Online

‘ Rhinology

OPEN ACCESS

Modeling microdebrider-mediated ophthalmic damage:
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Abstract

Background: The microdebrider has become nearly universal in the treatment of sinonasal pathology; however, recent case re-
ports have demonstrated the potential for major ophthalmic complications. The goal of this study was twofold: 1) determine the
anatomical proximity of ophthalmic structures to the paranasal sinuses, and 2) assess the timeframe at which ophthalmic injury
may occur with the use of a microdebrider during FESS utilizing a cadaveric model.

Methodology: Computed tomography scans from 50 patients were accessed retrospectively. The distances between the lamina
papyracea (LP) and orbital structures were determined at varying depths. Seven cadavers (14 sides) were studied using three
microdebrider systems operated by otolaryngology residents. Following removal of a window of LP, the time from activation of
the microdebrider on the periorbita until transection of the medial rectus (MR), optic nerve (ON), and to aspiration of the globe
were measured.

Results: The mean distance between the LP and MR at the level of the anterior aspect of the anterior ethmoid and basal lamella
were 3.59 + 1.2mm and 1.5 £ 0.8mm, respectively. The mean distance between the LP and ON at the level of the basal lamella
was 8.1 + 2.1mm. Mean transection times for the MR and ON were 13.4 + 7.3 seconds and 37.3 £ 9.2 seconds, respectively, with
minimum times of 4 seconds and 26 seconds.

Conclusions: The proximity of orbital structures to the paranasal sinuses and the rapidity of ophthalmic damage following viola-
tion of the periorbita reaffirms the need for cautious use of the microdebrider during FESS.

Key words: microdebrider, endoscopic sinus surgery, ophthalmic complications, cadaver, lamina papyracea

Introduction cociliary clearance through the enlargement of paranasal sinus
Chronic rhinosinusitis (CRS) is a heterogeneous disease charac- ostia and the debridement of underlying diseased mucosa in an
terized by long-term sinonasal mucosa inflammation producing effort to improve sinonasal ventilation.

symptoms of nasal congestion and drainage, facial pressure,and  Over the past two decades, powered instruments have been a

hyposmia ™. CRS is estimated to impact approximately 13% of major technological advancement in FESS . The microdebrider,
the adult US population @ and pose an annual national health which utilizes a vacuum rotatory design to precisely target and
care cost upwards of $8.6 billion dollars ©. Introduced to the US resect diseased mucosa®, has been shown to reduce intraope-
in 1985, functional endoscopic sinus surgery (FESS) represents rative blood loss and surgery duration while promoting faster
the current standard surgical intervention for CRS . Utilizing postoperative healing?”. Early in-vitro studies advocated for the

minimally invasive endoscopic techniques, FESS enhances mu- safety of microdebrider use in FESS, especially around delicate
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structures located in the paranasal sinuses ®. However, this
concept has been challenged as evidenced by numerous case
studies that have shown that, when misplaced, the indiscri-
minate aspirating function and limited tactile feedback of the
microdebrider can lead to major surgical complications @2,
The thin lamina papyracea (LP) separates orbital contents from
the lateral aspect of the ethmoidal labyrinth. If this delicate bony
plate is penetrated by the microdebrider during FESS, severe
ophthalmic complications such as retrobulbar hematoma,
enophthalmos, and blindness can occur rapidly *. Additionally,
the medial rectus (MR) and inferior rectus muscles are at an in-
creased risk of injury due to their intimacy with the LP, and injury
to these extraocular muscles can result in permanent diplopia.
Recent case reports have highlighted the potential for optic
nerve (ON) injury®™ and even enucleation!'? as potential compli-
cations of microdebrider use during FESS. While knowledge of
sinonasal anatomy, surgical experience, proper technique, and
preoperative preparation are critical to reducing the incidence
of iatrogenic injury during FESS, severe complications can occur
even in the hands of the most experienced surgeon‘,

The goal of this study was twofold: 1) retrospectively analyze
patient computed tomography (CT) imaging to determine the
anatomical proximity of ophthalmic structures to the paranasal
sinuses, and 2) assess the timeframe at which ophthalmic injury
may occur with the use of a microdebrider during FESS utilizing
a cadaveric model. To our knowledge, no previous study has
quantitatively assessed the rate of orbital structure damage
from microdebrider use in a cadaveric model. Knowledge
gained from this study will be influential in guiding endoscopic
surgical decision-making and reinforcing the necessary respect
of the use of powered instruments during sinus surgery.

Materials and Methods

CT orbital measurements

Following Institutional Review Board approval from the Uni-
versity of North Carolina, records from 50 patients seen in June
2018 with previous sinus CT imaging without contrast were
accessed retrospectively for this study. From axial plane slices,
the distance between the LP and MR at the level of the anterior
aspect of the anterior ethmoid and basal lamella were measured
for each patient (Figure 1). Additionally, the distance between
the LP and the ON was determined at the level of the basal
lamella (Figure 1). Finally, the angle between the optic nerve
and the nasal midline was determined from the angle generated
between two vectors - one vector along the nasal midline to the
tip of the nose and the other vector from the tip of the nose to
the emergence optic nerve from the globe (Figure 1).

Cadaveric dissections
All dissections occurred in conjunction with the Southern States
Rhinology Foundation course at the Medical University of South

.
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Figure 1. Axial CT measurements of the distance from the lamina papy-
racea to various orbital structures and the angle between optic nerve

and the nasal midline.

Carolina.

Seven fresh, unembalmed cadavers were obtained for experi-
mental use, for a total of 14 sides. All cadavers were positioned
supine. Fourteen otolaryngology residents ranging from PGY
2-5 from two academic institutions (University of North Carolina
and Medical University of South Carolina) were split into seven
groups of two for dissection. One resident in the group of two
dissected one side, while the other resident in the same group
dissected the other side. All residents were operating right-
handed.

Three separate microdebrider systems were used: Medtronic M5
Straightshot® with an IPC control unit, Karl Storz DrillCut-X 11®
with an UNIDRIVE® S Il ECO/ENT/NEURO motor control unit, and
the Entellus Medical Shaver System®. All microdebriders utilized
a 4 mm straight blade and were programmed to operate on os-
cillation mode with a rotational speed of 5000 rpm and 5 cc/min
of continuous irrigation and were attached identical standard
lab suction. All microdebrider motor units, handpieces, foot
pedals, and blades were donated from participating vendors for
experimental use. Each group utilized only one microdebrider
system for the entire dissection.

A complete ethmoidectomy and sphenoidotomy were perfor-
med bilaterally to expose the lamina papyracea on either side
of the cadaver. Slight pressure was then placed on the external
eye to test the integrity of the LP. Prolapse of orbital fat into

the nasal cavity was not observed in any dissection group.
Subsequently, an approximate 2 cm x 2 cm square window of
LP centered on the basal lamella was removed to expose, but
not violate, the underlying periorbita. The microdebrider blade



Distance {mm)

LP to MR at AE LP to MR at BL LPto ONatBL

Figure 2. Distance from the lamina papyracea (LP) to medial rectus (MR)
and optic nerve (ON) at depths of the anterior ethmoid (AE) and basal
lamella (BL). Shown is a box-and-whisker plot for each measurement
point. Total sides for each measurement point, N = 100. All measure-

ments reported in millimeters (mm).

tip was then placed on the periorbita and activated. Time from
activation of the microdebrider on the periorbita until complete
transection of the MR and ON, and to perforation and aspira-
tion of the globe were documented for each dissection group
(Table 1). Transection and aspiration of orbital structures were
visualized via nasal endoscopy. All times were measured using a
standard stopwatch by the senior investigator (BAS).

Results

CT measurements of orbital structure proximity to the para-
nasal sinuses

The mean distance between the LP and MR at the level of the
anterior aspect of the anterior ethmoid was determined to be
3.6 mm (S.D. 1.2mm; range 1.3-6.8 mm) (Figure 2). The mean
distance between the LP and MR at the level of the basal lamella
was 1.5 mm (S.D. 0.8mm; range 0.3-4.0 mm) (Figure 2). The mean
distance between the LP and ON at the level of the basal lamella
was 8.1 mm (S.D. 2.1Tmm; range 2.7-14.8 mm) (Figure 2). The
mean angle between the optic nerve and the nasal midline was
determined to be 33.2 degrees (S.D. 5.4 degrees; range 23-49
mm) and 33.1 degrees (S.D. 4.6 degrees; range 24-45 mm) on the
right and left sides, respectively (Figure 3).

Timeline of microdebrider-mediated ophthalmic structure
injury in a cadaveric model

The fastest time for complete transection of the MR was four
seconds utilizing an Entellus shaver system (Table 1). The fastest
time for complete transection of the ON was 26 seconds utili-
zing a Medtronic M5 Straightshot (Table 1). The mean times for
MR and ON transection were 13.4 + 7.3 seconds and 37.3 + 9.2
seconds, respectively (N = 14 sides). The globe was most rapidly
perforated and aspirated in 47 seconds with an Entellus Medical
Shaver System (Table 1). The mean time for globe perforation
and aspiration was 68.3 + 14.2 seconds (N = 14 sides).
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Figure 3. Angle between the optic nerve and the nasal midline. Shown
is a box-and-whisker plot for the right and left side measurement points.
Total sides for each measurement point, N = 50. All measurements

reported in degrees.

Discussion

We performed an anatomic study using CT scans to determine
the proximity of ophthalmic structures to the paranasal sinuses.
Additionally, we simulated the timeline of potential ophthal-
mic complications resulting from microdebrider misplacement
during FESS utilizing a cadaveric model. It is important to
realize that while the microdebrider has revolutionized endo-
scopic sinus surgery by providing real-time, precise resection of
diseased mucosa in a confined surgical field, the potential for
rapid surgical complications must be viewed as an ever-present
concern. As the microdebrider offers minimal tactile feedback in
addition to accelerated tissue resection speeds as compared to
conventional instrumentation®, the knowledge of anatomical
landmarks and proper surgical technique become ever more
critical in preventing adverse outcomes.

Retrospective CT measurements showed a mean distance from
the LP to the MR at the level of the basal lamella of just 1.5 =
0.8mm. While the mean distance from the LP to the MR incre-
ased in a posterior to anterior fashion from the level of the basal
lamella to the anterior ethmoid, a cautious approach to utilizing
the microdebrider during ethmoidectomy is paramount. Ca-
daveric dissections displayed similar results. By placing the tip
of the microdebrider on an exposed portion of periorbita, the
microdebrider was able to completely transect the MR in one
dissection group in just four seconds upon activation. Across all
14 sides, the mean time to MR transection time was comparable
at 13.4 seconds. It is therefore conceivable that a simple lapse in
concentration of the surgeon while utilizing the microdebrider
during an ethmoidectomy could lead to permanent diplopia for
a patient. This concept has been well documented in numerous
reports of iatrogenic extraocular muscle injury resulting from in-
advertent microdebrider placement during routine FESS (101516),
If ophthalmic damage is suspected intraoperatively, the surgeon
should perform the bulb press test to determine if the lamina
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Table 1. Timeline of microdebrider-mediated orbital structure injury in a cadaveric model®

Microdebrider
system
1 Medtronic 15 32
2 Karl Storz 8 51
3 Medtronic 11 43
4 Karl Storz 8 29
5 Medtronic 6 26
6 Entellus 26 42
7 Entellus 14 35
Me(ir;i;)SD 126+6.8 36.9+89

2 All data reported in seconds.

papyracea has been violated. Any prolapse of orbital fat into the
nasal cavity should be cause for immediate cessation of surgical
activity in that area.

ON injury is a rare complication of FESS due to either retrobulbar
hematoma or direct insult "“'”, Retrospective CT measurements
showed a mean distance of just 8.1 + 2.1mm from the LP to the
ON at the level of the basal lamella. While the fastest and mean
ON transection times across all seven dissection groups were
26 seconds and 37.3 + 9.2 seconds, respectively, these data
reinforce a similar cautious reminder of the rapidity of orbital da-
mage following violation of the LP. If the periorbita is breached,
a combination of surgical inexperience in addition to accelera-
ted tissue resection speeds and limited tactile feedback offered
by the microdebrider can make prompt detection of adverse
complications difficult. Thus, continuous vigilance during tissue
resection must remain a preeminent concern.

Finally, globe perforation and aspiration times were measured
as to outline the timeline for enucleation as a potential surgical
complication of microdebrider use, as evidenced by a recently
published case report 2, With one dissection group achieving
complete enucleation in less than one minute (47 seconds), the
capabilities of the microdebrider and powered instruments, as

a whole, must be appreciated and respected. With the expan-
sion in the customization of blade configurations, rotational
velocity, and aspiration speeds, microdebriders have been
continually expanding their role over the previous years. As
microdebrider-meditated tissue resection efficacy increases,
the balance between expanded functionality and the increased
incidence of adverse outcomes will consequently become ever
narrower. Additionally, as the scope of endoscopic sinus surgery
continues to expand into office-based procedures, the risk of
severe surgical complications from microdebrider use must be
reevaluated to ensure patient safety in the setting of the clinic.
While preliminary safety studies of the newly introduced clinic-
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oriented, vacuum-powered microdebrider have been promising
1819 the incidences of severe complications associated with its
use have not been fully elucidated due to the limited time frame
of analysis of these studies.

While the timeline for other potential ophthalmic complications
such as orbital subcutaneous emphysema, nasolacrimal duct
injury, periorbital ecchymosis, inferior rectus muscle injury, and
enopthalamos were not measured in the cadaveric portion of
this study, the severity of these adverse outcomes must also be
appreciated. Notably, retrobulbar hematoma from injury to the
anterior ethmoid artery, via the microdebrider, and subsequent
retraction into the orbit has been illustrated in numerous case
reports 142021, Due to the confined compartment of the orbit,
an acute increase in volume can lead to the rapid build-up of
intraocular pressure and progressive ophthalmic complications.
Additionally, as the superior oblique muscle is often located

in close proximity, attempts to ligate the retracted anterior
ethmoid artery can result in permanent diplopia. If intraocular
pressure rises above 40 mmHg ©", an immediate lateral cantho-
tomy and cantholysis to decompress the orbit and consultation
with an ophthalmologist are indicated.

While our preliminary analyses showed that, on average, right-
sided microdebrider-mediated ophthalmic injury occurred more
rapidly than left-sided ophthalmic injury, when utilizing only
right-handed residents, the magnitude of the differences in
Table 1 did not align with the traditional teaching and literature
@2, One explanation is that due to the limited sample size of the
study, we were not able to properly assess this observation and
prove statistical significance. Future studies with appropriate
power investigating this trend would be a potential fruitful
avenue to pursue, as rigorously designed experiments investi-
gating the rate of injury on side of approach in both right- and
left-handed surgeons are lacking. Additionally, future powered
studies that expanded on the investigation between the brand



of microdebrider used and rate of ophthalmic structure injury
would be another potentially insightful avenue to pursue. A
potential limitation of this study is that utilizing otolaryngology
residents at various levels of training, with subsequent dif-
ferences in microdebrider operational experience, could help
to explain some of the discrepancies seen in Table 1. Additio-
nally, anatomical differences in the thickness of the periorbita
and associated tissue of the cadavers cannot be discounted as
potentially cofounding elements in the data analysis. However,
we believe that the simplistic and regimented study design pre-
cludes differences in tissue resection speeds based on surgical
experience from emerging. Future studies may be warranted

in order to more rigorously outline the extent and timeline of
ophthalmic complications from microdebrider use in order to
guide endoscopic surgical decision-making in both the hospital
and clinical domains.
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