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Abstract

Purpose To describe a modified technique of endoscopic orbital decompression for dysthyroid optic neuropathy non-
responsive to pulsed corticosteroids.

Methods Retrospective, interventional single centre case series included 17 consecutive patients with dysthyroid optic
neuropathy (DON) who were refractory to pulse corticosteroids. Removal of the posteromedial floor and the orbital process
of palatine bone (OPPB) was performed in addition to the endoscopic transethmoidal medial orbital wall decompression
(ETMOWD), to achieve maximal orbital apex decompression. Main outcome measures were change in visual acuity (VA),
color vision, degree of proptosis reduction, incidence of new-onset diplopia, and any complications.

Results Seventeen eyes (100%) had a statistically significant improvement in VA from 1.0 + 0.44 LogMAR to 0.0 +£0.15,
with an average improvement of 0.41 +0.30 LogMAR (p 0.05, paired #-test). Fourteen out of 16 eyes had a complete
improvement in color vision and two eyes had partial recovery. Afferent pupillary defect (76.5%) resolved in all cases.
Five out of 10 cases with preoperative visual field defects demonstrated no residual field defects following surgery.
The range of proptosis reduction was 0-5 mm (mean 2.7 + 1.3 mm). No patients with diplopia (12/17) had worsening
or developed new-onset diplopia following surgery.

Conclusion Combined removal of the posterior medial floor including the OPPB with ETMOWD may be a viable alter-

native in the surgical management of DON.

Introduction

Dysthyroid optic neuropathy (DON) occurs in 3-5% of
patients with thyroid orbitopathy, and the postulated
mechanism involves crowding of the orbital apex with
hypertrophic extraocular muscles (EOMs) and/or enlarged
retrobulbar fat tissue [1, 2]. Surgical decompression of the
orbital apex is usually reserved as an adjuvant to medical
therapy or in cases refractory to medical therapy. Tradi-
tionally, combined medial wall and inferomedial orbital
floor decompression is performed either externally or
endoscopically to relieve pressure exerted on the optic
nerve, with improvement or stabilization of visual acuity
(VA) in 89-100% of cases [3-9]. An endoscopic
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transethmoidal approach has gained popularity over the
last decade as a result of advances in direct endoscopic
visualization and instrumentation [5-8]. Modifications in
this technique were introduced in the form of preservation
of the inferomedial strut, and a periorbital sling technique
to reduce the risk of new-onset diplopia and globe dystopia
[10-12].

The orbital apex is the narrowest area of the orbit, and
the optic nerve lies in close proximity to the medial and
superior recti in the area of annulus of Zinn [13]. The orbital
process of palatine bone (OPPB) forms the posteromedial
portion of the orbital floor abutting the posterior most part
of inferomedial strut. Our technique involves removing
the OPPB, minor wing of sphenoid (MWS) and poster-
omedial floor as far as the inferior orbital fissure, along
with the medial wall of the orbit, to provide a wider
decompression of the apex (Figs. 1 and 2).

In this study, the authors describe an augmented endo-
scopic transethmoidal medial orbital wall decompression
(ETMOWD), combined with OPPB removal, and its out-
comes in a series of patients with DON.
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Fig. 1 Endoscopic view of the orbital apex of skull model highlights
the removed areas with dashed lines—minor wing of sphenoid
(yellow, near optic foramen), the orbital process of palatine bone
(red triangle), and the lateral portion of posterosuperior aspect of
posterior maxillary sinus wall (pink).

Fig. 2 Transilluminated orbital floor and medial orbital wall show the
thick areas in the orbital apex represented by OPPB (bold arrow) and
MWS (smaller arrow); M medial orbital wall; L lateral orbital wall;
F floor of the orbit

Methods

All consecutive patients managed by a single surgeon
between 2011 and 2018, who underwent endoscopic orbital
apex decompression for DON refractory to corticosteroid
therapy were recruited. The study adhered to tenets of the
declaration of Helsinki and was approved by the hospital’s
ethics committees. All surgical procedures were performed
by a single surgeon (DS) or his fellows under supervision.
Written consent was obtained from all patients before the
surgery in accordance with the institution’s policies.
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Included patients had Graves ophthalmopathy with
DON (based on the EUGOGO classification), which was
defined as reduced VA with or without dyschromatopsia
(on Ishihara color plates), and evidence of orbital apex
crowding on computed tomography (CT) or optic disc
edema, or an afferent pupillary defect. Optic nerve dys-
function alone was responsible for the reduced vision
(excluding glaucomatous optic neuropathy, diabetic macu-
lopathy, and exposure keratopathy). Non-responsiveness
to or deterioration despite corticosteroid therapy, was
defined as an optic neuropathy persisting despite three
consecutive days of 1000 mg of intravenous methylpredni-
solone followed by 500 mg weekly therapy for 6 weeks
and another weekly therapy with 250 mg for 6 weeks. All
patients underwent CT of orbits and sinuses. Navigation
guidance was used as a teaching aid in cases where a fellow
was one of the surgeons.

Clinical data including patients’ demographics (gender,
age at the time of surgery), past medical history, including
previous treatment (thyroidectomy, radioactive iodine,
thyroid status), details of complete ophthalmologic exam-
ination (best corrected visual acuity (BCVA), pupillary
responses, color vision, optic disc findings), extraocular
motility, diplopia scoring (Gorman’s score), visual fields,
length of follow-up, and nasal endoscopy findings (septal
deviation, sinusitis) were recorded. Degree of proptosis
was assessed using Hertel’s exophthalmometry, and
visual fields were conducted using 30-2 SITA-standard
threshold strategy. Assessed preoperative and postoperative
parameters included amount of proptosis, BCVA, degree
of diplopia, any new-onset diplopia, motility disturbances,
and visual field changes. Any intraoperative and post-
operative complications were also recorded. Patients
were reviewed at 2 weeks, 3 months, and 6-monthly
thereafter. Exclusion criteria included, patients with
less than 6 months of follow-up and patients in whom
lateral wall or external floor decompression was also
performed.

Surgical technique
The technique is described below.
Positioning and anesthesia

The procedure was carried out under total intravenous
anesthesia with controlled hypotension. Nasal vasocon-
striction and decongestion were achieved using co-
phenylcaine (5% lignocaine/0.5% phenylephrine) saturated
cottonoid pledgets and mucosal injections of 1% lidocaine
(1:100,000 epinephrine). The head is positioned in slight
extension and turned towards the operating side.
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Nasal phase

A combination of 0° and 30° rigid endoscopes (18 cm
length, 4 mm diameter, Karl Storz®, Tuttlingen, Germany)
were used. Where necessary, a septoplasty and/or middle
turbinectomy was performed for access. A swing-door
uncinectomy was performed enabling visualization of the
natural ostium of the maxillary sinus. The ostium was
enlarged using a through biting Blakesley forceps to the
posterior maxillary wall and superiorly to the floor of the
orbit. A standard anterior and posterior ethmoidectomy and
sphenoidotomy was then performed to expose the lamina
papyracea and the MWS [6, 7]. The sphenoidotomy was
extended laterally to the lateral wall of the sphenoid sinus.

The posterior medial floor of the orbit was removed to
the posterior wall of the maxillary sinus with a combination
of drilling and downfracture with an angled curette (e.g.,
mastoid curette or 90° frontal curette).

The MWS was then drilled to expose the medial apex
and entrance to the optic canal. This was done with an
irrigating diamond burr (either 20° 2.5 mm DCR burr or
skull base diamond burr (Medtronic Inc, Jacksonville, FL,
USA)). Drilling was performed in short bursts with irriga-
tion at 15 ml/min in an attempt to minimize the risk of optic
nerve injury. The sphenoid bone inferomedial to the optic
canal entrance was also drilled until the OPPB is reached
at the posterosuperior aspect of the posterior maxillary
wall (Fig. 3). The OPPB was then drilled remaining above
the level of the sphenopalatine foramen. The maxillary
bone of the floor lateral to the OPPB was removed with a
combination of drilling and rongeurs until the junction

Fig. 3 Intraoperative endoscopic view showing the decompressed
orbital apex (white curvilinear line) with drilled OPPB (marked with
an arrow), the exposed periorbita along the medial wall (marked with
an asterisk) and the opened up sphenoid sinus (marked with a small
asterisk)

of the posterior and lateral wall of the maxillary sinus was
reached. This exposed ~5 mm of periosteum overlying the
anterior pterygopalatine fossa as the bone at the junction of
the posterior maxillary sinus wall and floor was removed.
At the conclusion of this apical bone removal, ~140-160°
of the periorbita overlying the orbital apex is exposed.

The lamina overlying the medial periorbita was elevated
and removed with a combination of a Freer’s elevator,
microcurette, and Blakesley forceps. The amount of peri-
orbita exposed was titrated to the amount of proptosis
present. In selected cases with no proptosis and in an
effort to maintain some symmetry, only the posterior half
of the medial wall was removed.

The periorbita was incised with a combination of a
sickle knife, cataract side port blade, or spear knife starting
just anterior to the annulus of Zinn and extending anteriorly.
The first incision was made in the inferior periorbita,
allowing prolapse of orbital fat into the posterior maxillary
sinus and then two incisions were made in the medial
periorbita. The periobita of the medial wall was removed
and a periorbital sling was not retained. A pediatric ball
probe was used to encourage prolapse of orbital fat into the
sinus. If additional proptosis reduction was required fol-
lowing maximal bone removal endonasally then orbital
fat was removed with a manual suction cutter or laryngeal
skimmer blade [14]. Routine postoperative care in the
form of saline spray and oral antibiotics was commenced.
Figures 1-3 highlight the areas decompressed using this
technique.

Results

A total of 17 patients (6 male and 11 female) (17 orbits)
were included in this study. The mean age of the patients
was 69 years (range, 43—80 years). Two patients (12%) had
a history of previous thyroidectomy and one patient (6%)
had undergone prior radioablative iodine treatment. Four
patients (24%) had received radiotherapy and two (12%)
were treated with Rituximab immunotherapy for DON.
Three patients out of 17 had bilateral DON at presentation
and all had one eye that did not respond to medical treat-
ment and proceeded to decompression. One patient devel-
oped sequential optic neuropathy in the other eye 2 months
after contralateral orbital decompression. The average
length of follow-up was 12 months (range, 6—40 months).

Three patients required septoplasty for deviated nasal
septum and middle turbinectomy was performed for concha
bullosa in three patients. Endonasal fat decompression was
performed only in one patient in order to attain symmetry
with the contralateral orbit. The average surgical time was
120 min (SD, 54 min), and ranged from 48 to 210 min.
Cases operated by fellows under supervision took double
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the surgical time when compared to consultant alone
(average 2.8 h versus 1.4h). The median duration of hos-
pital admission was one overnight stay; 5 of 17 patients
stayed longer (3 days) due to associated comorbidities or
social reasons.

Baseline characteristics are listed in Table 1. Pre-
operative assessment revealed mean BCVA of 1.0+0.44
LogMAR (range, 0.2-1.8) in 17 eyes (Table 2). At the final
review, the mean BCVA improved to 0.0+0.15 (range,
0.2-1.2), with an average improvement of 0.41+0.30
LogMAR (p 0.05, paired r-test). All cases except one
(one line improvement) showed an improvement in BCVA
of at least two lines (LogMAR). Dyschromatopsia was
noted in 94.1% (16/17) eyes and 76.5% (13/17) of eyes
had a relative afferent pupillary defect preoperatively. Color

Table 1 Patient demographic and clinical data

Variable Values

Mean age (range) 69 years (43-80 years)

Male:Female 6:11
Follow-up period (months) 12 (6-40)
Dyschromatopsia 94.1%
Relative afferent pupillary defect 76.5%
Visual acuity (logMAR)
Preoperative 1.0+0.44
Postoperative 0.0+0.15

Table 2 Results after augmented decompression of the orbital apex

Operated eye Pre-op VA Post-op VA Pre-op
color vision

Post-op
color vision

80/R 0.50 0.2 4/15 15/15
T7/L 1.80 0.6 1/17 m1n1

65/R 0.30 0.2 1/17 16/17
62/R 0.20 0 11717 15/15
62/L 0.20 0 16/17 15/15
169/L 0.30 0.2 4/15 8/15

60/R 0.60 0 15/15 15/15
61/L 1 0.2 0/15 15/15
68/R 0.8 0.2 11/15 14/15
71/R 0.50 0.1 6/15 15/15
71/L 0.2 0 4/15 14/15
54/L 0.5 0 3/17 16/17
58/R 0.2 0.1 7/15 11/15
43/L 0.3 0 9/15 15/15
50/R 0.5 0.1 9/15 15/15
60/R 0.6 0 11/15 15/15
60/L 0.6 0.1 12/15 15/15

R right; L left; VA visual acuity in LogMAR
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vision improved in all 16 eyes and all patients had resolu-
tion of the afferent pupillary defect at the final review.
Twelve patients (71%) had preoperative visual fields
testing, with ten (59%) demonstrating visual field defects.
Five of these cases (50%) showed resolution of the visual
field defect following orbital decompression.

A crowded apex on CT was noted in all 17 cases. Pre-
operative exophthalmometry was 21+10.9mm (left-
skewed values) and ranged from 16 to 26 mm with only
four patients having preoperative exophthalmometry of less
than 20 mm. At the final review, the mean globe position
as measured by exophthalmometry was 18+ 8.4 mm
(14-21 mm). The mean proptosis reduction achieved was
2.7+1.3mm (median, 3 mm; range, 0—5 mm). Only one
patient with 16 mm exophthalmometry had no change in
Hertel’s reading postoperatively but had an improvement
of 1.2 LogMAR in VA.

Clinical activity score was less than four in six patients,
with a mean value of 4 (range, 1-7). Diplopia was pre-
existing in 12 patients (70.5%; mean Gorman score of 2),
of whom five had diplopia resolution after subsequent
muscle surgery. One patient with gaze-evoked diplopia
had complete diplopia resolution after decompression alone.
No patients developed new-onset diplopia after surgery.
Complications such as postoperative hemorrhage, visual
loss, cerebrospinal fluid leak, and sinusitis were not
encountered in any of the patients.

Discussion

Techniques for orbital decompression in thyroid orbito-
pathy have evolved over the past two decades since the
original description by Kennedy et al. in 1990. Approa-
ches used for apical decompression include transantral,
transcutaneous, transconjunctival, transcaruncular, and
endoscopic transethmoidal approaches for medial wall
with inferomedial floor removal [15-22]. In the present
study, bone removed during ETMOWD included the
medial wall of the orbit and the posteromedial portion
of the orbital floor including the OPPB up to the medial
edge of the inferior orbital fissure.

The rationale for this technique is to achieve the
maximum possible degree of apical decompression for
patients with DON who have crowding at the orbital apex.
Removal of the MWS plus additional removal of the
OPPB and the bone inferior to the apex provides an
estimated 140-160° of apical decompression. In the
standard endoscopic technique, the posterior limit of
decompression lies at the MWS within 2 mm of sphenoid
face medially, and the posterior wall of the maxillary
sinus inferiorly [7]. The bone below the apex representing
the posterosuperior edge of the posterior maxillary wall is
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often left intact. The annulus of Zinn lies approximately
within 2 mm of face of the sphenoid sinus [23]. Enlarged
EOMs exert pressure on the optic nerve in the anterior
part of the orbital apex within the intraconal space. We
believe that decompression in this area provides an added
anatomical space for the expansion of enlarged medial and
inferior recti, thereby relieving pressure being exerted on
the optic nerve. The OPPB forms the posterior most part
of the orbital floor along with the maxillary bone. Mor-
phometric analysis of the OPPB by Mueller et al. [24]
demonstrated an increase in dissection volume of 0.36 +
0.42cm® after the OPPB removal. Access to the OPPB
can be attained via both transconjunctival and transnasal
routes. The OPPB can be removed with the bone rongeurs
while decompressing via transcaruncular or transcon-
junctival swinging eyelid approach. Due to its thickness,
we found removal of the OPPB required powered
instrumentation in all cases. One can encounter a pneu-
matised OPPB during its removal, although its exact
prevalence is not known. The optic canal was not
decompressed in any of the cases. A few authors in the
past have decompressed the optic canal and incised the
nerve sheath as well, however the added risks and benefits
are inconclusive [22].

Michel et al. [6] reported the initial outcomes of trans-
nasal decompression in a large series of 145 orbits. Out of
145 orbits, 78 eyes had DON and subsequent decompres-
sion resulted in a mean reduction in proptosis of 3.94 mm,
but ocular motility imbalance increased from 53.7% to
81.2%. Thereafter, some surgeons modified their technique
to preserve the inferomedial, but the rate of new-onset
diplopia remained 5-33% [7, 10, 15, 18, 20]. Selective
removal of the medial orbital wall alone in a series of five
patients with DON resulted in mean reduction in proptosis
of 3.1 mm and visual recovery in all but one patient [20].
Our technique differs in terms of sphenoidotomy and
removal of the MWS, which was not performed in any of
their cases. Schafer et al. [8] performed a sphenoidotomy
and removal of the medial wall of the sphenoid sinus
anterior to the internal carotid artery in addition to the
routine inferomedial orbital decompression. They reported
an improvement in VA of more than two lines in 89%
patients (25/28 eyes) with DON. The mean proptosis
reduction was 3.6 mm, and five patients had new-onset
diplopia. However, our technique differs in terms of
decompression of the inferior portion of the orbital apex as
well. The OPPB and the posterosuperior aspect of the
maxillary sinus was left intact in their series. We did not
encounter any new-onset diplopia in our patients. Sowerby
and associates recently reported substantial improvement in
Snellen VA following urgent endoscopic orbital decom-
pression in seven patients (three bilateral) with DON
unresponsive to corticosteroid therapy [25]. No cases of

new-onset diplopia were encountered in their series. The
posterior extent of decompression in their series was
described as up to the annulus of Zinn. Our technique dif-
fers in terms of the additional removal of the OPPB.

The mean improvement in VA in this study was 0.41
LogMAR units, which is comparable to that reported in
other studies (0.25-0.55) [6-8, 12, 15, 17, 19]. Sixteen
out of 17 eyes (94.1%) showed an improvement of more
than or equal to two lines of VA on LogMAR testing. In
terms of decompression effect, the mean reduction in
proptosis was 2.7 mm with a maximum of 5.1 mm. Most
cases with DON do not have a large amount of proptosis,
hence the extent of the orbital floor or fat decompression
can be tailored in each case. Fat decompression was
performed only in one case in our cohort to achieve
symmetry with the contralateral side. Visual outcomes
reported in this study serve the aim of decompression
surgery in DON. Out of 17 patients, 13 had a preoperative
RAPD, which resolved after decompression. Being a
teaching institute, some of the cases had fellows as an
operating surgeon as well, which may be responsible for
the large variation in the duration of surgery.

The extent of apical decompression performed in the
current technique might not be necessary in every case of
DON. Considering the different techniques being reported
in literature with good outcomes in terms of VA, decom-
pression in DON cases can be graded according to the
degree of apical crowding and/or vision loss [2]. We add the
possibility of decompressing the additional areas (OPPB,
MWS) with good outcomes and minimal complications.
Future clinical and radiological studies employing this
technique in a larger number of cases will give us better
insight regarding its efficacy. Enhanced visualization of the
orbital apex and the increased extent of bony removal in the
area of orbital apex are the advantages of this technique.
Potential risks include injury to the optic canal, or inad-
vertent entry into the pterygopalatine fossa, hence we
advocate careful drilling with continuous irrigation in the
vicinity of these areas.

In conclusion, we describe an augmented decompression
of the orbital apex, by removal of the medial orbital wall,
the MWS, the OPPB, and the floor under the apex to the
inferior orbital fissure, as an alternative technique in the
surgical management of DON.

Summary

What was known before

e Endoscopic technique of orbital decompression in DON
involves removal of the medial wall of the orbit.

e The extent of apical decompression can be increased

by performing sphenoidotomy in severe cases.

SPRINGER NATURE
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What this study adds

e Augmented apical decompression can be achieved by
removing MWS and OPPB endoscopically in DON
patients.

e No cases of new-onset diplopia were observed with this
technique.
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