis and management.

It is estimated that meningitis develops in approximately
10%-25% of patients with this disorder, and 10% of them die as
result. Approximately 80% of all cases of CSF rhinorrhea are
caused by head injuries that are associated with cranial frac-
tures.

Aim of Sudy: To evaluate the technique and perioperative
management for cerebrospinal fluid (CSF) leak following an-
terior skull base fracture via extradural anterior skull base ap-
proach.

Patients and Methods: This study was executed at the
Department of Neurosurgery of Benha University hospitals,
Egypt from June 2024 to December 2024. This study included
patients with post-traumatic CSF rhinorrhea following signif-
icant anterior skull base fractures treated surgically using an
extended extradural anterior skull base approach. Analysis was
done on the information from radiological and medical records,
surgical methods, repair methods, perioperative care, surgical
results, and postoperative monitoring. Patients were monitored
for postoperative complications and the result of CSF leaks.
Frequencies and percentages were used to display the data.

Results: Twenty-five patients were comprised in this study.
The mean age of the patients was 41.5 years (range 30-53
years). The remaining 18 patients with chronic or recurring
CSF rhinorrhea underwent repair surgery 2 to 3 weeks follow-
ing theinitial trauma, whereas seven patients underwent sur-
gery within two weeks. The mean duration of the follow-up was
six months. All of the patients experienced numerous fractures
in the anterior skull base. The primary objective of the surgical
procedure was to establish awatertight barrier around the dura.
In 14 patients, the frontal peri-cranial flap was employed alone,
whereasin 8 patients, it was joined with the temporalis muscle
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and/or its fascia. Free fascia Lata graft was used instead in the
rest 3 patients. The patients were all discharged without any
evidence of a CSF leak. Mortality was absent from this series.
The most prevalent complication was bilateral anosmia. At the
follow-up, 3 patients experienced recurrent CSF leaks, while 2
cases experienced postoperative infections.

Conclusion: Anterior prolonged intracranial extradural ap-
proach is frequently necessary for the aggressive treatment of
traumatic CSF rhinorrhea with substantial anterior skull base
fractures. Vascularized tissue flaps are effective grafts for the
rebuilding of the anterior cranial base, either independently or
in conjunction with the temporalis muscle and accompanying
fascia. Additionally, sometimes the fascia L ata can be used as
afree autologous graft. The method is often reserved for in-
dividuals who have sustained anterior skull base injuries and
experience post-traumatic cerebrospinal fluid rhinorrhea.

Key Words: Rhinorrhea — Anterior skull base — Post-traumatic
— CSF leak — Extradural.

Introduction

CEREBROSPINAL fluid rhinorrheais a signifi-
cant and potentially lethal illness that continues to
pose asignificant barrier in terms of diagnosis and
management [1,2].

Meningitisis suspected to manifest in around
10% to 25% of people with this ailment, and 10%
of them succumb to the condition. Approximately
80% of all occurrences of CSF rhinorrhea are the
result of head injuriesthat are linked to crania frac-
tures[34].

The estimated incidence of basilar skull fracture
with no penetrating head trauma ranges from 7% to
15.8% of all skull fractures, with concomitant CSF
leakage occurring in 10% and 30% of these patients
[5,6].

Duratears and resultant cerebrospinal fluid
(CSF) leaks are frequent due to the dura’ s strong
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attachment to the skull base. The leak can occur in
any location where the dura mater is lacerated dur-
ing injury and there is contact between the cerebral
and nasal cavities[7,9].

It remains challenging to objectively analyse the
research in relation to the best therapy of CSF leak-
ing following craniomaxillofacial trauma, despite
numerous advancements [9,10] .

Furthermore, the success of nonsurgical treat-
ment modalities, including bed rest and CSF di-
version, has not been consistently analysed by any
authors. Furthermore, the incidence and natural his-
tory of this disease entity, the necessity for antibi-
otics, and the surgical indications for and timing of
intervention remain poorly understood [11] .

Additionally, the complications and disparities
associated with the leakage of CSF as aresult of
severeinjury are multifaceted. We have undertaken
acomprehensive analysis of the available literature
and are now reviewing the diagnosis and manage-
ment of CSF rhinorrheain the context of traumat-
ic anterior skull base injuries. Our objectiveisto
identify areasin which additional study isrequired
[12,13].

Objective:

The objective of thisinvestigation isto assess
the technique and perioperative therapy for CSF
leak following an anterior skull base fracture using
an extradural anterior skull base approach.

Patients and Methods

This study was executed at the Department of
Neurosurgery of Benha University hospitals, Egypt
from June 2024 to December 2024. The study fo-
cused on individual s presenting with post-traumatic
cerebrospinal fluid (CSF) rhinorrhea secondary to
significant anterior skull base fractures, managed
surgically through an extended extradural anterior
skull base approach. Comprehensive analysis in-
cluded medical and radiological records, surgical
procedures, repair strategies, perioperative care,
outcomes, and follow-up data. Patients were closely
monitored for postoperative complications and the
resolution of CSF leakage. Data were summarized
and reported in terms of frequencies and percent-

ages.

Inclusion criteria:

1- Patients with extensive anterior skull base frac-
ture.

2- Patients with CSF rhinorrhea.

Exclusion criteria:
* Patients with spontaneous CSF rhinorrhea.

Extended Extradural Anterior Skull Base Approach

Pre-oper ative assessment:

Complete neurological and general examina-
tions were administered to all patients. Glasgow
Coma Scale (GCS), age, blood pressure, blood glu-
cose level, sex (male to femal e ratio), and present
symptoms were all assessed.

Presenting symptoms like headache, bleeding
per nose or disturbed conscious level were assessed.

Also occurrence of meningitis was assessed in
early days after trauma and also in the following 4
weeks after trauma.

A straightforward test was conducted to ascer-
tain the presence of CSF by visualizing aring or
halo indication on a piece of gauze in the case of a
nasal leak.

Theclinical and radiological records of the pa-
tients included in the review were examined, in-
cluding their clinical status and admission results,
initial imaging data, fracture features and associ at-
ed cerebral abnormalities, surgical procedures, and
treatment outcomes.

Neuro-radiological assessment:

Upon admission, al patientsincluded in the
study underwent athin slice (Imm) CT scan with
good resolution. The skull base fracture deficiencies
were identified during post-processing with coronal
and sagittal reconstructions.

Patients who were able to tolerate the operation
underwent magnetic resonance imaging (MRI). In
addition to the augmentation of the magnetic res-
onance imaging to eliminate the likelihood of a
brain abscess, the fistulawas localized using a fast
spin-echo sequence with fat saturation and strongly
T2-weighted images. The “reservoir sign,” which
was the capacity of a patient to leak CSF by flexing
the head, was incorporated to enhance the possibili-
ty of discovering an undetected fistula.

Indications for extradural anterior skull base
approach:

CSF rhinorrheathat is the result of complex
frontobasal injuries or recalcitrant rhinorrheais of-
ten treated using an extradural anterior skull base
approach. Key factors influencing the decision to
employ an extradural approach include the pres-
ence of extensive comminuted fractures or multiple
defectsin the anterior skull base, difficulty in pin-
pointing the exact location of afistula, evidence of
multiple fistulae, associated cerebrocranial injuries,
and failure of previous surgical attempts to resolve
the condition.

Surgical approach:

The anterior skull base approach was employed
for al patients, utilizing abifrontal coronal incision
that extended from one zygomatic level to the other.
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This approach enables the collection of an ample
pericranial tissue supply. Following the extended
bifrontal coronal incision and subgaleal dissection,
apericrania flap was fashioned, allowing for the
creation of a standard pedicled pericranial flap. In
cases where the pericranium was compromised due
to previous surgeries or trauma, making the flap
unavailable or insufficient, a vascular-pedicled flap
typically sourced from the temporalis muscle with
or without its associated fascia was predominant-
ly used for reconstruction. If pedicled graft options
were insufficient, an autologous fascia lata graft
was obtained from the lateral thigh.

Subsequent to tissue flap preparation, a bifrontal
craniotomy was performed. The bone window was
positioned as close as possible to the orbital rim to
optimize working angles. Using an operative micro-
scope, the dura of the anterior cranial base was care-
fully detached from the underlying bone. The entire
anterior cranial base was then thoroughly examined
through a bilateral extradural subfrontal approach to
identify and address any dura tears. Repairs were
executed directly via suturing when feasible or in-
directly by applying pericranium or alternative graft
material secured with fibrin glue.

The repaired subfrontal durais enveloped by a
pedicled flap of pericranial tissue, which isinitially
expanded to encompass the entire anterior cranial
base and then folded over. Subsequently, fibrin glue
was utilised to affix the graft securely. The dura
and anterior skull base were rebuilt extradurally. To
facilitate retraction and aleviate brain tissue, or to
assess the impermeability of the sutured dura, we
generdly perforate the durawhen there is an asso-
ciated intradural injury necessitating the evacuation
or release of cerebrospina fluid (CSF).

Postoper ative management:

The patients were admitted to the intensive
care unit for monitoring following the operation.
The patients were maintained in a supine position
for approximately seven days. Strenuous activity,
straining, or nose blowing were prohibited for ap-
proximately 6 weeks after the surgery to prevent the
graft from being disrupted. We opted to administer
postoperative prophylactic intravenous antibiotics
due to the fact that dissection happens through a
polluted operative field. The length of postoperative
antibiotic therapy was extended for individual s with
preoperative definite meningitis. The usual use of a
lumbar CSF draining catheter postoperatively was
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not seen. For patients with a confirmed cerebral in-
fection or those who were unable to obtain a water-
tight dura seal intraoperatively, CSF drainage was
implemented. The presence of postoperative men-
ingitis was monitored with the frequent sampling
of CSF for laboratory testing, either through serial
lumbar puncture or lumbar draining.

Follow-up:

The outpatient clinic was utilized to conduct
follow-up with the patients or their families. The
follow-up data comprised nasal discharge, menin-
gitis manifestation, wound or incision healing, and
anosmia. The follow-up period lasted for 6 months.

Illustrative case:

A 53-years-old man had head trauma after fall-
ing from a height in home.

His forehead collided with the earth. The frontal
skull bone was exposed and depressed, and many
lacerations were found on the forehead. Continuous
rhinorrhea of CSF was noticed. Urgent CT brain
was done showing fracture of the frontal sinus and
anterior base of the skull with pneumocephaly. Fig.
D).

The body did not exhibit any other injuries. The
patient’ s pupils were receptive and regular, and they
were alert. An urgent operation was scheduled to al-
leviate the infection from the open incision and the
depressed fractures. He was transported to the op-
erating room and administered general anesthesia.
The frontal bone was revealed through a prolonged
incision of the forehead lacerations following sa-
lineirrigation and aseptic scalp cleaning. The dura
was exposed during afrontal craniotomy that was
conducted at the fracture’ s edge. A dural defect was
identified in the bone of the right frontal base.

The dural defect was primarily repaired using
the graft of the frontal pericranium. Fig. (2).

Stitching-up was employed to reposition the
bone fragments that were removed from the anteri-
or cranial fossa. The comminuted frontal bones and
craniotomy were successfully repaired. The beauty
aspect was taken into account when the scalp was
meticulously closed. There was no evidence of in-
fection or CSF leakage subsequent to the procedure.

Post-operative CT brain was done to assess for postop-
erative bleeding and the pneumocephaly. Fig. (3).
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Fig. (1): Preoperative CT brain soft window axial view, bone window sagittal view and 3D reconstruction.
(Benha University Hospital, Neurosurgery Department).

Fig. (2): Intraoperative images for repairing of the skull base dura by pericranium.
(Benha University Hospital, Neurosurgery Department).
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Fig. (3): Postoperative CT brain soft window axial view, soft window sagittal view and 3D reconstruction.
(Benha University Hospital, Neurosurgery Department).

Results

Our research was executed prospectively in
Benha University Hospitals on 25 cases suffering
from post-traumatic CSF rhinorrhea occurred after
extensive anterior skull base fracture whom were
operated in Neurosurgery Department.

Age:
The age of the patients ranged between (30 and
53 years) with amean of 41.5 years.

Sex:

In our study there was male predominance as
there were 18 males and 7 females. Table (1).

No statistically significant difference was de-
tected between the sex of patients and the outcome.

Table (1): Sex of patients.

Sex Number of patients

Mae 18 (72%)

Female 7 (28%)
Mode of trauma:

According to the mode of traumawe had 14 pa-
tients presented after road traffic accident, 6 patients
after falling from a height and 5 patients after mo-
torcycle accident. Table (2).

Table (2): Mode of trauma and number of patients.

Mode of trauma Number of patients

Road traffic accident 14 (56%)
Falling from a height 6 (24%)
Motorcycle accident 5 (20%)




258 Extended Extradural Anterior Skull Base Approach
16 Table (5): Pre-operative CT brain findings
14 (. Number of patientsJ ' '
1 Preoperative CT brain Number of patients
10 Frontal sinus fracture 18 (72%)
Intracrania pathology 20 (80%)
8
6 . .
In our study all cases with frontal sinus fracture
4 had intracranial pathology like brain contusion, sub-
> dural hemorrhage or epidural hematoma.
0 : Time of operation after trauma:
Road traffic ~ Fallingfrom — Motorcycle In our study we followed-up for conservative
accident aheight accident treatment at first by medical treatment and good po-

Diagram (1): Mode of trauma and number of patients.

Presenting symptoms:

At the time of presentation in the emergency
room we had 12 patients complaining of headache
only after trauma, also 7 patients complained of
bleeding per nose and the remaining 6 patients had
disturbed conscious level.

Table (3): Presenting symptoms.

Presenting symptoms Number of patients

Headache 12 (48%)
Bleeding per nose 7 (28%)
Disturbed conscious level 6 (24%)

In our study we had 6 cases with history of men-
ingitis for one attack and 8 cases with recurrent at-
tacks while the remaining 11 case had no history of
meningitis.

Onset of CSF rhinorrhea after trauma:

In our study all patients included had CSF rhi-
norrhea but the onset of rhingrghea was different; 6
patients had CSF leak in the ", day after trauma, 9
patients had CSF legk at the ~ ~ day and 10 cases
had CSF leak at the = day.

Table (4): Onset of CSF rhinorrhea after trauma.

Onset of CSF rhinorrhea Number of patients

1st day 6 (24%)
3d day 9 (36%)
7th day 10 (40%)

Preoperative CT brain findings:

In the preoperative CT brain we had 18 cases
with frontal sinus fracture and 20 cases with intrac-
ranial pathology like brain contusions or intracrani-
al hemorrhage.

sitioning for the patients for at |east one week.

We had 7 patients operated in the " week after
trauma, 11 cases operated after 2 weeks and 7 cases
after 3 weeks from the time of trauma

Table (6): Time of operation after trauma.

Time of operation after trauma Number of patients

In the °"™ week after trauma 7 (28%)
After 2 weeks 11 (44%)
After 3 weeks 7 (28%)

Graft used in surgery:

In all cases we used an alograft to repair the site
of leak in the anterior cranial fossa.

We used pericranium in 14 cases, Temporalis
fasciain 4 cases, Temporalis muscle in 4 cases and
FasciaLatain 3 cases.

Table (7): Graft used in surgery.

Graft used in surgery Number of patients

Pericranium 14 (56%)
Tempordisfascia 4 (16%)
Temporalis muscle 4 (16%)
FasciaLata 3 (12%)

Postoperative complications:

In the follow-up after surgery we had some post-
operative complications.

The most common complication was anosmia
that occurred in 16 patients that improved in fol-
low-up in only 9 cases.

Postoperative CSF leak happened in 3 cases that
managed by insertion of lumbar drain in one case
and redoing the surgery in 2 cases.
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Postoperative wound infection occurred in 2
cases and treated by medical treatment by antibi-
otics.

Table (8): Postoperative complications.

Postoperative complications Number of patients

Anosmia 16 (64%)
CSF leak 3 (12%)
Wound infection 2 (8%)

Discussion

In our study the age of the patients ranged be-
tween (30 and 53 years) with amean of 41.5 years.
Also there was male predominance as there were
18 malesand 7 females. No statistically significant
difference was detected between the sex of patients
and the outcome.

According to the mode of traumawe had 14 pa-
tients presented after road traffic accident (56%), 6
patients after falling from a height (24%) and 5 pa-
tients after motorcycle accident (20%).

In our study we had 12 patients complaining of
headache only after trauma (48%), also 7 patients
complained of bleeding per nose (28%) and the re-
maining 6 patients had disturbed conscious level
(24%).

Theinitial assessment of a patient who presents
with CSF rhinorrhea commences with a thorough
physical examination and medical history. After a
head trauma, the most prevalent presenting symp-
tom isaclear, watery discharge from the nose. In
the supine posture, there is a possibility of an in-
crease in postnasal drip. Thereisahigh risk of de-
veloping meningitis.

In our study we had 6 cases with history of men-
ingitis for one attack (24%) and 8 cases with recur-
rent attacks (32%) while the remaining 11 case had
no history of meningitis (44%).

Schick et al., revealed that 61.9% of patients
had meningitis, with 7 (33.3%) experiencing asin-
gle episode and 6 (28.6%) experiencing recurrent
episodes which is consistent with our findings [14] .

The physical examination istypically normal,
with the exception of CSF rhinorrhea, whichisare-
sult of anincreasein intracranial tension and occurs
during forward bending or straining. The visualiza-
tion of aring or halo indication is a straightforward
diagnostic for detecting the presence of CSF. This
examination lacks specificity.
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Dulaet al., discovered that the ring sign mani-
fested when blood was combined with water, saline,
and other mucus [15].

In our study all patients included had CSF rhi-
norrhea but the onset of rhi nor{gea was different;
6 patients had CSF leak inthe "~ day, gfter trauma
(24%), 9 patients had CSF leak at3he = day (36%)
and 10 cases had CSF leak at the — day (40%).

Brijesh Kumar et al., an early onset rhinorrhea
was observed in three cases (7.3%), early start rhi-
norrhea that improved with conservative care but
recurred and continued in 12 cases (29.3%), and
delayed onset rhinorrheain 26 cases (63.9%) [16].

In order to identify bone defects, high-resolution
CT scans should be conducted in al instances with
CSF rhinorrhea. It is also capable of identifying hy-
drocephalus, soft tissue masses, and pneumoceph-
alus.

In the preoperative CT brain we had 18 cases
with frontal sinus fracture (72%) and 20 cases with
intracranial pathology like brain contusions or in-
tracranial hemorrhage (80%). In our study all cases
with frontal sinus fracture had intracranial pathol-
ogy like brain contusion, subdural hemorrhage or
epidural hematoma.

MR exam was administered to those who were
able to tolerate the procedure. In addition to the
augmentation of the magnetic resonance image to
exclude the potential of a cerebral abscess, afast
spin-echo sequence with fat saturation and strongly
T2-weighted images were employed to identify the
fistula and the presence of a meningoencephalocele.

Wakhloo et a., were able to identify one menin-
goencephal ocele and three traumatic CSF fistulas
in six CSF rhinorrhea patients who underwent MRI
with T2 weighting. When it comes to identifying
bone deformities, MRI is not as effective as CT and
is significantly more costly. Surgical repair requires
the precise location of the leak; otherwise, patients
would remain at danger of meningitis, which can be
fatal [17].

There are two approaches to treating CSF rhi-
norrhea: Conservative care and surgical manage-
ment. Conservative control works effectively for
most posttraumatic CSF leaks. The risk of meningi-
tisis approximately ten times higher if a CSF leak
persists.

Complete bed rest is part of conservative man-
agement. For seven to ten days, the patient iskept in
bed with the head of the bed raised 15 to 30 degrees
and is not alowed to cough, strain, or lift anything
heavy.

According to reports, 90 to 95% of all traumat-
ic CSF leaks recover on their own when treated in
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thisway. In our study we follow-up for conservative
treatment at first by medical treatment and good po-
sitioning for the patients for at |east one week.

We had 7 patients operated in the 20 \veek af-
ter trauma (28%), 11 cases operated after 2 weeks
(44%) and 7 cases after 3 weeks from the time of
trauma (28%).

In our study we used the intracranial approach
for direct visualization of aleak from above and al-
lowing treatment of coexisting intracranial pathol-

ogy.

In all cases we used an allograft to repair the
site of leak in the anterior cranial fossa. We used
pericranium in 14 cases (56%), Temporalisfasciain
4 cases (16%), Temporalis muscle in 4 cases (16%)
and Fascia Latain 3 cases (12%).

n

In the follow-up after surgery we had some post-
operative complications. The most common com-
plication was anosmiathat occurred in 16 patients
(64%) that improved in follow-up in only 9 cases.

Postoperative CSF leak happened in 3 cases
(12%) that managed by insertion of lumbar drainin
one case and redoing the surgery in 2 cases.

Brijesh Kumar et al., Postoperative CSF leak
happened in 10 cases (24.4%) that managed by in-
sertion of lumbar drain in 2 cases and redoing the
surgery in 8 cases[16].

Postoperative wound infection occurred in 2
cases (8%) and treated by medical treatment by an-
tibiotics.

Conclusion:

Particular attention is needed for posttraumatic
CSF rhinorrhea. Conservative therapy is used ini-
tially, but if the leak continues after 7 to 10 days,
surgery is necessary to fix it and prevent complica-
tions like meningitis. Preoperative imaging such as
CT or MR can be used to locate the leak site, which
iscrucial for a successful surgical repair.

An prolonged intracranial extradural approach
is frequently required for aggressive treatment of
traumatic CSF rhinorrhea with substantial anterior
skull base fractures. For anterior cranial base repair,
vascularized tissue flaps work well as grafts, either
by themselves or in conjunction with the temporalis
muscle and accompanying fascia. Fascia Lata can
also occasionally be used as a free autologous graft.
The method is often saved for individuals who have
anterior skull base injuries and post-traumatic CSF
rhinorrhea.
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