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Abstract Background A nasal access guide (NAG) for endoscopic endonasal approaches (EEAs)
to the skull-base has been developed and approved for clinical use but its utility has not
been formally investigated.

Objective The study aims to assess the effect of a NAG on endoscopic visualization
during cadaveric dissection and to perform a workflow analysis with process-based
performance measures in the operating room and their effect on clinical outcomes.
Methods Skull-base course participants were observed during hands-on cadaveric
dissection with and without NAG. Instances of endoscope withdrawal for lens cleaning
and inadequate visualization due to lens soiling were tabulated. Participants complet-
ed a Likert-scale survey examining the NAG utility and provided an overall grading.
Surgical workflow and process-based performance on patients undergoing EEA to the
skull-base was analyzed. Passage of powered and dissecting instruments, removal of
endoscopes for cleaning, and dislodgment or migration of the device were reviewed.
Postoperative assessments included mucosal trauma and synechiae formation.
Results Instances of endoscope soiling and manual cleaning were significantly
reduced by 40% and 61% with the NAG during cadaveric dissection. The overall grading
of the device was 2.75/3. Surgical workflow was observed in 35 patients. Average
number of passes of endoscopes, instruments, and powered tools during a 10-minute

Keywords observation period were 3,17, and 5 during the surgical approach, and 3, 18, and 1

= Endoscopic during tumor dissection. Dislodgement of the device occurred in 25.7% and migration
Endonasal Approach  of the device in 2.8% of cases. Postoperative synechiae, exposed cartilage or septal

= lens cleaning perforation was not observed in follow up.

= endoscopic Conclusion NAG can significantly reduce inadequate visualization during EEA to the
visualization skull-base and has the potential to reduce instances of nasal trauma. Participants

= skull base surgery assessed its overall utility as being “excellent.”
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Introduction

With the advent of endoscopic endonasal approaches (EEAs)
to the skull base, devices have emerged to assist with
maintaining adequate endoscopic visualization. Soiling of
the endoscope lens may disrupt the flow of the operation’
and may result in technical errors or misjudgment, poten-
tially causing patient injury.?> In addition, disturbances may
lengthen the procedure time and may increase treatment
costs, essentially decreasing surgical efficiency.*>

The most notable innovation serving this purpose has been
the endoscope lens cleaning sheath.® In our experience, while
this device aids in visualization, it has some shortcomings and
itis not a complete solution for EEA skull base cases. Examples
of such systems are InstaClear (Olympus, California, United
States) and Endo-Scrub (Medtronic, Dublin, Ireland) lens
cleaning sheaths.”® The hollow sheath adds an irrigation
port to the distal end of the endoscope that allows for in situ
cleansing. The washing liquid, generally saline or distilled
water, flows through the irrigation channel along the endo-
scope lens. The current iteration of this device (Endo-Scrub)
adds 0.7 mm to the diameter of the endoscope when placed
which may increase the likelihood of collateral damage to
surrounding structures and restricts the working space for
other instruments. In our opinion, another relative disadvan-
tage of the lens cleaning sheath compared with manual
irrigation is that it does not offer the added function of clearing
debris and blood in the surgical field, especially while drilling.

A nasal access guide (NAG) has been recently developed by
SPIWay, LLC (California, United States); the device was
approved by the Food and Drug Administration (FDA) for
clinical use since February 2018 and has been used in our
institution since March 2018 (=Fig. 1). The NAG is an anatom-
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Fig. 1 Nasal access guide. The waist of the nasal access guide seats at the
nasal vestibule and the widened, flared end is situated between the nasal
septum and turbinates. The material is flexible and stretches to accom-
modate movement of instruments without perceptible friction.

ically shaped, stretchable, watertight stent that is placed in the
bilateral nares. It seats at the nasal vestibule with a conical
funnel to protect the external nares and provides a working
corridor to the posterior nasal cavity. It was designed to
minimize iatrogenic trauma to surrounding mucosa and
structures, reduce instances of inadequate visualization
caused by obscuration of the endoscope lens, lessen the run-
in of blood into the surgical field, and allow for more facile
passage of instruments. These features make it particularly
well-suited for EEA cases involving the skull base. We believe
that this NAG provides visualization maintenance with added
functionality. In addition, the guide can be used with lens
cleaning sheaths if so desired. This device has not yet been
formally investigated. In this study, we examine its utility in
the setting of two cadaveric dissection EEA courses and
performed a subsequent analysis of workflow and process-
based performance measures in the operating room and their
effect on clinical outcomes.

Methods

Neurosurgeons and otolaryngologists of various experience
levels (residents, fellows, and attending physicians) attended
two cadaveric dissection courses on EEA to the skull base in
August and December of 2018. Dissection stations consisting
of a two-surgeon team and one cadaver head were observed
for 5 minutes with the NAG in place and 5 minutes without it
during the same proctored dissection (transclival or trans-
sellar dissections). Observation did not commence until
completion of bilateral sphenoidotomies and posterior sep-
tectomy. For both conditions (with and without the NAG),
independent reviewers tabulated the number of instances
the endoscope was withdrawn for lens cleaning and when
there was inadequate visualization on the monitor due to
soiling of the endoscope lens.

Toward the end of the course, after all participants had
trialed the NAG, participants were asked to complete a Likert-
scale survey examining nine dimensions of the NAG's utility
and assign an overall grading of the device’s utility (~Table 1).
Each dimension was rated as: “excellent” (3 points), “accept-
able” (2 points), or “suboptimal” (1 point), for a maximum of
27 points. The overall grading was assessed with the same scale
for a maximum of 3 points. The survey also elicited specialty
(neurosurgery or otolaryngology) and experience level (resi-
dent, fellow, or attending physician) of the participant.

To examine the impact of anatomical variations on utility of
the NAG during dissection, predissection computed tomogra-
phy scans of the cadaver heads were reviewed for the follow-
ing: presence of Onodi cell, concha bullosa, caudal septum
deviation, narrow nasal vestibule, and sellar pneumatization.
Judgments regarding “narrow nasal vestibule” and “septal
deviation” were subjective. However, these determinations
were blinded to any results of the study. These findings were
correlated with survey and observation findings.

Surgical workflow and process-based performance on 35
patients undergoing transsellar/suprasellar EEA to the skull
base was analyzed (IRB approval-STUDY19070177). Indepen-
dent observation at the time of surgery for 10 minutes during
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Table 1 Post-use survey of nasal access guide completed by course participants

3

2

1

Attribute

“Excellent”

“Acceptable”

“Suboptimal”

Ease of deployment

Access guide easily folded,
deployed, and unfurled.

Access guide folded, deployed,
and unfurled with moderate
effort.

Cannot fold, deploy, or unfurl ac-
cess guide.

Scope and instrument
movement/friction

Negligible friction between ac
cess guide and surgical tools (i.e.,
endoscope and instruments) dur-
ing maneuvers.

Moderate friction between access
guide and surgical tools (i.e., en-
doscope and instruments) during
maneuvers.

Friction inhibits use of surgical
tools (i.e., endoscope and instru-
ments) with access guide.

Flex/Stretch ability

Access guide requires negligible
additional force to stretch with
nares, does not hinder tool
maneuvers.

Access guide requires moderate
force to stretch with nares slightly
hindering tool maneuvers.

Access guide does not stretch
with nares, completely hindering
desired tool maneuvers.

Length of nasal
access guide

Length of access guide was the
right length to bypass structures
and provide a working corridor
without obstructing view.

Length of access guide was okay.
The length to bypass structures
and provide a working corridor
without obstructing view could be
improved.

Length of access guide must be
improved. It did not allow me to
effectively bypass structures and
provide a working corridor with-
out obstructing view.

Migration resistance

Access guide does not migrate
during all maneuvers with surgical
tools.

Access guide migrates moderate-
ly during high-load maneuvers
with surgical tools.

Access guide migrates signifi-
cantly during all maneuvers with
surgical tools.

Effect on manual
endoscope lens
cleaning

Access guide significantly reduced
need to withdraw scope for man-
ual cleaning.

Access guide somewhat helped to
reduce need to withdraw scope
for manual cleaning.

Access guide made no difference
in or increased need to withdraw
scope for manual cleaning.

Effect on lens-camera/
monitor visualization

Access guide significantly reduced
frequency of lens smudging ob-
scuring adequate visualization.

Access guide somewhat reduced
frequency of lens smudging ob-
scuring adequate visualization.

Access guide made no difference
in or increased frequency of lens
smudging obscuring adequate
visualization.

Protection of collateral
structures

Access guide significantly helped
to reduce inadvertent trauma to
surrounding mucosa and
structures.

Access guide somewhat helped to
reduce inadvertent trauma to
surrounding mucosa and
structures.

Access guide made no difference
in or increased inadvertent trau-
ma to surrounding mucosa and
structures.

Post use condition

No damage or deformation to the
access guide.

Moderate damage or deformation
to the access guide.

Any material tears or complete
detachment from access guide.

Overall performance

Access guide was easy to use and
provided significant utility, im-
proved performance during
maneuvers.

Access guide was somewhat easy
to use and provided some utility,
somewhat improved perfor-
mance during maneuvers.

Access guide was difficult to use
and/ or did not provide any utility,
more trouble to use than not to

use.

Note: Participants were instructed to circle or mark the box indicative of their assessment. Cumulative scores were tabulated, for a possible point

total of 27 for the survey and 3 for the overall assessment.

surgical approach and 10 minutes during tumor resection
with the NAG in place was performed (=Fig. 2). For both
observation times (during surgical approach and resection),
the independent reviewer tabulated the number of passes of
endoscope, instances the endoscope was withdrawn for lens
cleaning, passes of dissecting instruments and suctions, and
passes of powered instrumentation. Additionally, the reviewer
recorded instances when the NAG was damaged or dislodged.
The use of packing depended on the presence of an intra-
operative cerebrospinal fluid leak and the type of reconstruc-
tion. Silastic Doyle septal splints were placed in all patients.
Packing and splints were removed at a maximum of 7 days.
Minimal debridement was performed at that time.
Patients were followed 2 weeks postoperatively and evaluated
for any mucosal trauma or intranasal synechia formation. Any
scarring that was observed at 2 weeks would be due to mucosal
trauma that occurred during surgery and was not prevented by
the packing or splints.

Mann-Whitney U and Kruskal-Wallis H tests were used to
compare survey results between groups. Wilcoxon’s Rank-
Sum test was used to compare observational findings between
use and nonuse of the NAG during dissection and surgery. All
analyses were obtained by PSAW Statistics, release version
20.0 (SPSS Inc, Chicago, Illinois, United States), and a two-sided
p-value < 0.05 was considered statistically significant. Addi-
tionally, to avoid conflicts of interest during the study, author
E.W.W. was the principal investigator for the IRB submission
and oversaw all aspects of the study.

Results

Cadaveric Dissection Data

Atotal of 61 out of 70 course participants fully completed the
survey and were observed during dissection of fresh frozen
cadavers with and without the NAG. A total of 35 dissection
stations were observed. Each station had two participants
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Fig. 2 Device insertion (left) and nasal access guide deployed (right).'®

Table 2 Characteristics of survey takers and survey results

Characteristics Respondents Overall grading Survey score p-Value of survey
% (N) of device (4 SD) of device (4 SD) score comparison
Specialty 0.586
Otolaryngology 42.6 (26) 2.65 (0.49) 22.88 (2.89)
Neurosurgery 57.4 (35) 2.77 (0.43) 23.40 (2.53)
Experience level 0.677
Trainee (resident/fellow) 37.7 (23) 2.79 (0.43) 23.36 (2.56)
Attending 62.3 (38) 2.68 (0.47) 23.16 (2.68)

Abbreviation: SD, standard deviation.

Note: Total possible points of device overall grade is 3 (3, “excellent,” 1, “

with one serving as the endoscopist and the other as the
dissector. 42.6% of participants were otolaryngologists and
57.4% were neurosurgeons (=Table 2). Of those participants
indicating their experience level (n =61), 37.7% were train-
ees (residents/fellows) and 62.3% were attending physicians.

During transsellar or transclival dissections, the mean
instances of endoscope lens soiling was significantly reduced
by 39.9% while the NAG was in place compared with its
absence (3.43 vs. 2.06; p<0.001) (~Table 3). The mean
instances of manual endoscope lens cleaning were reduced
by 61.0% (1.46 vs. 0.57; p = 0.001). On analysis of the effect of
anatomical abnormalities on observational findings, only cau-
dal septum deviation had significant bearing. When this was
present, the mean instances of endoscope leans soiling signifi-
cantly increased (3.64 vs. 1.94; p =0.007) (~Table 3). When
the NAG was used in heads with a caudal septum deviation, the
mean instances of endoscope lens soiling with the NAG in place
were significantly reduced (1.45 vs. 2.82; p = 0.036).

The mean survey score was 23.33 (out of 27 possible;
SD =+ 2.64). Scores were not significantly affected by specialty
or experience level. The mean overall grading of the NAG on a
scale of 3 (1= “suboptimal,” 3 =" excellent”) was 2.75.

Surgical Workflow and Process-Based Performance Data
Thirty-five study subjects were included with 19 female and
16 male patients. Mean age was 53 years at the time of

suboptimal”). Total possible points of device Survey score is 27.

surgery. Diagnoses included 24 patients (67.6%) with pitui-
tary adenoma, four patients (11.5%) with craniopharyng-
ioma, three patients (8.7%) with meningioma, three patients
(8.7%) with Rathke’s cleft cyst, and one patient (3.5%) with
chordoma. Thirty-two patients underwent primary surgery
and three patients had revision surgery. Average duration of
surgery was 4.1 hours. Seventeen (48.5%) patients had septal
deviation and nine (25.7%) required concurrent septoplasty.
Rate of nasoseptal flap reconstruction was 71.4%; 72% of
these patients also underwent a reverse septal flap for
coverage of the septal donor site. The NAG was deployed
before sphenoidotomy in 24 patients (70.3%) and after
sphenoidotomy in 11 cases (29.7%). Powered instrumenta-
tion (drill) was used in all cases. Both surgeons were right-
handed, standing on the right side of the patient.

During a 10-minute observation period, the average
number of passes of endoscopes, dissecting instruments,
and powered tools was three, 17, and five during the surgical
approach, and three, 18, and one during tumor dissection,
respectively. Most passes occurred in the patient’s left (non-
visualized) nostril (87%). Average number of irrigations to
clean the endoscope was nine during surgical approach and
three during tumor resection.

Minor damage of the NAG on the side of drilling was
occasionally observed but did not interfere with use in ten
patients (28.5%); dislodgement of the device occurred in nine

Journal of Neurological Surgery—Part B Vol. 82 No. B5/2021 © 2020. Thieme. All rights reserved.

543

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



544 Utility of Nasal Access Guide in Skull Base Surgery Velasquez et al.

Table 3 Objective assessment of endonasal endoscopic dissection with and without nasal access guide

Mean instances of endoscope p-Value Mean instances of manual p-Value
lens obscuration (£ SD) endoscope lens cleaning (£ SD)

Nasal access guide
With device 2.06 (1.73) <0.001 0.57 (0.74) 0.001
Without device 3.43 (2.42) 1.46 (1.54)

Anatomical anomalies

Onodi cells 0.434 0.748
Yes 3.25 (2.60) 0.92 (0.90)
No 2.62 (2.20) 1.04 (1.44)

Concha bullosa 0.146 0.959
Yes 3.35 (2.50) 0.95 (1.10)
No 2.44 (2.12) 1.05 (1.47)

Caudal septum deviation 0.007 0.176
Yes 3.64 (2.59) 1.32 (1.59)
No 1.94 (1.61) 0.74 (1.03)

Narrow nasal vestibule 0.230 0.741
Yes 3.75 (2.92) 1.00 (1.07)
No

Sellar configuration 0.146 0.668
Conchal N/A N/A
Sellar 2.64 (2.34) 1.02 (1.39)
Presellar 3.67 (1.51) 1.00 (0.89)

cases (25.7%) and migration of the device (extranasal portion
pushed into the nasal passage) occurred in one case, (2.8%).
Intraoperative mucosal trauma (septum abrasion) was
reported in four cases prior to deployment of the device
(11.4%). Instruments were easily passed through the guide;
sharp right-angle instruments were a cause for dislodgement
upon withdrawal of the instrument on the blind (left) side.
The NAG effectively prevented any additional trauma to nasal
mucosa after deployment. Postoperative synechiae, exposed
cartilage, or septal perforation was not observed at 2-week
follow-up in any patient. There were no significant differ-
ences with pathology-based subgroup analysis of studied
variables.

Discussion

Endonasal endoscopic surgery of the skull base has become
widely accepted as the preferred technique for a variety of
skull base pathology. The primary advantage of endoscopic
endonasal surgery is enhanced visualization of the surgical
field.? Poor visualization, due to soiling of the endoscope lens
or increased blood in the surgical field from mucosal trauma
interferes with precise surgery and increases the risk of
surgical error. Removal of the scope for manual cleaning of
the lens disrupts the workflow and is inefficient.® Efforts to
maintain continuous endoscopic visualization have been
primarily directed toward cleansing of the lens using irriga-
tion systems.1'4’6'”'12

In this study, we introduce the NAG, which is an anatomi-
cally shaped, stretchable, watertight stent that is placed in
the bilateral nares. It provides a conical funnel to protect the
external nares and a working corridor to the posterior nasal
cavity. The device provides a protected corridor to the
surgical field and has been designed to minimize iatrogenic
collateral damage, facilitate improved visualization, allow for
easier passage of instruments, and lessen the run-in of fluids
into the view of the surgical field with resultant overall
improvement in surgical efficiency. The NAG is easy to
deploy and accommodates a wide range of nasal apertures.
The material is flexible and stretches to accommodate move-
ment of instruments without perceptible friction.

The use of NAGs in cadaveric and live patient settings in this
study demonstrates that its use significantly reduces instances
of inadequate visualization due to soiling of the endoscope
during EEA of the skull base, especially in the presence of septal
deviation. During the cadaveric skull base course, participants
who trialed the device in cadavers rated different facets of its
utility favorably and most often, assessed its overall utility as
being “excellent.”

The effect of experience level (attending physicians vs. train-
ees) on the performance of the NAG was not objectively
assessed. Unfortunately, there were no adequate data to exam-
ine this statistically. However, this analysis would have been
complicated by the fact that some dissection stations had both
surgeons from the same specialty. It should be noted that while
experience level could have potentially been a confounding
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variable in the measured effect of the nasal sleeve, differences in
objective nasal sleeve performance measures were ascertained
by comparing participants to themselves with or without use of
the nasal sleeve. In this way, differences can nearly be complete-
ly attributed to use of the nasal sleeve. Additionally, a binarial
approach was used in both the cadaveric dissections and live
patient surgeries. However, even with a uninostril approach,
instruments fed through the ipsilateral nostril relative to the
endoscope still have the potential to cause inadvertent damage
to mucosal structures unless the endoscope is used to guide the
instrument through the nasal passage. Even on the side of the
endoscope, instruments are typically passed blindly into the
nasal cavity as the endoscope usually remains stationary near
the surgical site. We have observed that the risk of mucosal
trauma is greater in trainees who lack the “muscle memory” of
repetitive actions and misjudge the surgical trajectory. Cadav-
eric models of surgical instrument motion confirm differences
in novice and expert surgeons as shown in the study by
Harbison et al where more experienced surgeons are more
aware of the surrounding anatomy and operate with lower
overall instrument travel indicative of greater efficiency.'>

Moreover, use of NAG in a clinical setting demonstrated the
potential for prevention of collateral damage from blind
passage of instruments during EEA. In particular, during a
short observation period of 10 minutes, surgical instruments
and powered tools were passed on average 17 and 18 times
during the surgical approach and tumor dissection, respec-
tively. For a surgery that may last from 2 to 4 hours, this
translates into hundreds of passes, especially in the blinded
nasal cavity (left side for right-handed surgeons). Intraoper-
atively, unnecessary mucosal trauma increases bleeding into
the surgical field which obscures visualization of critical
structures. Postoperatively, unnecessary mucosal trauma pro-
longs healing and may result in additional crusting, synechiae,
and septal perforation. Nasal mucosalization following surgery
takes on average 2 to 4 weeks.'*'> In this study, the follow-up
period was purposely limited to 2 weeks because this is the
time when early synechia formation between turbinates and
septal tissues can be detected and treated; longer observations
may confirm mature synechia.'®

In our experience, the NAG greatly facilitates rapid passage
of instruments through the nasal cavity, increasing the effi-
ciency of surgery. It protects the nasal aperture from burn
injuries from powered instrumentation such as drills and
ultrasonic aspirators. For malignant tumors with seeding po-
tential such as chordomas, we speculate that it may decrease
the risk of tumor seeding in the nasal cavity from tumor spillage
due to our observation that tumor fragments are sometimes
dropped within the NAG as instruments are removed.'’

There were no related complications or unsatisfactory
features associated with the use of the device. Potential
limitations of this study include limited experience with
the device in the cadaveric model, short observation periods,
and lack of comparative analyses prior to and after introduc-
tion of the NAG devices. Further comparative multi-institu-
tional studies are necessary to clearly demonstrate the

clinical benefits of the NAG for visualization and prevention
of postoperative complications.

Conclusion

NAG can significantly reduce instances of inadequate visuali-
zation during EEA to the skull base and have demonstrated the
ability to reduce instances of nasal trauma. Participants who
trialed the device rated different facets of its utility favorably
and most often assessed its overall utility as being “excellent.”
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