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Introduction
Frontal sinus fractures are commonly 

caused by head trauma, such as car 
accidents or falls, and can result in various 
symptoms, including soft tissue swelling, 
facial deformity, mucocele, subcutaneous 
emphysema, pneumocephalus, or, more 
rarely, tension pneumocephalus [1-5]. In some 
cases, a frontal sinus fracture can also lead to 
cerebrospinal fluid (CSF) rhinorrhea, which 
increases the risk of meningitis [2]. When 
a frontal sinus fracture is complicated by 
CSF rhinorrhea, it typically requires surgical 
repair. The specific details of the procedure 
depend on the location and extent of the 
fracture and the amount of CSF leakage. 
Generally, the goal of surgery is to repair 

the fracture, seal the CSF leak and correct 
deformity.

Purpose
The purpose of this article is to present our 

institution's surgical protocol for the repair of 
complicated anterior cranial fossa and frontal 
sinus fractures and to review the relevant 
literature.
Materials and Methods 

The patient is a 47-year-old Caucasian male 
who suffered high-energy trauma due to a 
car accident. He presented to our emergency 
department with a mild traumatic brain injury, 
evidenced by a Glasgow Coma Scale (GCS) 
score of 12/15 (E=3, M=5, V=4), multiple scalp 
and frontal lacerations, left lower rib fractures, 
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Figure 1. Brain CT, transverse sectiondepicting initial pneumocephalus
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and bilateral lung contusions. An initial brain CT scan revealed 
a comminute and depressed frontal sinus fracture, ethmoid 
bone fracture, pneumocephalus, and multiple small (<2 cm) 
anterior frontal lobe contusions (Figures 1&2). The posterior 
wall of the frontal sinus exhibited a fracture affecting more 
than 25% of its area.

Three days later, the patient developed CSF rhinorrhea, 
necessitating the insertion of a lumbar drain at the L4-5 level. 
The patient was kept on bed rest for one week and the CSF 
rhinorrhea ceased. An MRI scan identified the leakage site as 
a fracture line traversing the posterior ethmoid cells on the left 
side of the ethmoid bone. Both rhinorrhea and pneumocephalus 
resolved completely, and the patient was freely mobilized after 
lumbar drain removal. He was subsequently discharged from 
the hospital.

At a follow-up visit one month later, the patient's scalp 
lacerations had healed, but there was forehead deformity due 
to the depressed frontal bone fracture. Additionally, the patient 
reported two episodes of CSF rhinorrhea, without headache or 
fever. A head MRI scan diagnosed a pseudomeningocele filled 
with CSF protruding through the left posterior ethmoid cells. 
The patient was scheduled for elective surgery under general 
anaesthesia.
Surgical Technique and Repair

Patient was intubated and a lumbar drain was put in place in the 
L4-L5 level. The patient was placed in supine position with head 

in Mayfield pins. Frameless registration for neuronavigation 
was completed using Stealth Station 7, Medtronic. Additional 
surgical site was prepared on the right lower abdominal wall 
for fat graft preparation and donation. Bicoronal skin incision 
was utilized. We preserved pericranium. (Figure 3). Frontal 
craniotomy was performed using two burr holes above anterior 
sagittal sinus and bone the bone flap was elevated with caution 
to avoid anterior sagittal sinus tear. The previously comminute 
fracture of the frontal bone was fused in one large piece and 
two smaller parts. Depressed fracture of the anterior frontal 
sinus wall was elevated in three pieces.  Frontal sinus mucosa 
has been removed and a fat graft obliterated completely 
the frontal sinus duct. Fat graft has been kept in place with 
Tisseal glue and mobilized pericranium.  CSF was removed 
from lumbar drain before dura opening (40 cm3). Frontal 
dura incised and by using the neuronavigation probe the site 
of the CSF leak, through the fracture line, above the posterior 
ethmoid cells on the left side was recognized and sealed with 
Tisseal and pericranium. Figure 4. Bone flap secured with 
titanium miniplates and any defect on the sides was filled with 
Cranioplasty cement. The rest of the wound was closed in 
layers. The patient kept supine for and lumbar CSF drain was 
kept in place for 24 hours postoperatively. No recurrence of 
rinorrhea was noted and the patient was discharged from the 
hospital. The aesthetic result was excellent. Postoperative head 
CT and MRI depicted resolution of the pseudomeningocele, 
sealing of the CSF leaking site. (Figure 5). 

Figure 2. Brain CT scan with 3D reconstruction depicting area of 
damage and comminute and depressed fracture of the frontal bone

Figure 3. Intraoperative photograph depicting frontal bone fracture 
intraoperatively

Figure 4. Neuronavigation snap shot of the pointer showing the leak-
ing site

Figure 5. Comparative MRI and CT from left to right, Preopera-
tive coronal MRI T2, meningocele and CSF rinorrhea (red arrows), 

Coronal CT post op (middle image) and Coronal CT pre-op site of the 
pseudomeningocele red arrows (right image)
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Follow up of the patient 
The patient was discharged from the hospital. Unfortunately, 

ten days later, the patient contracted COVID-19 and developed 
typical symptoms of upper airway infection, including 
sneezing and coughing. During recovery, the patient noticed 
an enlargement in the frontal area under the flap. A CT scan 
revealed subcutaneous emphysema and pneumocephalus 
(Figure 6). We treated the patient conservatively with antibiotics 
(ciprofloxacin 500mg bid for 15 days), high-flow oxygen, and 

a head band. He recovered completely and remained stable in 
follow-up imaging (Figure 7). Final aesthetic result at the last 
follow up three years later is depicted in Figure 8.
Discussion

This study presents a case involving a comminute, depressed 
fracture of the frontal and ethmoidal bones with CSF leakage. 
Our surgical reconstruction technique addressed both the 
aesthetic deformity and the CSF leak, with the decision to 
obliterate the frontal sinus. Douglas et al. [6] indicate that sinus 
repair is warranted when both frontal ducts are intact and there 
is minimal displacement of the anterior wall without posterior 
wall fractures or when less than 25% of the posterior frontal 
sinus wall is fractured. Endoscopic approaches are typically 
recommended to open the frontal sinus outflow [7]. In our case, 
the CSF leak and posterior sinus wall fracture necessitated 
cranialization of the frontal sinus, a procedure supported by 
Gossman et al. and Bell et al. for complex fractures involving 
the anterior skull base with CSF leakage [4,8]. Banks et al. 
[9] advocate for endoscopic repair of posterior wall fractures 
with CSF leaks, using porcine submucosa xenograft and 
septal mucoperichondrial autologous graft to reinforce the 
epidural space. We utilized a pericranial flap to support the 
anterior skull base sealing, a technique also reported by other 
authors for anterior skull base and frontal sinus reconstruction 
[1,3,7,10,11]. In cases of severe trauma to the pericranium, 
fascia latta, temporalis muscle, or temporalis fascia can be 
used as free tissue flaps [2]. Occlusion of the frontal sinus, 
achieved with autologous fat, while Guo et al. [3] suggested 
the use of gelfoam to eliminate donor site complications. We 
recommend the use of a neuronavigation probe to identify the 
leaking site intraoperatively and the topical application of fibrin 
glue (Tisseal) to secure the leak effectively. The perioperative 
use of lumbar CSF drainage further reinforces dura repair, a 
practice favoured by Zhang et al. [2] in their series using the 
intracranial extradural approach. In our case, we used the 
intracranial, intradural approach as the leaking site was at 

Figure 6. Sagittal reconstruction of brain CT post COVID-19 infec-
tion depicting subcutaneous emphysema and pneumocephalus

Figure 7. Head CT one month post conservsative treatment depicting 
regressiom of Pneumocephalus and subcutaneous emphysema

Figure 8. Final cosmetic result
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the posterior ethmoid, where dura elevation could cause more 
damage to the frontal basal dura mater. Contrary to Mayfrank 
et al. [12], who reported effective inspection of the anterior skull 
base by temporarily removing the anterior wall of the frontal 
sinus and elevating the frontal lobe, we found stitching the 
basal frontal dura at a steep angle technically challenging, with 
suturing potentially causing small tears. At the conclusion of 
the operation, the anterior wall of the frontal sinus was secured 
with titanium miniplates, a method supported by Dumitru et al. 
[5] and similar to the approach proposed by Doonquah et al. [13]. 
For comminute anterior skull base fractures, a simple stitching 
technique, as published by Hoon et al. [14], can be effective. 
In our case, the two-month interval between the accident and 
the surgical reconstruction allowed most of the fracture lines 
at the frontal and ethmoid bones to heal. Radulesco et al [15] 
published guidelines for performing sinus and anterior skull 
base surgery during the pandemic. Our patient was operated 
according to local guidelines and he was teste for COVID-19 
before admission. Clinical scenario according to guidelines 
published by Radulesco were that of urgent surgery because of 
the CSF leak.
Results

Complicated frontal sinus fractures are common entities 
related to head trauma. There are various techniques for frontal 
sinus reconstruction and dura repair in case of CSF leak. 
According to our experience extensive use of Neuronavigation 
is a novel technique to reassure sealing of the leaking sites 
based on preoperative imaging. We have also noticed that 
COVID-19 infection can potentially affect the healing process 
from trauma. The infection can lead to complications such 
as increased inflammation, immune system dysregulation, 
and overall stress on the body, which can all impact healing1. 
Additionally, the symptoms of COVID-19, such as coughing 
and sneezing, can put extra strain on frontal sinus cranialization 
and dura repair, potentially leading to issues like subcutaneous 
emphysema and pneumocephalus, as seen in our patient's case.
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