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Chapter 10
Complications of Surgical Management
of Skull Base and Sinonasal Malignancies

Alice Z. Maxfield, Alan Workman, and Stacey T. Gray

Introduction

Sinonasal and skull base malignancies are rare tumors, representing 3—5% of all
cancers affecting the head and neck, and less than 1% of all malignant tumors [1-5].
Because of the rarity, the literature related to surgical complications in the manage-
ment of these conditions is often reflective of smaller, retrospective institutional
series. Complications of surgical resection of sinonasal malignancies can range
from relatively minor, such as wound infection and adhesion formation, to severe or
even devastating, including blindness, severe bleeding, and intracranial injury
(Fig. 10.1). Based on reports from the literature, there are no significant differences
in complication rates when comparing the endoscopic endonasal versus open
approach [6]. The overall complication rate of traditional craniofacial resection
ranges from 25% to 65%, [7] as compared to 8.5% to 26% [6, 8—10] for the endo-
scopic endonasal approach. Factors predictive of increased risk of complication
include medical comorbidity, prior radiation therapy, dural and brain involvement,
as well as tumor staging.

Surgical planning is extremely important because of the close proximity of sur-
rounding major neurovascular structures and the orbit. A thorough preoperative
clinical evaluation and imaging review is essential to identify critical structures that
will potentially be encountered during surgery in order to minimize morbidity. Skull
base surgery for sinonasal malignancy can be technically complex, and even in the
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Fig. 10.1 Complications following surgical and adjuvant treatment of sinonasal malignancy, clas-
sified by relative timing of occurrence

Table 10.1 Management of common complications of surgery for sinonasal and skull base
malignancy

Complication Management

Vascular (ICA) injury Crushed muscle patch repair, endovascular intervention

Pneumocephalus Bed rest, head elevation, hyperoxia, surgical
intervention

CSF Leak Bed rest, lumbar drain, surgical exploration, and repair

Meningitis Antibiotic treatment

Orbital hematoma Mannitol, steroids, lateral canthotomy/cantholysis

Epiphora Dacryocystorhinostomy, nasolacrimal duct stenting

Chronic rhinosinusitis

Functional endoscopic sinus surgery

Mucocele

Surgical marsupialization of mucocele

Choanal stenosis

Surgical excision of adhesions, stent placement

Nasocutaneous fistula

Surgical repair and reconstruction

Skull base ORN

Sequestrectomy, antibiotics, hyperbaric oxygen therapy

hands of a skilled operator complications can arise. Thus, surgeons should antici-
pate possible complications that may occur and create a surgical resection and
reconstructive plan that includes an algorithm for managing anticipated complica-
tions (Table 10.1). The remainder of this chapter highlights the specific complica-
tions that can occur, the relative likelihood of these complications, and management
techniques.
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Intraoperative Complications

Injury to Major Neurovascular Structures

Vascular injury during surgery for sinonasal malignancy can be devastating, leading
to major morbidity and mortality. Injury to the internal carotid artery (ICA) and its
branches are correspondingly a common concern [10, 11]. However, injuries to
small vessels that are adjacent to the brain or brainstem also carry a significant risk
of neurological deficit if violated [10]. Overall, the incidence of major vascular
injury ranges from 0.3% to14% in endoscopic endonasal skull base surgery, depend-
ing on the approach, tumor extension, and complexity of the case [11-19]. In a
review of 800 patients with various skull base pathology, major vascular complica-
tion occurred in 0.9% of cases, including injuries to the ICA, ophthalmic artery, and
other major intracranial vessels, as well as intracranial hemorrhage and subdural
hematoma [10]. The risk of vascular complications during endoscopic endonasal
surgery for sinonasal malignancy is determined by the location of the tumor and the
anatomic relationship to surrounding major neurovascular structures. Other factors
include the invasive nature of the tumor, its adherence to the ICA, prior adjuvant
therapy, and the extent of planned oncologic resection [11]. Vascular complications
are known to occur more frequently with increasing level of complexity of the sur-
gery and with surgical resection requiring craniotomy, indicating an increased need
for exposure [10].

ICA injury during surgery carries the potential risk of significant neurologic
sequelae; anticipation of the potential risk of this injury can allow for pre-operative
planning, and review of an algorithm for management if ICA injury occurs. If there
is concern for ICA involvement by the tumor, a pre-operative balloon occlusion test
can be performed to evaluate if the patient can tolerate ICA sacrifice should that
become necessary. Multiple options for control of intra-operative ICA injury have
been described. When managing bleeding from an ICA injury, it is important to
communicate with the entire operating room team so that adequate fluid resuscita-
tion is provided and cerebral perfusion is maintained while temporary packing is
applied to stop the bleeding. For repair of the ICA injury, an endovascular clip can
be applied if the exposure is adequate. However, given the large volume of bleeding
often encountered, the visualization needed for endovascular clipping is often dif-
ficult to maintain. Placement of a crushed muscle patch has also been described for
control of ICA injury. Muscle from the sternocleidomastoid, temporalis, abdominal
rectus, or longus capitis can be harvested, crushed, and held in direct contact with
the area of ICA injury. Crushing the muscle allows for release of calcium which in
turn activates the clotting cascade [11, 17, 18]. If surgical control is not feasible,
another option for control is endovascular intervention. The availability of the neu-
rointerventional team should be considered during surgical planning if there is a
high risk of ICA injury. Given the complexity of controlling an ICA injury, training
models have been developed to allow surgical teams to practice management of this
rare complication [19-21].
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The risk of transient or permanent neurological deficits encountered during sur-
gical intervention depends on the location of the tumor and the surgical approach
used for access. In one review, transient neurological deficits occurred in 2.5% and
permanent neurological deficit in 1.8% of patients who underwent endonasal
approaches to the skull base [10]. These ranged from transient visual deficits and
cranial nerve deficits to hemiplegia, ataxia, and quadraplegia [10]. Cranial nerve
injury has been reported in 0.4-5% of extended endoscopic endonasal skull base
surgeries [10, 22]. Depending on the tumor location, different approaches to the
skull base will have varying levels of risk for neurological complications. All cra-
nial nerves have the potential for injury during skull base surgery.

Postoperative Complications

Pneumocephalus

Pneumocephalus is the presence of air within the intracranial vault (Fig. 10.2). It
can be seen with surgery for sinonasal malignancy that requires skull base resection
and reconstruction, and is usually asymptomatic and managed expectantly, with
resolution over a period of 1-2 weeks. This is a commonly reported finding if imag-
ing is obtained in the immediate postoperative period and is an expected finding if
the skull base has been entered during surgical resection. In contrast, the develop-
ment of postoperative pneumocephalus is a rare and potentially devastating compli-
cation that can occur in conjunction with postoperative cerebrospinal fluid (CSF)
leak and can also result in tension pneumocephalus. Tension pneumocephalus can
lead to rapid neurological decline secondary to large amounts of intracranial air that
causes compression of intracranial structures, leading to mass effect, and eventual
herniation. This complication typically manifests as a reduced level of conscious-
ness, focal neurological symptoms, seizures, followed by herniation, and ultimately
death if not recognized and treated [23, 24]. Because this is a rare complication,
most reports on diagnosis and management are based on case series or case reports.
There are two ways that tension pneumocephalus can develop. The first is the “ball-
valve” mechanism that allows air to be trapped in the intracranial cavity with a
forceful movement, such as a sneeze or cough. The second is the “inverted pop
bottle” mechanism where air enters the intracranial cavity to equalize the pressure
difference as CSF exits the defect [23].

Symptoms of pneumocephalus include headache and focal neurological deficits.
Loss of consciousness and rapid neurological decline signify the development of
tension pneumocephalus and potential herniation. This condition requires immedi-
ate recognition and urgent intervention [25]. Conservative management, including
bed rest, head of bed elevation, hyperosmolar therapy, avoiding Valsalva maneu-
vers, placement of nasal packing, and use of normobaric hyperoxia with 100%
inspired oxygen, can be used to temporize pneumocephalus if it is not significant
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Fig. 10.2 A 64-year-old female following esthesioneuroblastoma resection and skull base recon-
struction with nasoseptal flap, who rapidly developed pneumocephalus after sneezing 2 weeks
postoperatively. Arrow in upper right figure demonstrates exposed bone with flap migration at the
right anterior aspect

[23, 26-28]. Surgical intervention, including placement of a burr hole, ventriculos-
tomy, or craniotomy, can be utilized to provide rapid decompression if tension
pneumocephalus is present [23]. Ultimately, a careful evaluation of the skull base
repair is needed to identify and repair the area of dehiscence that allowed the pneu-
mocephalus to develop.

Cerebrospinal Fluid Leak

When skull base resection is performed during resection of sinonasal malignancy,
the goal of surgical skull base defect reconstruction is to separate the cranial cavity
from the sinonasal cavity, eliminate dead space, create a watertight seal, while
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preserving neurovascular structures, ocular function, and cosmesis [29]. Robust
reconstruction of the skull base defect is extremely important if concurrent radiation
therapy will be used postoperatively [30]. CSF leaks can occur secondary to failure
of complete closure of the defect, graft migration (Fig. 10.2), and wound healing
issues. Postoperative CSF leak is the most common complication after endoscopic
endonasal skull base surgery, with a wide range reported from 3.8% to 69% of cases
depending on the series [8, 10, 30-35]. However, many of these reports include a
wide variety of skull base pathology, including sinonasal malignancy as well as
benign tumors and meningoencephaloceles. The advent of the vascularized flap
reconstruction with the pericranial or nasoseptal flap has significantly decreased the
incidence of postoperative CSF leaks to 5-6.5% [30, 36—-38]. A meta-analysis com-
paring open resection and endoscopic resection of sinonasal malignancy did not
find a significant difference in complication rates, including that of CSF leak [6, 9,
35]. Based on data from the last 20 years, a multilayer closure, preferably with vas-
cularized tissue, has been successful, especially if radiation therapy is necessary.

Depending on the size of the tumor, extent of surgery, and repair technique, there
should be routine surveillance and a high index of suspicion in the immediate post-
operative period for the development of CSF rhinorrhea. Extent of surgery, espe-
cially entry into the arachnoid cisterns or ventricles, patient BMI, location of the
defect, size of the defect, lack of vascularized reconstruction, and other comorbidi-
ties that affect poor tissue healing, increases the risk for postoperative CSF leak [30].

Symptoms suggestive of CSF leak include clear nasal drainage, salty taste, and
dependent rhinorrhea. The diagnosis is confirmed by the presence of Beta-2 trans-
ferrin in the collected nasal fluid. CSF leaks occurring 2—-6 weeks postoperatively
are usually low flow leaks; however, they can develop acutely following an episode
of Valsalva maneuver or nose blowing. This can be accompanied by pneumocepha-
lus with onset of immediate headache. For patients presenting with this history, a
computed tomography (CT) of the head should be performed to assess for pneumo-
cephalus. If an active CSF leak is present but not identified, the risk of subsequent
meningitis or other intracranial complication can be as high as 40% [39]. Therefore,
early diagnosis and treatment is crucial. CSF rhinorrhea as a delayed complication
can occur many weeks to months after surgery and is often associated with adjuvant
radiation therapy [40].

Historically, CSF diversion with lumbar drains has been used to allow controlled,
low resistance egress of CSF in the immediate postoperative period following skull
base surgery, with the goal of reducing tension on the repair and decreasing the
likelihood of postoperative CSF leak [41]. However, in recent meta-analyses and
systematic reviews, there was no statistically significant difference in rates of CSF
leak with respect to the use of lumbar drains [41, 42]. Furthermore, CSF leak rate
was higher in the group with lumbar drains, which is likely explained by the propen-
sity to place a lumbar drain in higher risk cases. Lumbar drains are associated with
a 5% risk of minor complications, including meningitis, headache, cellulitis at the
puncture site, and pneumocephalus, and a reported rate of 5% for major complica-
tions, including tension pneumocephalus, subdural hemorrhage, and uncal hernia-
tion [41, 43]. Additionally, the placement of a lumbar drain requires bedrest while
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in place, leading to a risk of deep vein thrombosis, as well as longer hospitalization
and costs [42, 44]. Therefore, the current literature does not provide adequate evi-
dence to support the routine use of lumbar drains following surgery requiring skull
base resection. Anecdotally, lumbar drains should be considered in patients with a
high risk for postoperative CSF leak, such as those with high-flow CSF leaks and
intracranial hypertension. Patients with intracranial hypertension may ultimately
require long-term management with acetazolamide or ventriculoperitoneal shunting
[45]. Further studies to stratify patients’ risk of postoperative CSF leak and the ben-
efit of CSF diversion would help clarify which patients are likely to benefit from
placement of a lumbar drain at the time of surgery.

Once identified, postoperative CSF leaks should be definitively managed.
Conservative treatment with bedrest and lumbar drain diversion can be considered,
especially in cases of intracranial hypertension, early postoperative leaks, or to aug-
ment a poor or limited reconstruction [46]. Surgical exploration and definitive repair
should be highly considered in all other cases and if conservative treatment fails. If
the site of the CSF leak is not immediately obvious, intrathecal fluorescein can be
utilized for assistance with localization with 93% sensitivity and 100% specificity.
This intervention is especially useful if the CSF leak occurred in a delayed fash-
ion [47].

Infection

The rates of meningitis and postoperative infection after endoscopic endonasal sur-
gery ranges from 0.7% to 3.1%, as compared to 1.5% in open approaches [48—51].
The rate of postoperative meningitis after skull base surgery is correlated with CSF
leak, which indicates a communication between the sinonasal cavity and the intra-
cranial cavity through the surgical defect [52]. The risk of meningitis in a patient
with postoperative CSF leak has been reported as 66%, as compared to a 4.5% risk
in those patients without postoperative CSF leak [53]. This emphasizes the impor-
tance of proper skull base reconstruction after resection of sinonasal malignancy.
Postoperative infection in skull base surgery, whether performed through an
open or endoscopic endonasal approach, can lead to poor healing of the reconstruc-
tion, flap dehiscence, wound infection, and necrosis. It has been well documented
that prophylactic antibiotics decrease the risk of postoperative wound infection and
the frequency of meningitis. There are many reports evaluating the best choice for
antibiotic prophylaxis; however, no guidelines have been established because of the
variability in surgical approach, surgeon and institution preference, and the overall
low rates of infection associated with skull base surgery. In general, most surgeons
use preoperative intravenous (I'V) antibiotics [54] and continue them for 24—48 hours
to help decrease rates of postoperative infection and meningitis. The type of IV
antibiotic used is highly variable across institutions. The goal of prophylactic anti-
biotic use includes broad spectrum coverage of the common bacteria of the sinona-
sal cavity that could seed the intracranial space, while minimizing the unwanted
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sequelae often associated with antibiotics, including cost, development of multi-
drug resistant organisms, and side effects of long-term antibiotic use, such as
Clostridium difficile proliferation. There is variability in the use of antibiotics in the
postoperative period, with a reported 51% using antibiotics where no nasal packing
was placed and 88% using antibiotics with nonabsorbable packing [54]. While a
2017 meta-analysis of prophylactic systemic antibiotic use for patients with nasal
packing did not show a significant reduction in infection rates associated with anti-
biotic use [55], in practice, many groups continue to use them due to the elevated
risk of intracranial infection after surgery for sinonasal malignancy specifically
[56]. Intracranial infection is a major consideration after skull base surgery, since
there is a significant morbidity and mortality concern. Multi-institutional studies are
needed to determine optimal guidelines for the use of prophylactic antibiotics.

Orbital Complications

Orbital involvement increases the staging of the sinonasal malignancy and increases
the complexity of surgical planning and postoperative adjuvant therapy. Tumors
with orbital involvement may require orbital exenteration for complete resection.
Studies have shown that cases with orbital infiltration were likely to require an open
surgical approach and were associated with higher in-hospital costs [9, 57].
Furthermore, orbital involvement reduced 5-year disease-specific survival from
78.0% to 44.4% and orbital soft tissue infiltration predicted significantly worse
overall survival as compared to orbital bone infiltration [9, 58].

The orbit and optic nerve can be injured in the management of sinonasal malig-
nancy because of their close proximity to the sinonasal cavity. In the last three
decades of sinonasal malignancy management, there has been significant reduction
in surgical complication rates; however, ocular complications have remained largely
stable [59]. Ocular complications immediately after surgical management of sino-
nasal malignancies include orbital hematoma, diplopia due to transient and perma-
nent cranial nerve III, IV, and VI palsy, and blindness. Surgical resection can also
result in nasolacrimal duct dysfunction, resulting in the delayed development of
nasolacrimal obstruction, epiphora, and dacryocystitis. Surgical resection with pres-
ervation of the orbit may also lead to secondary long-term complications associated
with distortion of the anatomy, including enophthalmos and diplopia. Lid ectropion,
epiphora from lid malposition, or canthal dystopia, ptosis, exposure keratitis and
eventual loss of visual acuity can also develop in a delayed fashion [60]. Malposition
and distortion of the eyelid anatomy can lead to trichiasis and blepharitis which can
in turn have serious long-term consequences on eye health, including keratitis and
corneal irritation, and eventual loss of visual acuity and chronic pain requiring
orbital exenteration.

Orbital hematoma is a rare but potentially emergent complication of sinonasal
and skull base surgery if not recognized immediately [61-63]. This occurs after
vascular injury, either venous or arterial, leading to bleeding within the orbit,
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increase in intraocular pressure within the closed orbital space, and ischemic dam-
age to the optic nerve and retina leading to vision changes and blindness [61]. The
incidence of orbital hematoma in management of sinonasal malignancy may actu-
ally be lower than that encountered in routine endoscopic sinus surgery because
surgery for sinonasal malignancy usually requires wide surgical exposure, and often
removal of the lamina papyracea, which eliminates the closed space of the orbit
[61]. Additionally, there may be preemptive ligation of the anterior and posterior
ethmoid arteries, which are a common source of orbital hematoma. During surgery,
there should be continuous monitoring of the orbit with vigilance for the develop-
ment of an orbital hematoma. If suspected, the orbit can be examined and palpated
for proptosis and firmness for early diagnosis, and an elevation in intraocular pres-
sure (normally 10-20 mmHg) is confimatory [61]. Urgent conservative manage-
ment includes orbital massage, administration of mannitol, and intravenous steroids
can be considered. Ultimately, surgical intervention is usually necessary, especially
with a rapidly expanding hematoma. Immediate management with lateral canthot-
omy and cantholysis can be performed, followed by surgical exploration, control of
the bleeding source, and orbital decompression [61]. If recognized immediately, an
orbital hematoma can be decompressed, avoiding the devastating complication of
visual loss.

Delayed Complications

Orbital Complications

After traditional craniofacial resection of malignant sinonasal tumors, orbital com-
plications were the most common type of delayed complication, defined as occur-
ring at least 6 months after the end of treatment, and most frequently seen in patients
who received postoperative radiation therapy [40]. Therefore, much of the literature
on ocular complications after sinonasal malignancy treatment does not delineate
whether the causative etiology is surgery, radiation therapy, or a combination of
both. Additionally, this is a difficult distinction to make, especially with late onset
complications and most patients receiving bimodality treatment.

Epiphora is the most common delayed orbital complication in patients receiving
treatment for sinonasal and skull base malignancy, occurring at a rate of 22-36%
[64]. This can occur as a direct complication of surgery. Transection of the nasolac-
rimal duct without stenting or other management carries a risk of epiphora of
approximately 11% [65]. However, a larger portion of postoperative nasolacrimal
duct dysfunction is observed at least 6 months following treatment in patients that
also received radiation therapy [66]. The nasolacrimal duct and sac are lined with
stratified squamous and pseudostratified columnar epithelium, similar to the oral
cavity mucosa and upper respiratory tract, respectively [69]. Radiation therapy
leads to thinning of the epithelium, loss of mucosal pliability, submucosal edema,



214 A. Z. Maxfield et al.

generalized inflammation, and eventual desquamation. Thus, the changes in the
nasolacrimal duct and sac epithelium secondary to radiation therapy can lead to
obstruction and/or infection. Several options exist for the management of the naso-
lacrimal system. If transection of the nasolacrimal duct is anticipated, primary dac-
ryocystorhinostomy (DCR) can be performed at the time of surgical resection. DCR
along with other procedures, such as distal stenting, transcanalicular stenting, and
marsupialization of the nasolacrimal duct, are additional options in the management
of delayed epiphora [67, 68].

Beyond epiphora, other orbital complications exacerbated by radiation therapy
include diplopia, optic neuropathy, retinopathy, keratopathy, and retinal hemor-
rhage. Radiation therapy causes injury to the lacrimal gland, like that of the salivary
gland, leading to xerophthalmia, which can progress to foreign body sensation, cor-
neal ulceration, and eventually decreased vision. This may in turn be severe enough
to require orbital exenteration. Corneal complications can range from mild dry eye
to perforation and blindness [70, 71]. Retinal and optic nerve complications are
secondary to radiation-induced vitreous hemorrhage, neovascularization, exudates,
nerve atrophy, and arterial thrombosis leading to hypoperfusion, which can develop
as a delayed complication 1-3 years postirradiation [69]. Most orbital complica-
tions are well tolerated; however, it is important to counsel patients on potential
development of these complications many years after the completion of treatment,
even if the orbit is spared from surgery.

Chronic Rhinosinusitis

There are limited studies describing the development of chronic rhinosinusitis
(CRS) after treatment for sinonasal malignancy. Depending on the size and location
of the tumor, there may be evidence of rhinosinusitis prior to treatment as a direct
result of secondary obstruction by the sinonasal mass. Additionally, surgical resec-
tion of the sinonasal malignancy can lead to distortion of the anatomy, scarring,
poor mucociliary clearance, crusting, impaired olfaction, and nasal obstruction and
congestion, which can significantly affect sinonasal health and quality of life [72].
All patients undergoing surgical resection of sinonasal malignancy will experience
some degree of postoperative sinonasal symptoms and nasal crusting, with improve-
ment over the course of 3 months or longer [72—74]. In order to minimize long-term
sinonasal compromise, preservation of uninvolved sinonasal structures and mucosa
should be considered when possible [75]. If the nasoseptal flap is utilized for repair,
the donor site also comes with potential morbidity, including potential nasal crust-
ing, necrosis of septal cartilage, loss of external nasal support, and flap necrosis, and
careful surgical planning should be utilized to avoid this [76, 77].

Radiation therapy also results in sinonasal mucosal changes that can precipitate
the development of CRS. Postradiation rhinosinusitis develops from epithelial cell
degeneration and impairment and loss of mucociliary function leading to poor
clearance of secretions, predisposing patients to upper respiratory infections and
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sinusitis [78—80]. The stratified rearrangement of the epithelial cells with loss of
cytoplastic volume, ciliary loss, and dysmorphism can be observed even after
23 years in an irradiated patient [80]. The histopathology of radiation-induced CRS
has been found to be different than that of other subtypes of CRS, exhibiting greater
squamous metaplasia and subepithelial edema, decreased eosinophilia and base-
ment membrane thickening [81].

In addition to postradiation changes of the targeted field and the immediate sur-
rounding structures, the contralateral sinuses can also be affected. The incidence
and degree of mucosal thickening are also significantly increased at 3 months post-
radiation in the contralateral sinuses, with the maxillary and anterior ethmoid sinus
being the most affected [80, 82]. Patients with a history of treatment of sinonasal
malignancy can develop secondary symptoms of nasal obstruction, purulent rhinor-
rhea, smell disturbance, facial pain/headache, with associated findings of signifi-
cant crusting and sinonasal adhesions. If medical treatment fails to manage the
CRS secondary to sinonasal malignancy treatment, these patients can benefit from
endoscopic sinus surgery [83]. Thus, patient counseling and knowledge of delayed
complications are essential in the comprehensive management of sinonasal
malignancies.

Mucocele

Mucocele of the sinuses can develop as a rare, but late complication after treatment
for sinonasal and skull base malignancy, ranging from 0% to 3.6% [84-90].
Mucocele is defined as an expansile collection of mucous within the paranasal
sinuses with bony distortion secondary to distension, with possible compression of
nearby neurovascular structures or the orbit [91]. Depending on the location of the
mucocele, compression of the optic nerve, cranial nerves III, IV, VI, and within the
cavernous sinus, with resultant cranial nerve palsies can occur [92-94]. Orbital
compression can lead to facial deformity and visual changes, secondary to displace-
ment of the globe. The most commonly involved sinuses are the frontal and eth-
moid; however, sphenoid mucoceles have also been reported [91, 95-97]. Mucocele
formation can also occur after sinonasal reconstruction at the site of flap inset if
there is incomplete removal of the mucosa leading to entrapped mucosal glands
between the reconstruction layers. Mucocele formation has been reported 2—6 years
after surgery, and as early as the first 2 months postoperatively in patients with a
history of sinonasal malignancy [84, 86]. Imaging is the optimal modality for the
diagnosis of a mucocele. Postoperative mucocele formation can potentially be pre-
vented by avoiding obstruction of sinus ostia and carefully removing all of the
mucosa before the flap inset at the time of primary surgery [77, 98]. Wide surgical
marsupialization of the mucocele cavity, either endoscopic or open, is the gold
standard of treatment, allowing adequate drainage and minimizing recurrence
[99-101].
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Smell and Taste Disturbance

Olfactory dysfunction can significantly impact quality of life by decreasing food
enjoyment, leading to nutritional deficits, and may pose a safety hazard when smoke
or spoiled foods cannot be detected. Sinonasal surgery can directly traumatize
olfactory structures, depending on the location of the primary tumor, but can also
cause associated changes in airflow and the inflammatory milieu that can have indi-
rect effects on olfaction [102]. While studies have shown conflicting long-term out-
comes for skull base surgery patients, a large study performed by Kim et al. reviewed
226 patients undergoing skull base surgery for neoplasm and found significant
decreases in all smell scoring systems tested [103].

In order for patients to perceive smell, chemical compounds in odorants need to
reach the olfactory fibers at the olfactory groove. Therefore, physical obstruction of
this area caused by scarring and synechiae secondary to surgery can lead to hypos-
mia or anosmia [104]. As a result of surgery, there may also be resection of the
olfactory epithelium and bulb, which would also lead to anosmia secondary to loss
of nerve fibers. Reconstruction of the skull base with nasoseptal flap has been shown
to affect smell identification test scores temporarily in the immediate postoperative
period, however, with return of scores to baseline at 3 and 6 months [89, 105].
Another study reported a difference in preoperative smell function as compared
postoperatively in midline skull base tumors including craniopharyngiomas and
pituitary tumors [106]. This reflects the variability in tumor pathology that may
diminish olfaction preoperatively and the degree of olfactory cleft and skull base
resection, which would affect olfaction postoperatively. In an attempt to preserve
olfaction, preserving 1 cm of septal mucosa superiorly when raising the nasoseptal
flap for skull base reconstruction may preserve the olfactory epithelium [103, 107,
108]. Radiation therapy can further affect olfactory and taste function, and this has
been well-studied in head and neck cancer patients [109]. Those treated with radia-
tion suffer from smell disturbance that ranges from partial to complete smell loss,
poor odor identification and discrimination, and phantosmia. There is a decrease in
odor detection threshold with cumulative radiation of 0.8 Gy and 50% of patients
have smell impairment when reaching a dose of 40 Gy to the olfactory area [109].

Wound Healing

Late-stage wound complications can occur as a consequence of both surgical man-
agement and adjuvant radiation for sinonasal malignancy. As nasoseptal flaps are
commonly employed for the closure of skull base defects, nasal synechiae can form
in the postoperative period arising from the donor area of the septum and attaching
to the lateral nasal wall and inferior turbinate. These synechiae occur with a reported
incidence of 9-20% [110, 111]. Regular postoperative use of nasal saline irriga-
tions, in addition to nasal splinting in the postoperative period, can potentially ame-
liorate this complication. Choanal stenosis can also occur, especially if the posterior
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choana is adjacent to or involved by disease and requires maximum radiation dos-
age to be delivered to this area [112]. Circumferential scarring of the choana due to
fibrosis results in acquired choanal stenosis, and can be managed surgically fol-
lowed by stent placement.

Nasocutaneous fistula, a severe wound complication, occur in 3.6% of patients
treated for sinonasal malignancy [113]. This complication occurs primarily in
patients with a transfacial surgical incision; patients receiving radiation alone do not
often develop fistulas [114]. Squamous cell carcinoma pathology, increased tumor
stage, and adjuvant radiation therapy all increase the risk of nasocutaneous fistula
formation. When a fistula develops, surgical treatment is often necessary to correct
the defect. However, surrounding tissues have often been radiated as well, which
can pose unique challenges when considering reconstructive options.

A rare but important delayed complication in patients with sinonasal malignancy
is the development of osteoradionecrosis (ORN) of the skull base, which is most
commonly reported in patients requiring multiple courses of radiation [115].
Accumulated dose of radiation is typically over 100 Gy in this patient population
[116]. Rates of ORN are significantly higher in larger tumors due to the increased
size of the radiation field during adjuvant therapy [117]. Skull base ORN most fre-
quently is reported in the sphenoid area, followed by the clivus and surrounding the
internal carotid canal. Patients typically present with headache, intermittent epi-
staxis, nasal crusting, and foul odor emanating from the nose. Chronic rhinosinus-
itis may exist both as a comorbid condition and as a possible exacerbating factor in
the etiology of ORN development [116, 118]. When ORN is suspected in a patient
treated for sinonasal malignancy, a thorough evaluation with imaging and possibly
biopsy may be required to rule out recurrence before the final diagnosis of ORN
is made.

Conclusion

Surgical intervention for sinonasal and skull base malignancies has evolved tremen-
dously over the past several decades, as increased access with novel tools and tech-
niques has allowed for a more comprehensive approach. The proximity of the
sinonasal cavity to critical neurovascular structures and the orbit makes treatment
with surgery and radiation therapy challenging. The surgeon should have a thorough
understanding of the possible complications that may arise after treatment and pre-
serve a high index of suspicion. Early diagnosis of most complications and prompt
management can prevent permanent serious sequelae. Patients should be thoroughly
counseled on the potential complications that may arise with surgery for sinonasal
malignancy and adjuvant therapy. Because of the rare nature of sinonasal malignan-
cies and the variability in the tumor, management of complications after treatment
should be individualized to the patient. However, general principles should be used
to guide management, including clearance of infection, creating a barrier between
the intracranial and the sinonasal cavity, and preserving and restoring function of
the sinonasal cavity.
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