Current Otorhinolaryngology Reports (2020) 8:160-169
https://doi.org/10.1007/s40136-020-00286-7

SKULL BASE SURGERY (CH SYNDERMAN AND EW WANG, SECTION EDITORS)

®

Check for
updates

Quality of Life Outcomes and Approach-Specific Morbidities
in Endoscopic Endonasal Skull Base Surgery

Nicholas R. Rowan' - Debraj Mukherjee?

Published online: 19 March 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

Purpose of Review Endoscopic endonasal skull base surgery (EESBS) has many advantages compared with traditional ap-
proaches. Recently, there is an increasing focus on patient-centered, quality of life (QOL), and approach-specific outcomes.
This review seeks to illuminate our current understanding and knowledge gaps in EESBS-specific QOL outcomes.

Recent Findings In an effort to capture the most relevant QOL implications for patients undergoing EESBS, three comprehen-
sive, validated, QOL instruments have been created. These instruments are often supplemented by sinonasal-specific outcome
measures, given the potentially significant sinonasal repercussions incurred with the use of the endonasal corridor. To date, most
EESBS QOL investigations include patients with sellar-based pathology, though series with patients undergoing more extensive
approaches are emerging.

Summary Generally, patients experience transient postoperative worsening of skull base— and sinonasal-specific QOL. Larger
series, with validated QOL outcome measures, are needed to better understand patient outcomes and the morbidities of EESBS,
especially those that relate to olfaction and surgery beyond the sella.

Keywords Skull base - Quality of life - Sinonasal morbidity - Endoscopic endonasal skull base surgery - Olfaction - Pituitary

Introduction intraoperative visualization, decreased perioperative compli-
cations, and decreased postoperative length of stay as com-

Over the past 2 decades, the combination of technological  pared with traditional approaches [1-4]. In light of these ad-

advancements, improved endoscopic techniques and surgeon
comfort, has made the utility of endoscopic endonasal corridor
for a variety of skull base pathologies commonplace. The
advent of endoscopic endonasal skull base surgery (EESBS)
has afforded surgeons and patients many benefits; including
similar, if not improved surgical outcomes, improved
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vances, along with the proximity of skull base pathologies to
critical anatomical structures, and the fact that many skull base
pathologies are benign, there is an increasing focus on quality
of life (QOL) outcomes in skull base surgery and in surgical
decision-making.

Despite the many advantages of EESBS, the use of the
endonasal corridor introduces unique morbidities and quality
of life (QOL) perturbations not experienced by patients under-
going, traditional, transcranial surgery. In particular, accom-
panying the inherent risk to sinonasal structures with this ap-
proach, patients undergoing EESBS are at risk for a variety of
sinonasal-related morbidities with a potentially profound im-
pact on patient QOL. In an effort to elucidate the impact of
EESBS on patient QOL, several authors have created compre-
hensive, skull base-specific QOL instruments [See, 6ee, 7o,
8e+]. Nonetheless, these instruments are not universally
adopted, and oftentimes, rhinologic-specific QOL question-
naires with intrinsic shortcomings for this patient population,
are used to assess the influence of EESBS on patient QOL
instead [9e°].
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Overall, though there is increasing recognition of the QOL
implications and morbidities incurred for patients undergoing
EESBS, there continue to be substantial shortcomings in our
understanding. As such, this report will first review some of
the instruments available for QOL assessment in patients un-
dergoing EESBS. Next, we seek to illuminate unique
sinonasal consequences and sinonasal-specific outcomes as-
sociated with EESBS. Finally, we will review morbidities of
specific EESBS approaches and surgical techniques.

Measurement of Skull Base-Specific QOL
Outcomes in EESBS

The importance of health-related QOL outcomes is increasingly
recognized. In patients undergoing EESBS, the proximity of an
oftentimes benign pathology to critical neurovascular structures
must be considered in shared surgical decision-making and
patient counseling, given the potentially profound morbidities
of these surgeries. Surgeons and patients alike should consider
the extent of tumor resection and surgical complications, as well
as a variety of other clinical outcomes including visual, hor-
monal, and sinonasal consequences. Moreover, QOL instru-
ments should further characterize outcomes with additional
physical, psychosocial and cognitive domains [10].

A variety of tools exist for measuring patient QOL in
EESBS, ranging from symptom-specific or skull base—
specific instruments to generalized QOL measures. Disease-,
or skull base—specific QOL is particularly important in this
patient population given the wide variety of skull base pathol-
ogies, as well as the range of potentially involved anatomical
structures. Meanwhile, symptom-specific instruments, in par-
ticular those that assess sinonasal QOL, are paramount in
assessing approach-related morbidities and will be reviewed
in a forthcoming section. An ideal, comprehensive, QOL in-
strument should also incorporate aspects of general health
outcomes. Currently, several comprehensive EESBS QOL in-
struments exist.

Anterior Skull Base Questionnaire

The Anterior Skull Base Questionnaire (ASBQ) was the first
skull base, site-specific QOL instrument. This tool is a validat-
ed, multidimensional, site-specific instrument with high internal
consistency and test-retest reliability that was created in a cohort
of patients with malignant pathologies who had undergone tra-
ditional, open approaches [5+¢]. The ASBQ was then later val-
idated in a population of patients with both benign and malig-
nant pathologies who underwent EESBS [11]. This question-
naire includes six domains: performance, physical function,
vitality, pain, specific symptoms, and influence on emotions.
There are 35 questions in total, each with a Likert scale of 1 to 5,
with 5 representing the highest quality of life, and a total

possible score of 175. This instrument has 7 disease-specific
questions and 3 questions that relate to sinonasal functioning.
The ASBQ benefits from a defined minimal clinically impor-
tant difference (MCID), defined as a change of 0.4 [12].

Skull Base Inventory

Next, the Skull Base Inventory (SBI) was developed in 2012
in an attempt to incorporate additional disease-specific items.
The SBI is a multidimensional, disease-specific instrument
created for patients with both benign and malignant patholo-
gies of the anterior and central skull base, undergoing open or
endoscopic approaches [6°¢]. The instrument consists of 41
total questions, with Likert scale responses ranging from 0
to 6, for a total possible score of 246 with lower scores
representing worse QOL. The questionnaire contains 26
disease-specific items and includes 11 specific domains in-
cluding social, emotional, physical, cognitive, family, finan-
cial, spiritual, endocrine, nasal, neurologic, and visual, which
demonstrate some differences in the degree of internal consis-
tency. Though the instrument has excellent content validity
and follow-up psychometric testing including cross-sectional
validity and reliability was demonstrated in 2016, this instru-
ment has yet to be broadly adopted [13].

Endoscopic Endonasal Sinus and Skull Base Surgery
Questionnaire

Most recently, the Endoscopic Endonasal Sinus and Skull
Base Surgery Questionnaire (EES-Q) has been proposed as a
comprehensive tool for the measurement of health-related
QOL in patients with skull base and sinonasal pathology
[7¢°]. The EES-Q is a multidimensional, disease-specific in-
strument with 3 domains: physical, psychosocial, and social
functioning. The instrument has excellent consistency, is val-
idated, and reliable [7¢, 14]. It consists of 30 total questions,
answered on a 5-choice Likert scale, and has significant pos-
itive correlations with the 22-item Sino-Nasal Outcome Test
(SNOT-22) and a well-accepted, validated, general health-
related QOL measure. Similar to the SBI, this instrument has
yet to be widely adopted. It is worth noting that the EES-Q
was defined in a patient population somewhat different than
both the ASBQ and SBI, including almost entirely patients
with benign pathology and a subset of patients undergoing
limited functional endoscopic sinus surgery for chronic
rhinosinusitis.

A summary of the above measures is listed in Table 1. Each
instrument presents its own set of advantages and disadvan-
tages. Moreover, though multiple authors have attempted to
quantify both disease-specific and general QOL outcomes in
patients undergoing EESBS, relatively few studies have uti-
lized these EESBS-specific instruments. The most rigorous
investigations have been performed in patients with pituitary
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pathology. Approach- and disease-specific QOL outcomes
using these metrics will be reviewed in the ensuing sections.

Measurement of Sinonasal QOL Outcomes
in EESBS

The sinonasal morbidities of EESBS have long been recog-
nized [15—-17]. Direct surgical insults to the sinonasal corridor
and alteration of sinonasal anatomy may result in a variety of
sequelae including, but not limited to, nasal crusting, nasal
obstruction, anosmia, rhinosinusitis, mucocele formation,
and cosmetic deformities. Of note, the importance of olfaction
cannot be overstated, and is an included item in all QOL
instruments detailed in this current report; it is increasingly
studied [18, 19¢, 20-, 21]. Beyond the obvious important qual-
ities of olfaction, such as the ability to detect potential health
hazards (e.g. fire), or create social awareness (e.g., perceive
body odor), olfactory dysfunction itself can result in signifi-
cant health impacts, substantially affecting overall wellbeing
and QOL [22-24]. Two rhinologic-specific instruments are
commonly used to measure sinonasal QOL outcomes in the
EESBS patient population.

The most common instruments used to assess sinonasal
QOL is the SNOT-22. Though this instrument has not
been validated in the EESBS patient population and has
inherent shortcomings of its use, the robustness, reliabili-
ty, and familiarity of this instrument in the rhinologic
community has made this tool an intuitive choice to serve
as an indicator of sinonasal-specific symptomatology and
QOL. The SNOT-22 questionnaire is composed of 22
questions presented on a Likert scale, scored from 0 to
5, with a maximum possible score of 110 and higher
scores representing a more severe impact on sinonasal
QOL [25]. This instrument is robust and benefits from
wide use, an established MCID, comparative control data,
and subdomain scores (rhinologic, extranasal rhinologic,
ear/facial symptoms, and psychological and sleep dys-
function) [26, 27].

In addition to the SNOT-22 questionnaire, the Anterior
Skull Base Nasal Inventory-12 (ASK Nasal-12) is a validated,
site-specific, unidimensional rhinologic outcome tool sensi-
tive to clinical change examining the effect of EESBS on
nasal-related morbidities [8e¢]. It has both symptom and sen-
sory subdomains, and a total of 12 questions. Each question
includes a 6-point Likert scale ranging from 0 (no problem) to
5 (severe problem). The ASK Nasal-12 score is reported as a
mean of all 12 equally weighted items, thus a total score rang-
ing from 0 to 5. Though this metric benefits from simplicity
and rigorous validation, an established MCID, and is EESBS-
specific, it has not been extensively reported in the literature
[28].

Sinonasal Morbidities and QOL Outcomes
in EESBS

Many studies have attempted to quantify the impacts of
EESBS on sinonasal QOL [29-32, 33+, 34, 35]. Though these
studies provide meaningful QOL data, they are limited by
variable study size, mixed pathologies, and different QOL
instruments. The first studies to detail sinonasal morbidities
of EESBS emphasized the incidence of nasal crusting, nasal
drainage, nasal obstruction, and septal perforations [15-17,
36]. Rates of nasal crusting and nasal drainage have been
reported as high as 98% and 46% respectively, whereas pub-
lished rates of septal perforations in the setting of nasoseptal
reconstruction range from none to 14% in the largest series
[17,37-39].

Over time, along with the creation of validated QOL mea-
sures and larger patient cohorts, comprehensive data collec-
tion has improved the understanding of the durability of these
postoperative changes. The Cornell group has several studies
that specifically examine sinonasal QOL outcomes in the
EESBS population [32, 33¢, 40]. The study by McCoul et al.
prospectively demonstrated a transient decrease in sinonasal
QOL, but no significant long-term sinonasal QOL sequelae
[33+]. Several other studies corroborate the findings of rela-
tively transient nasal morbidities following EESBS, most of
which include predominantly pituitary pathology [18, 41-45].
Though debated, and some conflicting reports exist, a more
extensive surgical approach may not necessarily correlate with
worse sinonasal QOL outcomes [18, 46¢].

In an effort to comprehensively analyze sinonasal-specific
QOL following EESBS, a recent systematic review with meta-
analysis reviewed 19 unique studies with a total of 1025 pa-
tients with SNOT-22 questionnaire outcome data [9+¢]. This
robust analysis demonstrated temporary worsening of
sinonasal QOL at 1 month postoperatively in all patients un-
dergoing EESBS, followed by statistically significant im-
provements in SNOT-22 scores at 6- and 12-months postop-
eratively, beyond baseline scores. The authors also demon-
strate that whereas patients who are asymptomatic preopera-
tively do not experience long-term negative impacts, patients
with worse preoperative sinonasal QOL demonstrate signifi-
cant and sustained improvements in SNOT-22 scores as early
as 12-weeks postoperatively, and continue through long-term
follow-up. Finally, patients with intracranial pathology were
compared with those with intranasal pathology. While both
populations experienced improvements in SNOT-22 scores
by 3-months postoperatively, patients with intranasal pathol-
ogy had stability in scores thereafter, while patients with in-
tracranial pathology experienced continued improvement.

Beyond broad sinonasal outcomes, olfactory dysfunction is
one of the most potentially disruptive sinonasal-specific mor-
bidities of EESBS. Patients with disruptions in their ability to
smell, commonly experience weight loss, decreased social
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interaction, and are at increased risk for major depressive dis-
order and generalized anxiety [47-50]. Olfactory dysfunction
has been directly associated, in a “dose-dependent” fashion
with increases in all-cause mortality, reduced overall QOL,
productivity, and even cognitive function [51-54].

The degree of olfactory dysfunction experienced by
EESBS likely directly correlates with the amount of disease
or surgical involvement of the olfactory tract. While a
transsellar approach that preserves the olfactory mucosa is less
likely to result in severe, permanent olfactory dysfunction,
pathology directly involving olfactory structures, such as ol-
factory groove meningioma or esthesioneuroblastoma, are
more likely to result in permanent anosmia [19e, 55-57].
Several studies have attempted to quantify the impact of
EESBS on objective olfactory function, most of which include
patients with sellar or parasellar pathology. The results of such
studies are variable and oftentimes use somewhat abbreviated
olfactory testing, which fails to detail both the extent and
mechanism of the olfactory insult [18, 19, 20e, 58¢]. The
recent report by Griffiths et al. suggests that in a population
of patients with predominantly pituitary or other sellar pathol-
ogy, a small percentage of patients (5.5%) of patients will have
objective postoperative hyposmia, but olfaction is generally
maintained in the setting of superior olfactory strip preserva-
tion [20e].

Morbidities of Specific Approaches
and Surgical Techniques

Sellar and Parasellar Region

As noted above, several mostly transient sequelae, such as
nasal crusting and discharge, may be observed following
EESBS for lesions of the sella and parasellar region.
Suberman et al. reported no significant long-term detriment
in sinonasal QOL among a single-center series of 50 patients
undergoing EESBS for pituitary adenomas with an average
follow-up of 24 months [59]. McCoul et al. demonstrated
transient worsening in ASBQ and SNOT-22 scores in 81 pi-
tuitary adenoma patients at 3 weeks postoperatively; starting
at 12 weeks postoperatively, SNOT-22 scores normalized to
their preoperative baseline while ASBQ improved beyond
their preoperative baseline [33¢]. In a larger, multi-
institutional series of 100 postoperative pituitary adenoma pa-
tients, Little et al. found sinonasal QOL to nadir at 2 weeks
with recovery at 3 months following EESBS [42].

Beyond pituitary adenomas, postoperative QOL among pa-
tients with parasellar lesions has been relatively poorly studied.
The Cornell group performed a comparative analysis of QOL
between 31 postoperative patients with craniopharyngiomas
and 62 postoperative patients with pituitary adenomas [34].
Using the ASBQ and SNOT-22 instruments, the authors found
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that, among craniopharyngioma patients, those who achieved
an operative gross total resection were more likely to have
improved postoperative QOL, mirroring their results among
patients with pituitary adenomas [32]. The subset of
craniopharyngioma patients with worse postoperative vision
or endocrine deficits relative to their preoperative baseline
drove the cohort of craniopharyngioma patients to have overall
worse QOL relative to the pituitary adenomas [34]. Reports
focusing on postoperative QOL in patients with parasellar me-
ningiomas are sparse, though the series by Jones et al. reviewed
long-term outcomes in 14 patients with ASBQ data and 19
patients with SNOT-22 data and demonstrated a modest im-
provement in postoperative QOL in this patient population,
particularly in patients aged < 55 years old [60].

Anterior Cranial Fossa

EESBS for resection of anterior cranial fossa lesions, inclusive
of esthesioneuroblastoma, meningiomas, and sinonasal malig-
nancies, is prone to many of the nasal morbidities encountered
following resection of sellar and parasellar lesions. A recent
review found the average complication rate following EESBS
for anterior cranial fossa pathology to approximate 17% [61].
Endoscopic endonasal resection of anterior cranial fossa le-
sions are more likely than parasellar counterparts to be com-
plicated by cerebrospinal fluid leak and associated sequela
including pneumocephalus and meningitis, though rates of
these complications have significantly decreased following
the advent of the vascularized nasoseptal flap [62, 63].

Among case series solely including patients with anterior
skull base pathologies, Castelnuovo et al. found a significant
decline in ASBQ scores within the first month of surgery,
followed by a return to baseline over the first year following
surgery. Within this cohort of 153 patients, those aged greater
than 60 years old and undergoing radiation were found to be
least likely to return to preoperative baseline ASBQ scores
[29]. In a similar series of 250 patients with mixed anterior
skull base pathologies, Ahn et al. found SNOT-22 scores
returned to preoperative baseline scores within 6 months of
EESBS, and that patients with significant postoperative mu-
cosal edema demonstrating worse recovery [44]. Within a
smaller series of 10 patients with esthesioneuroblastoma, a
decrease in sinonasal QOL was noted 3 months postoperative-
ly, though patients returned to their baseline sinonasal QOL
scores by 6 months postoperatively [64].

Various operative techniques and approaches have also
been associated with variable postoperative morbidity profiles
for anterior skull base pathologies. For instance, in a recent
series of 14 esthesioneuroblastoma patients with preservation
of one olfactory bulb, 43% of patients were found to have
residual smell function including 14% of patients with normal
or only mildly reduced smell following unilateral endoscopic
tumor resection. Of note, all 14 patients in this series received
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postoperative radiation and none have yet had tumor recur-
rence, with a mean follow-up of 51.7 months [65]. In contrast,
a recent systematic review of EESBS versus open cranial ap-
proaches for resection of olfactory groove meningiomas found
less postoperative anosmia in patients undergoing open crani-
otomy (37.4%) relative to the EESBS cohort (95.9%), sug-
gesting the need for further investigation of the most optimal
surgical approaches to treat anterior skull base pathologies
while minimizing patient morbidity and maximizing QOL
[55].

Middle Cranial Fossa

The EESBS approach for middle cranial fossa lesions is often
employed to treat encephaloceles, spontaneous cerebrospinal
fluid leaks, and various skull base tumors including nasopha-
ryngeal carcinomas. An approach to such pathologies often
includes an endoscopic endonasal transpterygoid approach,
with subsequent risk to the vidian and V2 nerves. As such,
operative morbidity from this approach may include
hypesthesia, paresthesia, and dry eye. In a recent small series
of 8 patients treated with an EESBS approach for repair of
lateral pterygoid recess encephaloceles, a majority of patients
developed at least transient hypesthesia (75%), paresthesia
(62.5%), and dry eye (50%), with a reported 10% incidence
of long-term ongoing sequela [66]. In a larger series of 37
patients undergoing EESBS with a transpterygoid approach
for tumor resection, 26 patients (70.3%) had sacrifice of the
vidian nerve, although only 38.5% of these patients
complained of postoperative dry eye [67].

Dependent upon the pathology being surgically treated, the
vidian and V2 nerve often must be resected. However, in
select instances, it may be possible to avoid injury to these
structures. For instance, Geltzeiler et al. recently published an
anatomic study highlighting a vidian and greater palatine
nerve—sparing transpterygoid approach for nasopharyngeal tu-
mors, and Alves-Belo espoused the potential benefits of a
lateral trans-orbital approach over an EESBS transpterygoid
approach for repair of lateral encephaloceles [68, 69]. While
large clinical series have yet to be published using these novel
operative corridors, such approaches may be useful in patients
particularly at risk of sequela from trauma to or resection of
the vidian and V2 nerves.

Posterior Cranial Fossa

Use of the endoscopic endonasal corridor to approach skull
base pathology within the posterior cranial fossa continues to
evolve, with this operative corridor being increasingly used to
resect chordomas, chondosarcomas, and other lesions involv-
ing the clivus and petrous bones. While data on QOL out-
comes in these patients is generally lacking, several series
have been published highlighting operative morbidity in the

patient population, including rates of cerebrospinal fluid leak,
abducens nerve palsy, carotid artery injury, atlantoaxial insta-
bility, and iatrogenic seeding of tumor.

For instance, in a series of 65 consecutive skull base
chordoma patients, Zoli et al. reported an overall complication
rate of 15%, including a 2.5% rate of CSF leak rate, 6.2% rate
of abducens palsy, and 2.5% of carotid artery injury rate [70].
Rates of perioperative complications vary widely in the liter-
ature and are based, in part, upon surgeon experience and
operative technique. For instance, in another large series of
60 chordoma patients, with 25 such patients being operated
upon for recurrent disease, the CSF leak rate totaled 20% with
an associated meningitis rate of 3.3%, and the rate of new
abducens nerve palsy was 6.7% [71]. Among the most devas-
tating complications from EESBS for posterior fossa lesions is
carotid artery injury. One of the largest series to investigate
this complication found a 2% risk of carotid artery injury
among 142 cases of chordoma and chondrosarcoma [72].
Additionally, aggressive resection of bony elements within
the posterior fossa may be associated with instability at the
skull base. A series of 212 patients with lower clival lesions
inclusive of chordomas, chondrosarcomas, and osteosarcomas
found that 7 patients (3.3%) required atlanto-occipital fusion
for instability, with the primary risk factor for instability being
greater than 75% resection of the occipital condyle, which is
often not possible to achieve without a combined EESBS/
open craniotomy approach for tumor resection [73]. Lastly, a
recent series of 173 chordoma patients found a 1.2% rate of
iatrogenic seeding of tumor cells along the operative corridor;
additional studies are required to help determine whether op-
erative adjuncts, such as pathway protection devices, may
help prevent such seeding within the endonasal corridor [74].

Among the most difficult to reach lesions via the EESBS
approach, new approaches to access tumors within the petrous
ridge and to address resultant CSF leaks continue to push the
boundaries of endoscopic skull base surgery. The contralateral
transmaxillary approach has expanded the EESBS corridor to
allow the skull base surgeon greater ease of access to the
petrous ridge posterior to the petrous segment of the carotid
artery, permitting greater extent of resection for
chondrosarcomas in this region without significantly in-
creased risk of injury to the carotid artery [75]. The use of
pericranial flaps has also been found to be useful in patients
with recurrent tumors of the posterior fossa requiring complex
reconstruction involving fresh, vascularized flaps [76].

Reconstructive Methods

In addition to morbidities imposed by specific surgical ap-
proaches, reconstructive methods in EESBS, in particular the
use of the nasoseptal flap (NSF), may be associated with dis-
ruptions in QOL and pose their own unique postoperative
sequelae. While broadly acknowledged that the NSF incurs
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additional postoperative septal healing and nasal crusting, the
degree to which NSF impacts postoperative outcomes is de-
bated [17]. Though an evidence-based review suggests that
NSF usage leads to olfactory impairment and a recent report
in a very large cohort of patients undergoing EESBS suggests
that the use of a NSF is the only prognosticator of worse
sinonasal QOL, other reports fail to demonstrate a difference
between populations of patients undergoing NSF reconstruc-
tion to those without [43, 77-80]. Meanwhile, a recent report
specifically investigating NSF upper limb incision techniques
failed to demonstrate a difference in olfactory outcomes be-
tween cold knife and monopolar cautery [58¢].

Sequelae specific to NSF reconstruction include nasal
crusting, mucocele formation, septal perforation, external na-
sal deformities, septal flap necrosis, and changes in olfaction
[81¢]. Mucocele formation is thought to be secondary to in-
complete sinonasal mucosal removal at the recipient bed,
while septal perforation is likely secondary to avascular ne-
crosis. Moreover, prior surgery or a thin NSF pedicle may
increase the risk for septal flap necrosis. Perhaps the most
interesting unique morbidity of NSF usage is the occurrence
of postoperative external nasal deformities, specifically nasal
dorsum collapse. Three studies have identified this occur-
rence, including a large retrospective review with a follow-
up prospective study that included detailed facial analysis [37,
39, 82¢]. Though the mechanism of nasal dorsum collapse is
not entirely known, it may be related to surgical technique and
could potentially be avoided if additional septal mucosa along
the dorsum is preserved.

Several techniques exist to potentially minimize the asso-
ciated comorbidities of NSF usage include Silastic splinting,
donor site free mucosal grafts, the “reverse flap” technique, or
xenoplastic grafting [83—86]. The use of an endonasal sheath
during EESBS may also help to limit the amount of intranasal
trauma to the nasal septum and other sinonasal structures typ-
ically encountered during passage of instruments repeatedly in
and out of the endonasal corridor. Though there is a varying
degree of efficacy of each of these techniques, studies specif-
ically evaluating objective sinonasal functional and the QOL
implications following the employment of these strategies are
lacking.

Conclusion

There is increasing recognition of the importance of QOL
outcomes in EESBS. Though a single comprehensive QOL
instrument familiar to skull base surgeons is lacking, it is clear
that both EESBS-specific and sinonasal-focused metrics are
vital in our understanding of the QOL implications in this
ever-growing patient population. There is tremendous oppor-
tunity for future study in more diverse skull base pathologies
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beyond pituitary neoplasms, as well as novel interventions to
minimize the morbidities and QOL repercussions of EESBS.
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