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Abstract: Cerebrospinal fluid (CSF) leakage caused by skull base 

fracture represents high risks of bacterial meningitis, and a rate of 

mortality of 8.9%. Endoscopic endonasal repair of CSF leaks is quite 

safe and effective procedure with high rates of success. The aim of 

this study is to describe our technique for management of skull base 

CSF leaks secondary to craniofacial trauma based on the anatomic 

location of the leak. This is a retrospective case series of 17 patients 

with diagnosis of craniofacial trauma, surgically treated with sole 

endonasal endoscopic and combined endonasal/transcranial 

approaches with diagnosis of CSF leak secondary to skull base 

fractures. Seventeen patients met inclusion criteria for this study. 

Mean age was 46 years old. Most common etiology was motor 

vehicle. Early surgery was performed in 8 patients, and late surgery 

in 9 patients. The most common site of CSF leak was at ethmoid cells 

or at the fronto-ethmoid junction in 9 patients. Thirteen patients 

(76.4%) were treated only with endonasal endoscopic technique, and 

4 (23.5%) with hybrid surgery, combining endonasal endoscopic and 

cranial bicoronal approaches with nasal and pericranial vascularized 

flaps, and nasal mucosal free flaps. Mean hospital stay was 23.7 days. 

The mean follow-up time was 25.6 months. When surgical 

reconstruction is indicated for CSF leaks secondary to skull base 
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fractures, endonasal endoscopic techniques should be part of the 

surgical management either as a sole procedure, or in combination 

with classical transcranial approaches with high rates of success and 

low morbidity. 
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he frontal, ethmoidal, and sphenoidal bones form the paranasal 
sinuses and the anterior skull base; any traumatic force through 

those structures can cause complex fractures with a communication 
of the subarachnoid space to the nasal cavity.1 This results in 
cerebrospinal fluid (CSF) rhinorrhea which is a critical situation 
that represents high risks of bacterial meningitis and high mortal- 
ity.2 Cerebrospinal fluid leaks from skull base fractures pose unique 
management challenges and there is no consensual algorithm for 
their diagnosis or treatment. 

The goals of reconstructing skull base dural defects are to 
completely separate the cranial cavity from the sinonasal tract, 
to eliminate dead space, and to preserve the neurovascular and 
ocular functions. The access and visualization of those areas may be 
difficult1 and the endonasal endoscopic procedures have become an 
important part of their surgical treatment, as they are quite safe and 
effective with high rates of success. Classic transcranial approaches 
are indicated in some cases, but they need to be used judiciously and 
correct anatomical considerations need to be taken because of the 
risk of morbidity.3 

We present an anatomical study and a case series of patients 
treated with solely endoscopic endonasal and hybrid techniques for 
the repair of skull base post-traumatic CSF leaks. 

 

MATERIALS AND METHODS 

Patients 
We performed a retrospective chart review of patients who 

underwent surgical repair of post-traumatic CSF leaks from the 
skull base. Patients were treated at 3 different institutions (ABC 
Medical Center; Institute of Social Security of Mexico State and 
Provinces; and Medica Sur Medical Center), between January 2016 
and December 2019. Inclusion criteria were 

(1) diagnosis by computed tomography (CT) scan of traumatic 
fracture of the skull base; 
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(2) clinically diagnosed CSF leak; 

(3) patients whose fistula repair procedure included an endonasal 
endoscopic surgery, with the use of nasal mucoperiostium 
grafts. 

Exclusion criteria were 

(1) previous surgical treatment for fistula management. 

 
The clinical and surgical data collected included demographic 

and epidemiological information, surgical findings, and clinical 
outcome. 

Cerebrospinal fluid leak diagnosis was made clinically; serial 
axial and sagittal high-resolution CT images of the head, facial 
bones, and cervical spine were obtained to assess intracranial 
pathology and fractures of the cranium, cervical spine, and face. 
In some cases, a CT-scan-based radionuclide cisternography was 
made the CSF leak site wasn’t clear after nonenhanced CT scan. We 
classified skull base fractures into 3 groups depending on the 
location of the CSF leak, based on the classification proposed by 
J. B. Archer et al1 (Fig. 1): type I CSF leaks were located at the 
anterior cranial fossa, compromising the ethmoidal and/or frontal 
bone and sinuses; type II CSF leaks were those with CSF leak 
located at the ethmoid-sphenoid junction, the sphenoid body, the 
lesser/greater sphenoid wings or clivus, as all this structures can be 
pneumatized within the sphenoid sinus; type III CSF leaks had 
multiple sites of CSF leaks within the anterior and middle cranial 
fosses. This study was performed in accordance with the ethical 
standards of the research committees at the Hospitals involved, and 
with the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. Informed consent was obtained from 
all individual participants included in the study. 

 

Surgical Technique 
Surgical procedures were made in a supine position, with the 

head fixed in a Mayfield-Kees headrest with a 108 to 208 head 
extension. We performed the 2-surgeon binarial technique for 
endonasal endoscopic procedures. We explored the nasal cavity, 
identifying the sites of fractures, the viability of potential mucosal 
donor sites and we located the sites of CSF leak. 

Type I fractures management by purely endoscopic endonasal 
technique (Figs. 2 and 3): after identifying the site of CSF leak 

 

FIGURE 1. (I) Type I CSF leaks compromises the anterior cranial fossa, within the 

frontal and ethmoidal bones and sinuses; the reconstruction of skull base defects 
that are only at this location can be repaired through middle turbinate and 
anterior nasoseptal flaps. (II) Type II defects affect the middle cranial fossa, 
within spheno-ethmoidal junction or the esphenoidal bone and sinus; the 
fracture can extend through the clivus to the posterior cranial fossa, being 
endoscopically accessible at the sphenoidal sinus, and to the greater and lesser 
sphenoid wings when they are pneumatized through the sphenoid sinus; skull 
base defects located at this site can be repaired using a nasoseptal flap. (III) Type 
III CSF leaks affect both anterior and middle cranial fossa, compromising frontal, 
ethmoidal and sphenoidal bones and sinuses. This kind of CSF leaks require 
extensive reconstructive maneuvers that include a nasal based flap (nasoseptal 
flap if possible) for the defects that encompass the sphenoid sinus and the 
lamina cribosa, and a bicoronal approach with an anterior or lateral pericranial 
flap that covers the skull base defects from the frontal sinus to the fronto- 
ethmoidal junction. CSF, cerebrospinal fluid. 

 

 
 

FIGURE 2. Clinical case of a 66 year-old female with craniofacial trauma 

secondary to a fall from a stair and a skull base fracture and CSF leak and 
surgery was performed as no response was achieved with lumbar CSF drainage. 
(A) CSF leak was located at left ethmoidal fovea (white arrow). (B) The 
ethmoidal cells located at the site of the CSF leak were cranialized leaving the 
bony roof of the nasal cavity and the defect exposed (white arrow). (C) 
Multilayered technique is used for CSF leak closure with collagen dura substitute 
(white arrow) and septal bone (white asterix). (D) A free NSF is placed over 
covering the entire defect and the cranialized ethmoidal cells (white arrows). 
CSF, cerebrospinal fluid; NSF, nasoseptal flap. 

 
 

(Fig. 2A), the mucosal graft is harvested; when the CSF leak site is 
located anteriorly at the frontal sinus, fronto-ethmoid junction or 
ethmoidal cells, we prefer to use a free not vascularized nasal 

 
 

FIGURE 3. Clinical case of a 42 year-old male who had a motor vehicle accident 1- 
year before his arrival to the emergency department with watery fluid drainage 
from the right nostril and severe headache. (A) CTscan at initial evaluation, where 
a defect is seen at the fronto - ethmoidal junction (white arrow) and 
pneumoencephalus originated through it (white asterix). (B) Operative endonasal 
endoscopic view of the encephalocele with a high a flow CSF leak (black arrow). 
For exposure of the defect, we needed to retire part of the anterior ethmoidal cells 
in order to expose all the osseous borders of the defect. (C) Operative endonasal 
endoscopic view of a MTF (black arrows) covering all the borders of the osseous 
defect. The bone of the middle concha was left within the middle turbinate, in 
order to give support to the skull base defect (pedicled MTF technique). (D) 1-year, 
follow-up CT-scan with no CSF fistula recurrence. CSF, cerebrospinal fluid; CT, 
computed tomography; MTF, middle turbinate flap. 
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mucosal graft; in cases when the mucosa of the middle turbinate 
(MT) is available, it can be used as a donor site; the cuts are made at 
the base of the MT, posteriorly at its junction with the ethmoidal 
fovea, anteriorly at the limit of the MT, superiorly at its base and 
inferiorly at the free edge of the turbinate; this is technically 
challenging as the bone of the MT is thin and can be easily broken, 
with risk of perforating the graft. It is not recommended to resect the 
MT as it increases the risk of postoperative bleeding.4 In cases when 
MT is not available for mucosal grafting because of its damage 
secondary to the facial trauma, a free nasoseptal flap (NSF) is 
preferred; it is done with sub mucoperiosteal dissection, making a 
superior cut at the level of the MT, and an inferior cut at the level of 
the floor of the nasal cavity; the anterior cut can be done as 
anteriorly as necessary, and the posterior cut is done at the junction 
between the septum and the sphenoid rostrum, anterior the site of 
bifurcation of the sphenopalatine artery in order to avoid a vascular 
lesion at this site. With both techniques, it is important to harvest a 
larger piece than anticipated to account for contraction of the graft. 
In cases of frontal sinus CSF leaks it is required a wide frontal 
sinusotomy for visualization and the use of angled endoscopes. 
When the defect is located at the ethmoidal cells or fronto-ethmoi- 
dal junction, we retire the ethmoidal cells, exposing the defect and 
the bone of the cribiform plate surrounding it, in order to make 
space for the graft (Fig. 2B). The oblique shape of the cribiform 
plate makes technically challenging to place the graft, and precise 
graft placement is essential. We prefer to use a multilayered 
technique, using a collagen dural substitute, bone or cartilage, 
the free mucosal graft, and fibrin glue (Fig. 2C-D). In some cases 
when there is integrity of the MT and when the CSF leak is located 
just above it, we found it feasible to cut the base of the MT all 
through its most posterior attachment, and to rotate it to cover the 
defect (Fig. 3). 

Type II fractures management by purely endoscopic endonasal 
technique (Figs. 4–6): after endoscopic inspection of nasal cavity and 
lateralization of right MT, the NSF is harvested with the technique 
described by Hadad et al5; then a posterior septostomy is done, 
followed by exposure of the rostrum sphenoidal and a wide opening of 
the sphenoid sinus. It is important to drill the floor of the sphenoid 
sinus enough to allow a complete rotation of the NSF without tension 
in order to achieve a complete attachment of the flap at the site of the 
CSF leak (Fig. 4D, 5D, and 6D). After complete cranialization of the 
sphenoid sinus, the site of the CSF leak must be localized. If the defect 
is localized laterally, a transpterygo-sphenoid approach needs to be 
done, with the drilling of the base of the pterygoid process, in order to 

 

FIGURE 4. Clinical case of a 20 year old female with craniofacial trauma 
secondary to a motor vehicle accident; she began with watery drainage 
from both nostrils at fifth day after trauma. Initial CT scan showed a fracture at 
the planum sphenoidale and a CSF lumbar drainage was placed and CSF leaked 
resolved; CSF drainage recurred 1 month later and (A) T2-weghtened magnetic 
resonance imaging showed an encephalocele at the planum sphenoidale (white 
arrow) (B) surgical image of endonasal endoscopic procedure: the 
encephalocele is exposed after opening of the sphenoidal sinus and after the 
resection of the sphenoidal sinus mucosa (white arrow). (C) Multilayered 
technique is used for CSF leak closure; fat graft is used to keep the encephalocele 
intracranial (black asterix). The defect closure is reinforced with fascia lata (white 
arrow) and bone (black arrow). (D) The NSF is placed covering all the sphenoidal 
sinus and planum sphenoidale (white arrows). CSF, cerebrospinal fluid; CT, 
computed tomography; NSF, nasoseptal flap. 

 

 
 

FIGURE 5. Clinical case of a 37 year old male that had a motor vehicle accident 

5 years previously, and arrived at the emergency department with meningitis 
and watery drainage from both nostrils. (A) CT scan with an image suggestive of 
an encephalocele seen at the clivus (white arrow). (B) Operative endonasal 
endoscopic view of a defect at the clivus with protrusion of the prepontine 
arachnoid membrane and a high flow CSF leak (black arrow); in order to expose 
the osseous borders from the skull base defect, the paraclival bone had to be 
drilled (asterisk). (C) The NSF covers all the osseous defect (black arrows). CSF, 
cerebrospinal fluid; CT, computed tomography; NSF, nasoseptal flap. 

 

 

access to the lateral recess of the sphenoid sinus (Fig. 5). A multilay- 
ered technique is preferred with collagen dural substitute, fascia lata, 
bone, the NSF and fibrin glue (Fig. 5C and 6C); in cases when there is 
an encephalocele, it is useful to place an autologous fat graft within 
the defect in order to keep the encephalocele at the intracranial space 

 
 

FIGURE 6. Clinical case of a 45 year old female with craniofacial trauma secondary 

to a fall from a 2 meters flat, who presented with watery discharge from both 
nostrils. (A) CT scan showed a bony defect at the right lateral recess of the 
sphenoidal sinus and the cavity occupied by liquid (white arrow). (B) Surgical 
image of endonasal endoscopic procedure: the lateral recess of the sphenoidal 
sinus is exposed through a transpterygoid approach and the site of the bony defect 
is exposed. (C) Multilayered technique is used for CSF leak closure: fascia lata 
(black asterix) and nasoseptal bone are placed. (D) The NSF is placed covering all 
the lateral recess of the sphenoidal sinus (white arrows). CSF, cerebrospinal fluid; 
CT, computed tomography; NSF, nasoseptal flap. 
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FIGURE 7. Clinical case of a 42 year-old male that had a fall from a high flat 7 

days before our initial evaluation and presented with upper limbs and 
craniofacial trauma, high flow watery drainage from both nostrils and signs of 
meningitis, early surgical management with hybrid technique (endoscopic and 
cranial) was decided based on (A) Preoperative CT scan findings, where multiple 
fractures are seen at the skull base, located at the planum sphenoidale [1], 
lamina cribosa [2], fronto-ethmoid junction [3], and frontal sinus [4]. (B) 
Operative endonasal endoscopic view of the fracture at the planum sphenoidale 
with a high flow CSF leak communicating with the suprasellar cistern (black 
arrow); this view was achieved after cranializing the sphenoid sinus and retiring 
the posterior ethmoidal cells. (C) Operative endonasal endoscopic view of the 
fractures at the lamina cribosa (white arrow) and the planum sphenoidale (black 
arrow) both with high flow CSF leak; anterior and posterior ethmoidal cells most 
be excised in order to expose the lamina cribosa. (D) Operative endonasal 
endoscopic view of the nasoseptal flap placed from the interior of the 
esphenoidal sinus all through the lamina cribosa, covering the CSF leaks from 
the planum sphenoidale and the lamina cribosa. (E) Operative view of the 
bicoronal approach to the anterior cranial fossa after cranialization of the frontal 
sinus (black arrow); the anterior pericranial flap is being placed to cover the most 
anterior skull base defects (white arrows) after epidural dissection of the anterior 
cranial fossa. (F) 1 year follow-up postoperative CT; nasoseptal and pericranial 
flaps covers all the sites were CSF leaks were found (white arrows). CSF, 
cerebrospinal fluid; CT, computed tomography. 

 
 

(Fig. 5C). We do not routinely cauterize the encephalocele, as usually 
it can be reduced by compression maneuvers with surgical patties. A 
balloon from a Foley catheter is placed for at least 3 days to keep the 
NSF in position. 

Type III fractures management by hybrid technique (Fig. 7): in 
cases of extensive cranial base fractures and multiple CSF leaks at 
the anterior and middle skull base (type III CSF leaks, Fig. 7A) an 
hybrid approach is made with an endonasal endoscopic approach 
described previously, with the use of a NSF placed to cover the 
defects from the sphenoidal sinus all through the sphenoid-ethmoid 
junction (Fig. 7B-C); then a bicoronal bifrontal approach is made to 
the anterior cranial base for reconstruction of most anterior defects; 
a standard bifrontal craniotomy is made with extradural exposure of 
the CSF leaks, with design and placement of an anterior (galeal) or 
lateral (temporal muscle fascia) pericranial flap (PCF) (Fig. 7D). 

In all cases, a lumbar subarachnoid catheter was placed and kept 
for 5 days. Patients were kept with antibiotics for at least 7 days after 
the procedure (Ceftriaxone). Control CT-scan was made within 5th 
and 10th postoperative day. 

 

RESULTS 
Thirty-six patients were consecutively treated with the diagnosis of 
post-traumatic skull base CSF leak, and 17 patients met inclusion 
criteria for this study; the rest of the cases resolved with conserva- 
tive maneuvers. Mean age was 46 years old, and 6 were female and 
11 male patients. Etiology was motor vehicle collision in 7 patients, 
motorcycle collision in 2 patients, and other mechanisms in 8 
patients. Fifteen patients had good neurological status at first 
clinical evaluation (Glasgow Coma Scale >13). Early surgery 

(<2 weeks after trauma) was performed in 8 patients, and late 

 
 

surgery (>2 weeks after trauma) in 9 patients. The patients included 

in this series are listed in Supplementary Digital Content, Table 1, 
http://links.lww.com/SCS/C947. All patients that underwent early 
surgery were managed with lumbar subarachnoid catheter for CSF 
drainage for at least 3 days, and surgical indications were 

(1) CSF leak that did not resolved after at least 3 days of 
conservative measures (4 patients); 

(2) large defects with high flow rhinorrhea (2 patients); and 

(3) patients with large pneumoencephalus (2 patients). 

 
In patients that underwent late surgery, surgical indications were 

(1) recurrence of CSF leak after good response to conservative 
measures (4 patients); 

(2) patients referred from another center that arrived with active 
CSF leak and meningitis (2 patients); and 

(3) patients with late presentation of CSF leak after trauma (3 
patients). 

All patients underwent preoperative endonasal endoscopic 
inspection in order to confirm CSF leak, and a high-resolution 
CT scan was enough to confirm the site of leak in 12 patients. A 
cisternography was needed in 5 patients in order to localize the site 
of CSF leak. 

The most common site of CSF leak was at the ethmoid cells or at 
the fronto-ethmoidal junction in 10 patients. Ten patients (58.8%) had 
type I, 3 (17.6%) had type II and 4 (23.5%) had type III skull base CSF 
leaks. Thirteen patients (76.4%) were treated only with endonasal 
endoscopic technique, and 4 (23.5%) with hybrid surgery, combining 
endonasal endoscopic and cranial bicoronal approaches. Six patients 
were treated with free mucosal flaps, 4 with NSF, and 2 with middle 
turbinate flap (MTF); vascularized mucosal flaps were used in 12 
patients, 3 patients with MTF, 8 patients with NSF, and 4 patients with 
PCF. No patient needed concomitant surgery for intracranial trau- 
matic lesions, and 6 patients had a maxillofacial surgical treatment of 
facial fractures (Supplementary Digital Content, Table 2, http:// 
links.lww.com/SCS/C947). 

Mean hospital stay was 23.7 days. A postoperative CSF lumbar 
drainage was used in all patients for a mean time of 3 days after 
surgery, and it was maintained closed for another 2 days; if no CSF 
leak was observed, the CSF lumbar drainage was retired. A nasal 
foley catheter balloon was placed in all patients when a vascularized 
nasal mucosal flap was used to maintain the graft in place, and it was 
retired after 3 days. Surgical complications rate was 5.9%, with 1 
patient having a postoperative epidural collection at the site of frontal 
craniotomy, that needed drainage; and 1 patient had recurrence of 
CSF leak (5.9%), and needed another surgery to revise the site of CSF 
leak; it was resolved with the add of fascia lata to the multilayer 
reconstruction in a patient with a free mucosal graft technique. No 
patients had postoperative neurological deterioration. The mean 

follow-up time was 25.6 months. Fifteen patients (88.2%) had good 
neurological outcome (Glasgow Outcome Scale <2) (Supplementary 

Digital Content, Table 2, http://links.lww.com/SCS/C947). At fol- 
low-up no patients had surgical infection or mucoceles. 

 

DISCUSSION 

Diagnosis of Skull Base Traumatic Fractures 
The management of a patient with suspicion of CSF leak due to a 

traumatic skull base fracture begins with an accurate diagnosis. The 
cardinal symptom is the leak of clear and watery drainage from the 
nose with a positional dependency that is evident with head eleva- 
tion and neck flexion or (if patient is awake) patient complaint of a 
salty postnasal drip.6 The next step is to determine if there is CSF 
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rhinorrhea and where does it come from. Easy maneuvers can be 
made to determine if there is a CSF leak: when CSF is mixed with 
blood, it produces 2 rings visible on the filter paper (target or halo 
sign); the glucose oxidized test from nasal secretions is a classical 
method in testing CSF leak,7 and it uses glucose oxidase strips that 
show positive result when the sample has a concentration over 
20 mg/dL, knowing that nasal discharge has a normal concentration 

of <10 mg/dL of glucose. Nevertheless, even both of these tests are 

useful as initial evaluation, they have high false positive and 
negative rates, and further testing are needed.8 b2 transferrin is 
only observed in CSF, perilymph, and vitreous humor, so it has high 
sensitivity and specificity for CSF leakage diagnosis; this test has 
the disadvantages of being expensive and it takes longer time for the 
results to be reported; in Mexico it is not yet a common test to run, 
and it is not available in many medical centers. 

High-resolution CT is the primary diagnostic modality used to 
identify cranial and facial fractures. It has been shown to be highly 
sensitive in detecting skull base fractures (up to 80% of sensitivity), 
and is also useful in the diagnosis of CSF fistula with accurate 
pinpointing of the position and size of the leak. The most frequent 
findings are the location of a fracture with liquid within the nasal 
sinuses; and the finding of pneumocephalus, which should be 
considered the equivalent of a CSF fistula. An air volume greater 
than 10 mL is thought to be a risk factor for the development of 
meningitis.1 Magnetic resonance imaging can be done but is not 
usually necessary; its accuracy is about 90%, and it can provide 
details of the content of the CSF leak and to diagnose arachnoid 
herniation through a bone defect.7 Radionuclide cisternography is a 
useful tool to locate the site of CSF leak, when there are multiple 
sites of skull base fractures and when there is doubt of the site of 
active leak. 

 
Surgical and Endoscopic Anatomy of Skull Base 
Traumatic Fractures 

From an endoscopic point of view, the cranial base is 
approached through its extracranial surface; anterior and middle 
fossae are divided by a line extending through the pterygomaxillary 
fissures and the pterygopalatine fossae at the upper level, and the 
posterior edge of the alveolar processes of the maxillae at the lower 
level. Medially this corresponds to the attachment of the vomer to 
the sphenoid bone. Middle and posterior cranial fossae are separated 
on each side by a transverse line crossing near the posterior border 
of the vomer-sphenoid junction, foramen lacerum, carotid canal, 
jugular foramen, styloid process, and mastoid tip. The center part is 
arranged as a midline corridor and comprises the nasal cavity, 
sphenoid sinus, and pharynx. 

Anterior cranial base is formed by the frontal, ethmoid and 
sphenoid bones. Lateral parts are the roof of orbital cavities, and the 
gap between them is filled by the crista galli and cribiform plates of 
ethmoid bones (fronto-ethmoid junction). Dural attachment is tight 
at this site as crista galli gives attachment to the falx, and cribiform 
plates give support to the olfactory bulbs giving pass to the olfactory 
fila. The sphenoid body articulates anteriorly with the ethmoid 
bone.9 The compartments that are surgically reached through the 
superior part of the nasal cavity are the frontal sinus cavity, the 
ethmoid sinuses, and the sphenoid sinus cavity.9 The ethmoid air 
cells are grouped into anterior, middle, and posterior cells; the 
sphenoid sinus is located at the center of the cranial base and its 
degree of pneumatization is variable.10 Evaluation of pneumatiza- 
tion of sphenoid sinus is important to define strategies for recon- 
struction skull base CSF leaks, as it is the center of some of the 
approaches for endoscopic approaches.11 

Free mucosa grafts have been used for endonasal endoscopic 
surgery for several years now; we think that it is the preferred 

 

surgical technique for repairing a CSF leak from the ethmoid- 
sphenoid junction all through the anterior cranial base and the 
frontal sinus, as the oblique shape of the nasal roof and the anterior 
location in relation to the vessels supplying the nasal mucosa flaps, 
makes the free mucosa nasal flap endonasal technique an effective 
and technically feasible option. There are many sites that can be 
used for harvesting a free nasal mucosa graft and although contro- 
versy exists as to which method is most effective, closure rates in 
CSF skull base leak surgery remains greater than 90% across many 
studies.4,12 Despite lacking an axial vessel, the free mucosa graft 
has been shown to heal with surrounding tissue. It should be used as 
an adjunct for augmenting and supporting multilayered closures of 
CSF leaks at the skull base. We prefer to use primarily a free graft 
from the MT, in order to keep viability of a potential vascularized 
flap from the nasal septum,13 but this is not always possible as the 
harvesting of a MT flap is technically challenging, plus it is not 
always possible as the MT can be damaged because of the cranio- 
facial trauma. 

Most used endoscopic autologous vascularized grafts for cranial 
base reconstruction are the NSF and the MTF. The nasal septum has 
a membranous part at the columella, a cartilaginous part overlying 
the septal cartilage, and a bony part formed by the perpendicular 
plate of the ethmoid and the vomer bone, attached to the sphenoid 
crest and rostrum. The surface area of the septum measures 30 to 
35 cm,14 and the sphenopalatine artery is the main vessel supplying 
the nasal mucosa at this site; after it passes the sphenopalatine 
foramen, it gives 2 branches: 

(1) the anterior branch runs along the inferior turbinate and the 
lateral nasal wall; 

(2) the posterior branch, the septal artery, runs over the rim of the 
posterior choana on the sphenoid bone to the apex of the 
vomer, where it divides into a network of arteries in the 
submucosal plane above the periosteum and perichondrium, 
allowing the NSF to be harvested from the nasal septum in a 
subperichondrial and subperiosteal fashion.9 

For flap design, 2 parallel incisions are performed following the 
sagittal plane of the septum, one over the maxillary crest and 
the other 1 to 2 cm below the most superior aspect of the septum; 
the anterior limit is at the entrance of the nostril, where both 
incisions are joined by a vertical incision; these incisions may be 
modified, with extensions laterally for large or anterior defects. At 
the posterior septum, the superior incision is extended laterally with 
an inferior slant over the rostrum of the sphenoid sinus crossing it 
horizontally at the level of the natural ostium. The inferior incision 
is extended superiorly along the free posterior edge of the nasal 
septum and then laterally to cross the posterior choana below the 
floor of the sphenoid sinus.5 Elevation starts anteriorly with a Cottle 
dissector or similar instrument, and it is completed with preserva- 
tion of a posterolateral neurovascular pedicle. 

The MTF is less frequently used for reconstruction of skull base 
defects, but is useful for reconstruction of CSF leaks located at the 
frontal sinus and fronto-ethmoid junction. The MT flap pedicular 
artery arises from posterolateral nasal branch of the sphenopalatine 
artery; the vascular pedicle lies behind the basal lamella of the 
perpendicular plate of the palatine bone; the surface area of the 
MTF is 9.5 cm.2,15 Dissection of the mucoperiosteum is difficult, 
and the length of the flap pedicle is more important than its surface 
area for adequate coverage of defects, so it has not gained much 
popularity.16 Even it is recommended that MT flap should be 
harvested without the concha bone, in some cases, the entire MT 
could be used for some anterior cranial base defects as it gives more 
support to the cranial defect (Fig. 3C). Dissection of the mucoper- 
iosteum is difficult, and destabilization of the MT concha may 
hinder the harvest or lead to a CSF leak.15 Given that the MTF can 
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be rotated to cover the anterior and posterior ethmoid cells, repre- 
sents a good option to cover localized anterior skull base defects 
related to trauma. We found that the MT flap could be used without 
Mucoperiosteum dissection, leaving the MT concha, as it is thin and 
susceptible to mini-fractures and therefore can easily accommodate 
to CSF leaks related defects, with better stability to the recipient site 
and we found no complications related to the use of a MTF (Fig. 3). 
The use of PCF has been the means to repair anterior cranial floor 
defects in classic bicoronal approaches; it can be vascularized 
anteriorly using supratrochlear and supraorbital arteries, and lat- 
erally using the temporal arteries. The temporoparietal fascia flap 
can be also used for skull base reconstruction from the bicoronal 
approach when the anterior-based pericranium pedicle is severely 
damaged or not available.1 

 
Management of Skull Base Traumatic Fractures: 
Surgical Approach 

Traumatic CSF leak is reported in 1.3% to 3% of traumatic 
patients, and in 10% to 30% of the skull base fractures in adults.17,18 
Most cases are related to facial fractures, and more than half of these 
CSF leak present within 48 hours of the trauma while almost all CSF 
occur within 3 months in delayed manner.7,18 The CSF leaks encoun- 
tered in head trauma are located 5 to 6 times more frequent at the 
anterior than at the middle or posterior cranial fossa. The sites more 
often compromised are the frontal and ethmoidal bones and sinuses 
(65%), sphenoid sinus (11.4%–30.8%), and spheno-ethmoid junc- 
tion (7.7%).7 In fractures extending from the greater wing of the 
sphenoid to the sphenoid sinus, rhinorrhea can also occur, even 
though it is a middle fossa fracture. When a defect is not large, 
70% to 94% of cases subsides with bed rest alone, and in some cases, 
with a lumbar subarachnoid drainage.19 Late CSF leaks can presents 
1 week after trauma because of blood clot reabsorption at the site of 
dura tear, or separation of dura and arachnoid membranes when 
cerebral edema subsides.20 The use of antibiotics is controversial, the 
effectiveness is not fully analyzed, but we prefer to use perioperative 
ceftriaxone for 10 to 14 days in order to prevent meningitis.21 

The complex comminuted fractures involving intimately asso- 
ciated nasal cavity, cranial and intracranial structures pose unique 
management challenges.22 The overall risk of developing meningi- 
tis in case of CSF leak is up to 19%, and mortality rate of meningitis 
is up to 8.9%.2 When a dural tear can be sealed successfully, the risk 
for meningitis decreases from 85% to 7% over 10 years.23 

The CSF leaks that are less likely to heal spontaneously are those 
that develop days or weeks after trauma, and massive leaks with 
large skull base defects. The main goal of treatment in surgical 
candidates is the reconstitution of the cranial base anatomy to 
prevent meningitis and mucocele formation.1 We did not have 
fluorescein available at our centers, but it is a useful tool to locate 
the CSF leaks intraoperative in an intrathecal doses of 0.5 to 1cc in a 
10% dilution, with low morbidity associated. 

Early surgery is indicated in cases of: 

(1) large skull base defects with CSF rhinorrhea; 

(2) high flow CSF leak; 

(3) meningocele or encephalocele documented at image; 

(4) large intracranial pneumoencephalus. 

 
Delayed surgery could be indicated: 

(1) if there is persistence of CSF leakage after at least 3 days of 
conservative management; 

(2) recurrence of CSF rhinorrhea; 

(3) meningitis; 

(4) enlargement of pneumoencephalus.7 

 
 

When the patient has severe intracranial traumatic injury with 
concomitant cerebral edema, the treatment of increased intracranial 
pressure should occur before the repair of the skull base fracture; the 
repair of a CSF leak at the anterior skull base can usually be done 5 
to 7 days after initial stabilization and management.1 

There are several surgical options for skull base CSF leaks 
management. In Supplementary Digital Content, Table 3, http:// 
links.lww.com/SCS/C947 we show the results in previous studies 
with different techniques, and with variable rates of success that 
goes from 72.5% to 100%, and complications rates from 0% to 
60%; most studies combine the results in the treatment of traumatic 
with other etiologies of CSF skull base leaks.1–3,17,18,21,24–45 Based 
on those results, with the experience on this series and in extended 
endonasal endoscopic approaches,46 we have found that endonasal 
endoscopic approaches are useful minimal invasive techniques with 
high rates of efficacy and safety for traumatic skull base CSF leaks, 
as a sole procedure, or as part of the surgical treatment. Several 
classifications have been proposed for skull base fractures,1,44 and 
most of them agree that the most important anatomical factor for 
choosing the best surgical approach, is the anterior-posterior loca- 
tion of the defect, and if there is a single or multiple sites of leak. We 
used a classification of CSF leaks based on the location of the 
cranial base defect that was responsible from the leak, and surgical 
planning was focused on the anatomy of the defect. The type I CSF 
leaks came from the anterior cranial fossa, within the frontal and 
ethmoid bones and sinuses, the fronto-ethmoid junction, the crista 
galli and the cribiform plate. When the leak comes from the frontal 
sinus it is necessary to open it widely, and to retire all the nasal 
mucosa in order to prevent a postoperative mucocele. The defect 
must be identified and we recommend using a free nasal mucosal 
graft with a multilayer technique to cover the defect. In cases when 
the defect is located at the fronto-ethmoidal junction or at the 
ethmoidal cells, a free mucosal graft is enough most of the times, 
and we found that in cases adjacent to the MT, it can be used without 
retiring the conchal bone. In our experience, all defects limited to 
this region can be resolved purely endoscopic with high rates of 
success and we highly recommend a multilayer technique with 
collagen dural substitute, autologous bone (harvested from the nasal 
cavity structures), the mucosal flap, and fibrin glue. A limitation of 
this technique could be when there are multiple sites of CSF leak 
and when it is a comminuted fracture of the frontal bone involving 
the frontal sinus, as there is a risk of mucocele formation.1 

In the type II CSF leaks, the defect was located at the sphenoid 
sinus; this defect can be located at the sphenoid planum, sella, 
dorsum, clivus, or through a pneumatized lesser/great sphenoid 
wings. In cases of laterally located defect, a transpterygoid approach 
must be done in order to identify the defect (Fig. 6). A multilayered 

reconstruction can be done with a multilayer technique and a 
vascularized NSF (Figs. 5C and 6C); if an encephalocele is present, 
a fat graft can be placed in order to keep it intracranially (Fig. 5C). 

In the type III defects, multiple CSF leaks were located at the 
cranial base; these patients were treated with an hybrid approach, 
beginning with an endonasal endoscopic exploration, and the repair 
of the defects found posteriorly, at the sphenoid sinus and posterior 
ethmoidal cells; those defects usually communicate with the supra- 
sellar cistern having a high flow of CSF, and are usually difficult to 
repair from an cranial approach as a wide dissection is needed, the 
frontal lobes most be highly manipulated and a vascularized flap is 

difficult to place posteriorly from a transfrontal approach. We 
highly recommend these defects to be repaired from an endonasal 
endoscopic approach, and a NSF is usually sufficient to cover all the 
leaks that are located at middle cranial fossa. We chose to repair 
concomitant anterior ethmoid cells and frontal sinus CSF leaks with 
a cranial approach because the failure rate of covering all nasal roof 
from the sphenoid sinus all through the frontal sinus. A wide 
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anterior PCF can usually be harvested in order to cover all the 
anterior cranial fossa. When the anterior PCF is compromised 
because of the trauma, a temporalis muscle flap is a good option.1 
The frontal sinus should be adequately exposed and all the mucosa 
resected to avoid mucocele formation.1 Belzberg M. et al47 reported 
a case series of patients where unilateral versus bilateral cranializa- 
tion was done in the management of a breached frontal sinus when a 
craniotomy was made in the approach for tumor resection, trauma, 
or revision surgery, and they found a statistically significant 
difference with higher rates of postoperative infections in those 
patients with previous craniotomy who underwent unilateral frontal 
sinus cranialization versus those patients with similar surgical 
history who underwent bilateral surgery, suggesting that bilateral 
revision and cranialization of the frontal sinus is preferred in order 
to avoid postoperative complications as frontal breaches can left 
unsolved with unilateral approaches. All dural defects that are found 
most be primarily closed. Previous studies have reported high rates 
of success when using a combined endonasal endoscopic and 
cranial approaches when there are multiple sites of CSF leak, 
and we chose this technique in our patients, as the risk of CSF 
leak recurrence is high when using only 1 approach.1,44 As tran- 
scranial subfrontal approaches have the risk of neurological com- 
plications because of frontal lobes traction, this approach should be 
reserved for patients with complex fractures at the skull base. The 
patients in our series had good recovery, and we had no recurrence 
of CSF leaks with type III skull base fractures, and not postoperative 
infectious complications associated to the nasal sinuses. 

As there have been advances in endoscopic approaches, it is the 
surgical technique of choice for repairing skull base defects and 
CSF leakage.48 Reported overall success rate is high (90%–98%), 
and complications are below 2.5%.21,45,49,50 It is important that the 
skull base surgery team have experience in the management of 
endonasal structures, as the anatomy is usually very damaged 
because of the trauma, and the harvesting of large nasal flaps 
can be difficult. It has been well established that using a vascular- 
ized tissue flap to repair large skull base defects promotes fast and 
durable healing. Multilayered closure for large skull base defects 
has been reported to be crucial in preventing delayed brain sagging 
and CSF leaks, and this principle applies for endoscopic endonasal 
surgery.3 

Another issue comes when deciding which materials should be 
used for repair; before the routine use of vascularized tissue flaps for 
skull base reconstruction, free grafts of biological or synthetic 
material were used as the primary reconstructive technique, with 
high rates of postoperative CSF leaks.22 We highly recommend the 
use of autologous nasal based mucosal grafts and multilayer 
techniques in order to increase rates of success. 

Cerebrospinal fluid leaks secondary to craniofacial trauma are 
challenging and appropriate management should be given in order 
to prevent severe complications as meningitis. When surgical 
reconstruction is indicated, endonasal endoscopic techniques 
should be part of the surgical management either as a sole proce- 
dure, or in combination with classical transcranial approaches with 
high rates of success and low morbidity. Autologous nasal based 
mucosal grafts are highly recommended as a part of a multilayer 
technique reconstruction. 
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21. Alobid I, Enseñat J, Rioja E, et al. Manejo de las f́ıstulas nasales de 

lı́quido cefalorraquı́deo según su tamaño. Nuestra experiencia Acta 
Ototorrinolaringol Esp 2014;65:162–169 

22. Harvey RJ, Nogueira JF, Schlosser RJ, et al. Closure of large skull base 
defects after endoscopic transnasal craniotomy. Clinical article. J 
Neurosurg 2009;111:371–379 

23. Eljamel MS, Foy PM. Post-traumatic CSF fistulae, the case for surgical 
repair. Br J Neurosurg 1990;4:479–483 

24. Bell RB, Dierks EJ, Homer L, et al. Management of cerebrospinal fluid 
leak associated with craniomaxillofacial trauma. J Oral Maxillofac Surg 
2004;62:676–684 

25. Mandrioli S, Tieghi R, Galie` M, et al. Anterior skull base fractures: 
guidelines for treatment. J Craniofac Surg 2008;19:713–717 

26. Kral T, Zentner J, Vieweg U, et al. Diagnosis and treatment of 
frontobasal skull fractures. Neurosurg Rev 1997;20:19–23 

27. Mayfrank L, Gilsbach JM, Hegemann S, et al. Osteoplastic frontal 
sinusotomy and extradural microsurgical repair of frontobasal 
cerebrospinal fluid fistulas. Acta Neurochirurgica 1996;138:245–254 

28. Chaaban MR, Conger B, Riley KO, et al. Transnasal endoscopic repair 
of posterior table fractures. Otolaryngol Head Neck Surg 
2012;147:1142–1147 

29. Nohra G, Jabbour P, Haddad A, et al. Subcranial subfrontal approach for 
the treatment of extensive cerebrospinal fluid leaks. Neuro-Chirurgie 
2002;48:87–91 

 

Ⓒ 2021 Mutaz B. Habal, MD 7 



Palma Dı´az et al The Journal of Craniofacial Surgery Volume 00, Number 00, Month 2021 ● 

Copyright © 2021 Mutaz B. Habal, MD. Unauthorized reproduction of this article is prohibited. 

 

 

 

 
30. Song X, Wang D, Sun X, et al. Endoscopic repairs of sinonasal 

cerebrospinal leaks: outcome and prognostic factors. J Craniofac Surg 
2018;29:182–187 

31. Friedman JA, Ebersold MJ, Quast LM. Post-traumatic cerebrospinal 
fluid leakage. World J Surg 2001;25:1062–1066 

32. Lee DH, Lim SC, Joo YE. Treatment outcomes of endoscopic 
repairs of sinonasal cerebrospinal fluid leaks. J Craniofac Surg 
2011;22:1266–1270 

33. Scholsem M, Scholtes F, Collignon F, et al. Surgical management of 
anterior cranial base fractures with cerebrospinal fluid fistulae: a single- 
institution experience. Neurosurgery 2008;62:463–469 

34. Schick B, Weber R, Kahle G, et al. Late manifestations of traumatic 
lesions of the anterior skull base. Skull Base Surg 1997;7:77–83 

35. Castelnuovo P, Mauri S, Locatelli D, et al. Endoscopic repair of 
cerebrospinal fluid rhinorrhea: learning from our failures. Ame J Rhinol 
2001;15:333–342 

36. Lee TJ, Huang CC, Chuang CC, et al. Transnasal endoscopic repair of 
cerebrospinal fluid rhinorrhea and skull base defect: ten-year 
experience. Laryngoscope 2004;114:1475–1481 

37. Kirtane MV, Gautham K, Upadhyaya SR. Endoscopic CSF rhinorrhea 
closure: our experience in 267 cases. Otolaryngol Head Neck Surg 
2005;132:208–212 

38. Cassano M, Felippu A. Endoscopic treatment of cerebrospinal fluid 
leaks with the use of lower turbinate grafts: a retrospective review of 125 
cases. Rhinology 2009;47:362–368 

39. Presutti L, Mattioli F, Villari D, et al. Transnasal endoscopic treatment 
of cerebrospinal fluid leak: 17 years’ experience. Acta Otorhinolaryngol 
Ital 2009;29:191–196 

40. Meco C, Arrer E, Oberascher G. Efficacy of cerebrospinal fluid fistula 
repair: sensitive quality control using the beta-trace protein test. Am J 
Rhinol 2007;21:729–736 

 

 
41. Dai JB, Del Signore AG, Govindaraj S, et al. Investigation of skull- 

based cerebrospinal fluid leak repair: a single-institution comprehensive 
study of 116 cases over 10 years. World Neurosurg 2020;135:e1–e11 

42. Jahanshahi J, Zeinalizadeh M, Reza Mohammadi H, et al. Endonasal 
endoscopic management of frontal sinus cerebrospinal fluid leak. Am J 
Rhinol Allergy 2017;31:406–411 

43. Isler C, Ahmedov ML, Akgun MY, et al. Endoscopic endonasal 
cerebrospinal fluid leak repair on the ventral midline skull base: a single 
neurosurgical center experience. Turk Neurosurg 2018;28:193–203 

44. Thapa AJ, Lei BX, Zheng MG, et al. The surgical treatment of 
posttraumatic skull base defects with cerebrospinal fluid leak. J Neurol 
Surg Part B Skull Base 2018;79:205–216 

45. Saafan ME, Albirmawy OA, Tomoum MO. Sandwich grafting 
technique for endoscopic endonasal repair of cerebrospinal fluid 
rhinorrhoea. Eur Arch Otorhinolaryngol 2014;271:1073–1079 
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