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BACKGROUND: Skull base osteoradionecrosis (ORN) is a challenging treatment-related
complication sometimes seen in patients with cancer. Although ORN management
strategies for other anatomic sites have been reported, there is a paucity of data guiding
the management of skull base ORN.
OBJECTIVE: To report a single-center tertiary care series of skull base ORN and to better
understand the factors affecting ORN recurrence after surgical management.
METHODS: We conducted a retrospective cohort study of patients with skull base ORN
treated at our center between 2003 and 2017. Univariate and multivariate binary logistic
regressions were performed to identify predictors of recurrence.
RESULTS: A total of 31 patients were included in this study. The median age at ORN
diagnosis was 61.1 yr (range, 32.8-84.9 yr). Of these 31 patients, 15 (48.4%) patients were
initially treated medically. All 31 patients underwent surgery. Three (14.3%) of 21 patients
treated with a free flap and 4 (50.0%) of 8 patients who underwent primary closure experi-
enced recurrence. Cox regression analysis revealed that reconstruction with local tissue
closure (P = .044) and ongoing treatment for active primary cancer (P = .022) were signif-
icant predictors of recurrence. The median overall survival from index surgery for ORN
treatment was 83.9 mo. At 12-mo follow-up, 78.5% of patients were alive.
CONCLUSION: In this study, we assess the outcomes of our treatment approach, surgical
debridementwith vascularized reconstruction, on recurrence-free survival in patientswith
skull base ORN. Further studies with larger cohorts are needed to assess current treatment
paradigms.
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O steoradionecrosis (ORN) is a treatment-
related complication primarily reported
in patients within the head and neck

cancer population defined as necrosis and
exposure of bone as a complication of radiation
therapy that fails to heal over a period of
3 mo.1,2 The hypothesized pathogenesis impli-
cates radiation-induced damage to vascular
endothelial cells in bone, which hampers

ABBREVIATIONS: CT, computed tomography; CI,
confidence interval; HBO, hyperbaric oxygen; HR,
hazard ratio; MRI, magnetic resonance imaging;
ORN, osteoradionecrosis; OD, overall survival; RFS,
recurrence-free survival

osteoblast activity and increases bone matrix
absorption.3-7 It is additionally known that
social habits, like alcohol abuse and smoking, are
significantly associated with ORN.5,8 In patients
with ORN at nonskull base sites, conservative
management, including hyperbaric oxygen
(HBO) therapy, antibiotics for superimposed
infection, and medical therapy with pentoxi-
fylline and tocopherol, are usually the first lines
of treatment and lead to complete resolution of
ORN within 1 yr in 8% to 33% of patients.9,10
If medical therapy fails in these patients, surgery
has been shown to be effective.11-16

The majority of the published studies on
ORN pertain to mandibular ORN; there are
few studies in the literature regarding the
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management of skull base ORN, which has thus far only been
described in case reports and small descriptive series.17,18 Due
to advances in radiation therapy and systemic therapy regimens,
a significant number of patients with malignancies involving
the skull base undergo multimodal therapy.19-22 Additionally,
with incremental improvements in cancer survival rates, an
increasing number of patients are undergoing salvage treatments,
which often consist of re-irradiation, possibly with concurrent
chemotherapy. As a result, cancer survivorship is an increasing
focus of care along with the management of treatment-related
sequelae – including ORN.
Due to the involvement of multiple anatomic compartments

and the exposure of critical neurovascular structures, skull base
ORN is particularly challenging to manage. Tissue necrosis and
infection in this region can affect critical neurovascular structures
and lead to internal carotid artery rupture (Figure 1) or recalci-
trant cerebrospinal fluid leaks.23,24 Given the unique anatomic
challenges in the skull base, there is a need to better understand
the factors affecting ORN outcomes after surgical management.
Accordingly, the goal of this study was to present and analyze our
approach to surgical treatment and reconstruction of skull base
ORN and to identify possible predictors of ORN recurrence after
surgical management. To our knowledge, this is the largest series
discussing skull base ORN.

METHODS

Study Design
A retrospective review of all patients treated surgically for ORN at our

institution between 2003 and 2017 for skull base ORN was performed
under an Institutional Review Board-approved protocol in compliance
with institutional regulations with regard to the study of human subjects
(Figure 2). All procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
For this type of study, formal consent was not required. Diagnosis and
anatomic involvement were assessed clinically and onmagnetic resonance
imaging (MRI) and computed tomography (CT). All surgical proce-
dures were performed to achieve a wide resection and debridement of the
invaded bony skull base and soft tissue compartments, followed by recon-
struction tailored to the individual patient and site of involvement. The
extent of bony resection required for each patient was based on preop-
erative imaging in addition to intraoperative decision-making after the
overlying involved soft tissue had been debrided. In general, free tissue
transfer was the preferred method of reconstruction unless the area of
debridement needed was thought to be limited and could be recon-
structed with local/regional flaps (ie, scalp advancement and rotational
temporalis flap).

A retrospective review of patients’ clinical charts was performed.
Demographics and clinical variables, including age and sex; medical
comorbidities, including any history of atherosclerotic disease and
history of smoking; and information about the primary cancer’s

FIGURE 1. CT-angiogram demonstrating findings of radiation-
induced injury to the internal carotid artery. This is a patient with
a history of nasopharyngeal carcinoma treated with chemoradiation
at initial diagnosis and then recurrent, who subsequently presented
with massive epistaxis. CT-angiography at the time demonstrated
a pseudoaneurysm involving the horizontal petrous segment of the
left internal carotid artery along with significant treatment-related
changes in the adjacent bony skull base A and B. After passing a
balloon test occlusion, the carotid artery was sacrificed.
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FIGURE 2. Patient flowchart.

histopathological diagnosis and treatment (surgical resection,
chemotherapy, and radiation) were also collected. For each patient,
the anatomic location of the ORN and the medical treatment, surgical
treatment, and reconstruction type were recorded. The primary outcome
of the study was recurrence-free survival (RFS), defined as the time from
the initial surgical treatment for ORN to the time of ORN recurrence.
ORN recurrence was defined as the need for reoperation following
failure of a prior surgical treatment.

Statistical Analysis
Categorial variables were assessed with frequencies and percentages,

while continuous variables were summarized with means and ranges.
Descriptive statistics were calculated for all variables. Kaplan-Meier
estimates of RFS curves were compared using the log-rank test.
Univariate predictors of risk of overall mortality and ORN recurrence
were assessed using the Cox proportional hazards model with 95% (CIs).
A P value < .05 was considered significant for all analyses. Analyses
were performed using the statistical software SPSS V.24 (IBM, Armonk,
New York).

RESULTS

Patient Demographics and Prior Cancer Treatments
A total of 31 patients were included in this study;

patient demographic and clinical information is summarized in
Table 1. The median age at the time of ORN diagnosis
was 61.1 yr (range, 32.8-84.9 yr). The median time from
radiation for the primary cancer to ORN occurrence was
52.0 mo (range, 1.1-305.8 mo). The most common primary
cancer diagnoses were squamous cell carcinoma (n = 7, 22.6%)
and esthesioneuroblastoma (n = 5, 16.1%), followed by basal
cell carcinoma, atypical meningioma, astrocytoma, and World
Health Organization Grade I meningioma (each n = 2, 6.5%).
All patients had previously received tumor-directed radiation
therapy (mean dose, 60 Gy) and had undergone surgical
resection for their primary tumor; additional tumor-directed
treatments included adjuvant chemotherapy (n = 18, 58.1%),
concurrent, adjuvant chemoradiation therapy (n = 9, 29%),
and neoadjuvant chemotherapy (n = 7, 22.6%). The median
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TABLE 1. Demographic and Previous Cancer History

N (%)

Number of patients 31
Median age, years (range)∗ 61.1 (32.8-84.9)
Sex
Male 18 (58.1)
Female 13 (41.9)

Primary cancer
Squamous cell carcinoma 7 (22.6)
Esthesioneuroblastoma 5 (16.1)
Astrocytoma 2 (6.5)
Atypical meningioma 2 (6.5)
Basal cell carcinoma 2 (6.5)
Meningioma 2 (6.5)
Lymphoma 1 (3.2)
Chondrosarcoma 1 (3.2)
Ewing sarcoma 1 (3.2)
Fibroxanthoma 1 (3.2)
Hemangiopericytoma 1 (3.2)
Melanoma 1 (3.2)
Oligoastrocyroma 1 (3.2)
Oligodendroglioma 1 (3.2)
Osteosarcoma 1 (3.2)
Pleomorphic adenoma 1 (3.2)
Seminoma 1 (3.2)

Treatments for primary cancer
Adjuvant chemotherapy 18 (58.1)
Surgery 31 (100)
Adjuvant radiation 31 (100)

Median radiation dose, Gy (range) 60 (30-70)
Radiation type
IMRT 9 (29.03)
SRS 2 (6.5)
Proton beam 2 (6.5)
Electron beam 1 (3.2)
Unknown 17 (54.8)

IMRT, intensity-modulated radiation therapy; SRS, stereotactic radiosurgery.

overall survival (OS) from the index surgery for ORN was
83.9 mo.

Presentation and Treatment Strategies
At the time of presentation, 4 patients (12.9%) were under-

going treatment for active cancer. The anatomic extent of skull
base ORN involvement is summarized in Figure 3. We assessed
skull base involvement by the Irish et al25 classification. Zone I
is defined as the central skull base extending laterally to the mid-
pupillary line of the orbit. Zone II is defined as extending from
the mid-pupillary line to the external auditory meatus while Zone
III extends from the external auditory meatus to the occipital
condyle. Zone I was most commonly affected (n = 17), followed
by zone II (n = 14) and zone III (7).25 ORN involved the
skin in the majority of cases (n = 24; 77.4%). Treatments for
ORN are summarized in Table 2. In this cohort, 15 (48.4%)
were initially managed medically at our institution. Medical

treatment strategies included the use of antibiotics, HBO, and/or
dressing changes. The surgical approaches employed were essen-
tially multicompartmental skull base approaches. The diseased
bony skull base was resected and any adjacent soft tissue compart-
ments debrided of necrotic tissue (Figure 4). Reconstruction
was performed by plastic surgeons in all cases. Reconstruction
techniques included microvascular free flaps (n = 23, 74.2%)
or local closure with local tissue advancement or regional flaps
(n = 8, 25.8%). Free flaps were designed to provide coverage
for the bony defect while also providing a skin paddle for
reconstruction of any involved overlying epithelial (ie, scalp)
or mucosal surfaces (ie, within the nasopharynx). The types of
free flaps employed are shown in Table 2; the recipient vessels
included superficial temporal (12 patients), facial (9 patients),
and transverse cervical (2 patients). The following rotations flaps
were employed in the remaining patients: temporalis flaps (2
patients), pericranial flap (1 patient), and galeal flap (1 patient).
In the remaining patients, after bony debridement, primary
closure was performed via local scalp advancement (4 patients).
Tissue specimens were sent for microbiological analysis, and
19 (61.3%) patients were tested positive for microorganisms.
The most commonly found bacterial species was Staphylococcus
aureus, and methicillin-sensitive Staphylococcus aureus was present
in 2 patients. B-hemolytic streptococci, Staphylococcus epider-
midis, and Pseudomonas aeruginosa were also found. A prolonged
antibiotic course was administered to all patients with positive
microbiology culture results.

Treatment Outcomes and Predictors of ORN Recurrence
The median follow-up duration for the study cohort was

16.3 mo and the mean ORN RFS was 89.3 mo. The median
OS was 83.9 mo where at last follow-up 18 patients (58.1%)
were alive. Short-term complications within 30 d occurred in
4 (12.9%) patients, including 3 with facial cellulitis and 1
with poly-microbial skin inflammation. Long-term complications
occurring greater than 30 d postoperatively were reported in 2
(6.5%) patients, including cerebrospinal fluid leakage (n= 1) and
frontal sinus fistula and mucocele (n = 1). Of the 21 patients
who underwent free flap reconstruction, only 3 patients (14.3%)
experienced recurrence. Of the 8 patients who underwent local
closure, 4 patients (50.0%) experienced recurrence. All 7 patients
that experienced recurrence were subsequently treated via reoper-
ation and reconstruction involving microvascular free flaps (4
patients including 3 patients who also underwent cranioplasty
with polyether ether ketone implants), split-thickness skin grafts
(2 patients), or primary closure (1 patient). None of these
patients experienced recurrence after their repeat treatment
for ORN.
The Kaplan-Meier and Cox regression analyses for predictors

of ORN recurrence are summarized in Table 3. Patients under-
going concurrent treatment of ORN and an active malig-
nancy had significantly shorter recurrence-free intervals (9.1 vs
102.0 mo; P = .005) and were at higher risk for recurrence
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FIGURE 3. Anatomic extent of skull base ORN.

TABLE 2. ORN Characteristics and Treatment Strategies

N (%)

Number of patients 31
Median time to ORN following radiation
treatment, months (range)

52.0 (1.1-305.8)

Initial medical treatment for ORN 15 (48.4)
Surgery for ORN 31 (100)
Reconstruction techniques

Local tissue closure 8 (25.8)
Microvascular free flap 23 (74.2)
Anterolateral thigh 13
Latissmus dorsi 6
Serratus anterior 2
Rectus abdominus 1
Radial forearm 1

Median follow-up time for ORN, months
(range)

16.3 (0-132.7)

ORN, osteoradionecrosis.

(hazard ratio (HR) = 10.3; 95% CI, 1.4-75.6; P = .022)
(Figure 5). In assessing the impact of reconstruction, local
closure (rotational flap or primary closure), as compared
with free tissue transfer, was significantly linked with poorer
outcomes (50.6 mo vs 80.3 mo, P = .018) and a 5-fold
increase in the risk of ORN recurrence (95% CI, 1.1-23.3;
P = .033) (Figure 6). Primary and regional flaps were assessed

as a single category due to the relatively small numbers of each
that precluded analysis in addition to the hypothesis that both
vascular supply of both types of tissue closure are likely to
have been affected by previous cancer-directed local therapies.
When rotational flaps (4 patients) were assessed separately, a
trend toward a higher risk of ORN recurrence on Cox regression
analysis was noted (HR 1.7, P= .196). To assess for confounding
factors that could have influenced why a local closure was
performed, log-rank analysis demonstrated no survival difference
between those undergoing local closure vs free tissue transfer
(P > .05). A 2-tailed student’s t-test was also performed to assess
for active cancer as a confounding factor – no correlation between
cancer status and type of reconstruction was noted (P > .05). Of
the 9 patients with active cancer at the time of ORN diagnosis, 5
underwent free tissue transfer and 4 underwent local closure. On
further analysis between the 2 groups, no significant differences
in any of the factors evaluated was noted (P < .05). Statistically
nonsignificant risk factors for shorter RFS included smoking
(44.0 vs 105 mo), chronic obstructive pulmonary disease (18.7
vs 89.0 mo), and cardiac disease (76.8 vs 86.9 mo).

DISCUSSION

As cancer survival improves with advancements in therapy,
survivorship and management of treatment-related compli-
cations are becoming increasingly important in cancer care.
ORN of the skull base poses substantial quality-of-life issues
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FIGURE 4. Representative case showing ORN of the anterolateral skull base. The image shows an
example of a patient with a previous parotid gland malignancy. The patient had undergone a
mandibulectomy/infratemporal fossa resection and adjuvant chemoradiation therapy and presented 3 yr
post-treatment with extensive ORN involving the middle cranial fossa, temporal bone, remnant infratem-
poral fossa, and overlying skin. Preoperative MRI A demonstrates the extent of exposure of the skull base and
the soft tissue defect with temporal lobe necrosis but shows no evidence of tumor recurrence. Intraoperative
images B and C show the extent of the debridement of the middle fossa, dura, and infratemporal fossa.
Postoperative MRID demonstrates soft tissue reconstruction with an anterolateral thigh flap. Abbreviations:
NS, nasal septum viewed through the posterior aspect of the maxillary sinus (solid line); PO, posterior orbital
apex; SS, sphenoid sinus; and V2, skeletonized at foramen rotundum.

and can be challenging to manage because of numerous
anatomic factors. The current published literature has
insufficient data guiding the proper management of skull
base ORN. Accordingly, in this manuscript, we demon-
strated the role of surgery along with the impact of vascu-
larized reconstruction and active systemic disease on ORN
recurrence.

Presentation andMedical Management of ORN
The presentation of skull base ORN in our series appears to

be similar in nature to that of ORN of the head and neck;
both types of ORN present with exposed bone and devitalized
overlying soft tissue.26-31 Another finding at presentation in our
cohort was concomitant infection with either soft tissue cellulitis,
osteomyelitis, or sinusitis. Typically, ORN is diagnosed by clinical
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TABLE 3. Predictors of ORN Recurrence-Free Survival

Log-rank analysis of RFS Cox regression analysis of RFS

Variable Median RFS (months) P value HR (95% CI) P value

Patient characteristics
Age
Below 65 69.3 .052 .16 (.02-1.32) .088
65 or above 90.0

Sex
Male 25.9 .073 .25 (.047-1.29) .097
Female 110.7

Type I/II diabetes
Yes N/A .46 .044 (0-13 976.2) .63
No N/A

History of smoking
Yes 44.02 .19 2.65 (.588-11.945) .21
No 105.59

History of COPD
Yes 18.74 .72 .68 (.081-5.63) .72
No 89.04

History of cardiac disease
Yes 76.8 .54 .52 (.062-4.39) .55
No 86.9

Primary cancer history
Neoadjuvant chemotherapy
Yes N/A .086 .028 (0-27.4) .31
No N/A

Concurrent chemoradiation
Yes 59.13 .895 .895 (.17-4.63) .895
No 88.29

Adjuvant chemotherapy
Yes 83.62 .51 1.73 (.34-8.93) .51
No 74.93

Previous radiation dose
60 Gy or below N/A .20 .031 (0-179.25) .43
Above 60 Gy N/A

Previous IMRT
Yes 67.65 .94 .94 (.18-4.84) .94
No 88.41

Previous SRS
Yes N/A .63 .044 (0-9 329 347.2 .75
No N/A

Previous proton beam therapy
Yes N/A .33 .040 (0-879.85) .53
No N/A

Ongoing treatment for primary cancer at ORN diagnosis
Yes 9.1 .005∗ 10.32 (1.41-75.57) .022∗

No 101.95
Treatments for ORN
Medical treatment before surgery
Yes N/A .76 .79 (.17-3.62) .76
No N/A

Antibiotric course after ORN surgery
Yes 81.72 .34 2.67 (.32-22.28) .36
No 38.37

Reconstruction type
Local closure 50.55 .018∗ 5.15 (1.14-23.3) .033∗

Free tissue transfer 80.33

∗P values < .05 were considered statistically significant.
COPD, chronic obstructive pulmonary disease; HR, hazard ratio; IMRT, intensity-modulated radiation therapy;ORN, osteoradionecrosis; RFS, recurrence-free survival; SRS, stereotactic
radiosurgery. N/A – median values not reached.
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FIGURE 5. Kaplan-Meier curve demonstrating impact of active treatment for primary cancer on ORN
recurrence-free survival.

FIGURE6. Kaplan-Meier curve demonstrating impact of reconstruction technique on ORN recurrence-free
survival.
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examination of the exposed areas, which can be difficult in cases
involving the skull base. Thus, imaging, includingMRI andCT, is
important in assessing the extent of bony skull base involvement.
MRI, for example, can demonstrate irregular or decreasedmarrow
signals and post-gadolinium enhancements.12,32,33

Currently, there is no universally accepted medical approach
to ORN. This is likely reflective of the shift in the hypothe-
sized pathophysiology that has occurred over time. In 1983, Marx
et al proposed ORNwas a result of tissue hypoxia and hypovascu-
larity resulting from cellular events triggered by radiation therapy
ultimately causing tissue breakdown and a chronic nonhealing
wound. This hypoxia theory has been the primary motivation to
pursue HBO as a therapy. While there are concerns that HBO
could stimulate growth in cancer cells based on conflicting early
studies, the current body of literature indicates that HBO does
not promote cancer development as tested in Vivo models.34,35
In ORN, the rationale is that HBO could increase oxygenation
in hypoxic tissue while also promoting angiogenesis and having
bactericidal and bacteriostatic effects.1 Data from Wong et al16
showed that conservative treatment with antibiotics, HBO, and
local wound care resulted in improvement in 25% to 44% of
patients. Ultimately, the efficacy of HBO inORNmanagement is
contentious; furthermore, several published case series concluded
negative results.36-38 Due to the poor quality of currently available
data, the Dana-Farber/Brigham and Women’s Cancer Center
Multidisciplinary Guideline39 recommends against the routine of
HBO as monotherapy for ORN treatment, especially in patients
who received radiation therapy for head and neck cancers.
More recently, an alternative etiology for ORN has been

proposed, suggesting that radiation-induced dysregulation of
fibroblast activity in the bone results in unhealthy fibrotic
tissue.40 This fibroatrophic mechanism is based on endothelial
dysfunction, microvascular thrombosis, and bone necrosis. This
has paved the way for the use of antioxidant and antifi-
brotic therapies, such as pentoxifylline, alpha-tocopherol, and
clondronate, in the treatment of ORN.41 In a study of 54
mandibular ORN patients, the use of all 3 agents, along with
prednisone and ciprofloxacin, resulted in complete recovery in
all cases after a median treatment length of 9 mo.9 Based on
all currently available data for head and neck ORN, a suggested
approach for early and limited ORN could rely on the use of
antibiotics along with the above medical therapies and nonsur-
gical wound care.

Surgical and Reconstruction Strategies for ORN
Surgical management of ORN is reserved for patients in

whom conservative medical treatment has failed or for those
who present with extensive advanced lesions. While extensive
skull base debridement with the need for soft tissue recon-
struction could be considered a large undertaking, the observed
median OS of 83.9 mo in our study indicates that intervention
is justified given the long-term negative impact of an extensive
non-healing wound. This is bolstered by the increasing number of

salvage therapy options for patients dealing with the progression
of their primary malignancy. The head and neck literature
describes surgical options for ORN based on the severity of the
disease.14,42, Anatomically limited cases can be managed with
sequestrectomy and primary closure.14,43 Advanced cases with
extensive osteomyelitis and larger skin defects require extensive
bone resection followed by advanced reconstruction.12,14,23,42-44
In our surgical practice, we have employed the strategy of
extensive bony skull base resection with debridement of any
infected soft tissue, followed by coverage of the dura and recon-
struction with vascularized soft tissue.
Multicompartmental skull base resections – even for ORN

– can unify multiple intracranial and subcranial compart-
ments, including the upper aerodigestive tract and paranasal
sinuses, while leaving previously irradiated vascular structures
exposed. Adequate reconstruction must separate the subcranial
and intracranial cavities, provide vascularized coverage of any
exposed bone and vessels, and produce an optimal cosmetic
outcome. Our data demonstrate that reconstruction with free
vascular flaps is significantly associated with longer RFS and
better healing and tissue viability. The inferiority of regional
flaps (ie, temporalis and pericranial flaps) may be due to the
disruption of their vascular supply by previous local treatments
(ie, surgery and/or radiation therapy), as well as their limited
size and reach. Although a wide spectrum of reconstruction
techniques, including skin/bone grafts, rotational and regional
flaps, and vascularized flaps, have been described in the literature,
several prior studies have found vascularized flaps to be the most
effective option.13,14,42,45 A consideration for why patients with
local closure had poorer outcomes is that intervention may have
been performed too early in this cohort before their ORN had
fully peaked. Hence, the true extent of diseased tissue may have
been underestimated – influencing the reconstruction strategy.
Also, while we combined regional flaps with other local closure
methods for analysis given the relatively small numbers, there may
be a subset of patients where there still might be viable regional
flaps whose vascularity has not been compromised.
In 2011, Hanasono et al46 published an updated approach

to skull base reconstruction in their report of a 250-case series.
In comparing the results of 39 local or regional pedicled flap
reconstructions with those from 211 free flap reconstructions,
Hanasono et al demonstrated a significant improvement in
wound-healing outcomes with the use of free tissue transfer.
Not only do free flaps bring in well-vascularized, nonirradiated
tissue to facilitate healing, but they also permit more complete
resection of ORN lesions because larger flaps than those available
locally or regionally can be utilized. This publication also summa-
rizes our algorithm for approaching reconstruction of skull base
defects. Generally, the skull base location and size of the defect
along with the number of skin paddles needed to reconstruct any
cutaneous or mucosal defects dictates the type of free tissue trans-
ferred employed. Typically, the anterolateral thigh flap is the most
versatile and has been our preferred method of reconstruction
due to the reduced donor site morbidity, the ability to harvest
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additional bulk, and multiple skin paddles on separate perfo-
rators. This flap also permits the harvesting of nerve grafts and
fascia if needed while also allowing 2 teams to work together
while performing the resection and graft harvest simultaneously.
Although microvascular free flaps are beyond the scope of this
study, these flaps may be associated with improved functional and
aesthetic outcomes and, thus, a greatly improved quality of life
for patients because they allow the transfer of various tissue types,
including skin, fat, bone, and even functional muscle. The value
of upfront free tissue transfer for head and neck ORN has been
demonstrated in several other small series.47-49
The potential morbidity associated with free tissue transfer

must be considered. With the use of intraoperative vascular
dyes (ie, indocyanine green), decisions regarding the reliability of
regional flaps versus free tissue transfers can be made case by case.
The importance of adequate wound healing is likely the expla-
nation for why ongoing treatment for active cancer was found
in our study to be linked with higher ORN recurrence rates.
Particularly in patients who have previously undergone intensive
treatments for their primary malignancies, the salvage systemic
therapies used in skull base cancers can be associated with higher
rates of toxicity, including immune suppression and impaired
wound healing.

Study Limitations
Although this study is one of the largest skull base ORN

cohorts, its relatively small sample size limited its statistical power.
The study was also limited by a patient cohort heterogeneous
in terms of primary cancer pathology and ORN anatomical
involvement. Because many of the patients received radiation
therapy at other institutions, radiation dose and modality infor-
mation were missing for several patients. Finally, the findings of
this study do not provide insight regarding the best initial medical
management strategies and the identification of which patients
should initially be treated primarily with noninvasive strategies vs
surgical intervention.

CONCLUSION

There are limited data regarding the surgical management
of skull base ORN. In the cohort presented, we employed the
strategy of maximum bony and soft tissue debridement with
soft tissue reconstruction. We found that microvascular free flap
reconstruction was significantly associated with a lower risk of
ORN recurrence; it is feasible that in select cases, rotational flaps
can also be effective when well vascularized tissue is available.
Thus, the reconstruction strategy following surgical treatment of
skull base ORN should be thoughtfully selected. In addition,
surgical intervention in patients with ORN who are undergoing
active cancer treatment should be carefully considered, as the
risk of ORN recurrence is higher for these patients. This study
sheds light on the management of skull base ORN and opens
the discussion regarding the optimal surgical management of this
understudied treatment-related complication.
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