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1. Abstract
Thyroid Associated Ophthalmopathy (TAO) is a progressive and 
debilitating autoimmune disorder. Some patients would suffer ex-
pansion of extraocular muscles and orbital fat causing proptosis and 
diplopia, and compressive optic neuropathy causing vision loss. 
However, management for these severe cases remains a dilemma. 
Because it is difficult for traditional surgeries to simultaneously 
broaden orbital space, relieved pressure on optic nerve and eye-
ball, and shrink the enlarged extraocular muscles. This article pre-
sented a case of TAO with significant enlarged extraocular muscles 
and compressive optic neuropathy. We performed deep lateral and 
endoscopic inferomedial orbital decompression combined with di-
rectly injection of Botulinum Toxin A (BTA) in the belly of extra-
ocular muscles for her. As a result, the afferent pupillary defect and 
optic disc edema was totally disappeared, the BCVA and visual 
field examination notably improved, and the intraocular pressure 
and proptosis returned normal after surgery. New-onset diplopia 
or worsening diplopia was not observed during follow-up. This 
case highlighted that adequate orbital decompression provides an 
added anatomical space for the expansion of enlarged extraocular 

muscles, thereby extremely relieving pressure being exerted on the 
optic nerve. In addition, we postulated that extraocular muscles 
may shrink after repeated injection of high concentration of BTA. 
But the optimal patient selection, dosage, frequency, and main side 
effects of treating TAO with BTA injection still need further study.

2. Introduction
Thyroid Associated Ophthalmopathy (TAO) is a progressive and 
debilitating autoimmune disorder that results in orbital disfigure-
ment, diplopia, and even vision loss [1]. The complex signs and 
symptoms differ in two clinical courses of TAO. The initial active 
phase is characterized by orbital inflammation and enlargement of 
orbital and periorbital tissues. The patients exhibit eyelid swell-
ing, orbital pain, chemosis and conjunctival injection, proptosis, 
eyelid retraction, diplopia, strabismus, and even compressive optic 
neuropathy in this period. The disease subsequently passing into 
inactive phase and is characterized by orbital fibrosis [2].

The management of TAO remains a dilemma for us because of the 
variability of its clinical course. For mild active/inactive patients, 
supportive therapy is necessary. Active moderate-to-severe pa-
tients need pulsed steroid therapy, while inactive moderate-to-se-
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vere patients with disfiguring proptosis or restricting diplopia re-
quires rehabilitative orbital decompression or strabismus surger-
ies. However, an orbital decompression should also be performed 
in emergency especially for cases of optic neuropathy and extreme 
corneal exposure [3].

Compression of the optic nerve occurs in 3-5% of patients [4] and 
restrictive strabismus may occur in 17% of all patients with TAO 
[1]. Though the orbital decompression can remove orbital fat, ex-
pand orbital volume, decrease orbital pressure, and relieve apical 
compression, while also reduce proptosis [5], the expansion of 
extraocular muscles remains a significant problem. Is there exist 
a method which could shrink the enlarged extraocular muscles si-
multaneously during orbital decompression?

Botulinum toxin A (BTA) injection has been considered as a favor-
able procedure in treating benign masseteric hypertrophy because 
of its effective reduction of the volume of masseter muscle and 
with no significant side effects [6]. In fact, BTA injection in the 
extraocular muscles has also been suggested to provide temporary 
relief of diplopia in selected patients during the active phase of 
TAO. The patients with 20△ or less of deviation achieved effective 
result in preventing surgery after BTA injection in the termination 
of the extraocular muscles [7]. However, the muscle bellies rather 
than starting and ending point of extraocular muscles obviously 
enlarged in patients with TAO. 

In order to solve these issues once, we attempted to perform deep 
lateral and endoscopic inferomedial orbital decompression com-
bined with directly injection of BTA in the belly of extraocular 

muscles for TAO patients with compression of the optic nerve and 
restrictive strabismus.

3. Materials & Methods
This study was approved by the Ethics Committee of Peoples’ 
Hospital of Ningxia Hui Autonomous Region and conducted in 
accordance with the Declaration of Helsinki.

A 53-year-old female was admitted to our hospital on August 3rd, 
2020, complaining of binocular proptosis for 3 months. The pa-
tient had a history of Graves’ disease for 3 months. Best-Correct-
ed Vision (BCVA) was 2/20 OD and FC OS, with a left Relative 
Afferent Pupillary Defect (RAPD). Intraocular pressures were 
20mmHg of two eyes. The proptosis was 22mm for right eye and 
23mm for left eye, respectively. The patient had 40△ left esotro-
pia in primary position and significant limitation of movement in 
all directions expect inward movement. Slit lamp biomicroscopy 
showed conjunctival congestion and chemosis for both eyes, and 
lens opacity for left eye. Funduscopic examination demonstrated 
optic disc edema OS. Goldman visual field testing showed total 
vision defect OU with much more serious situation of left eye. Vi-
sual evoked potential amplitude decreased OS. Orbital CT demon-
strated enlarged medial rectus, inferior rectus, and superior rectus 
of both eyes, and enlarged lateral rectus of left eye. The space of 
orbital apex was almost occupied by the extraocular muscles and 
the optic nerve was obviously compressed (Figure 1). (Figure 2) 
displayed the VEP, photograph of fundus and perimetry of the pa-
tient before surgery. (Figure 3) showed eye movement in nine di-
rections of the patient.

Figure 1: Horizontal Orbital CT demonstrated expansion of medial rectus for both eyes and expansion of lateral rectus (red arrow) of left eye (A). The 
space of orbital apex was almost occupied by the enlarged extraocular muscles (red arrow) and the optic nerve was significantly compressed in coronal 
and sagittal scanning (B and C).



clinicsofsurgery.com                                                                                                                                                                                                                                                                       3

Volume 6 Issue 3-2021                                                                                                                                                                                                                                          Case Report

Figure 2: Preoperative VEP test showed visual evoked potential amplitude decreased OS (A). Goldman visual field testing showed total vision defect 
OU with much more serious situation of left eye (B, C). Funduscopic examination demonstrated optic disc edema OS (D).

Figure 3: Eye movement was almost totally limited in nine directions.

The patient received orbital surgery of left eye under general anes-
thesia on August 7th, 2020. A standard total intranasal endoscopic 
spheno-ethmoidectomy was carried out using a 4.0mm and 45° 
endoscopes (Karl Storz, Tuttlingen, Germany). The superior wall 
of maxillary sinus was removed to expose the inferior rectus. The 
medial part of the lesser wing of the sphenoid bone at the orbital 
apex was thinned using a microdrill (XPS3000, Medtronic, Jack-
sonville, FL). Then the thinned sphenoid bone and medial orbital 
wall were totally removed. The medial periosteum was incised to 
release orbital fat in muscle cones. The assistant gently pressed 
the globe to encourage further prolapse of fibroadipose tissue. 
The intraconal fat between the medial and inferior rectus was ab-
sorbed using a suction cutter. The orbital fat was excised until the 

orbital pressure obviously decreased and the globe receded. BTA 
(Lanzhou, China) was prepared immediately prior to injection fol-
lowing standard procedures and diluent. The final concentration 
of 5U/0.1 cc was used. 20U of BTA was injected to the belly of 
medial rectus muscle and inferior rectus muscle, respectively. The 
transorbital deep lateral decompression began with exposure the 
periosteum of lateral orbital rim. Made an incision parallel to the 
axis of the orbit and elevated to develop a subperiosteal plane into 
the deep orbit. Then dissected posteriorly to expose the tip of the 
inferior and superior orbital fissures. Grinded the greater wing of 
the sphenoid anterior and superior to the tip of the inferior orbital 
fissure with the microdrill. Boney removal proceed until the inferi-
or orbital fissure is skeletonized. The diploic space then be grinded 
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superiorly to the region of the superior orbital fissure. The pocket 
of thick bone extending anterior from the tip of the superior orbital 
fissure to the frontozygomatic suture was removed. Finally, the 
lateral rectus muscle was also injected with 20U of BTA. Same 
surgery was performed for right eye 1 week later except for injec-
tion of BTA to the lateral rectus.

4. Results
First review was carried out 1 month later after surgeries. Oph-
thalmic examinations revealed BCVA of 5/20 OU, and intraocular 
pressure was 13mmHg of two eyes. The proptosis was 14mm for 
right eye and 15mm for left eye, respectively. The afferent pupil-
lary defect had been resolved and optic disc edema was totally 
relieved. Goldman visual field testing showed enlargement of 
physiologic blind spot and downgrade of visual sensitivity OU. 
However, an increasing ratio of mistakes (45%), perhaps induced 
by asthenopia, crept into her visual field-testing process of right 
eye. The patient completed her last follow-up visit 1 year later 
after surgery. Visual evoked potential amplitude decreased OS. 
Goldman visual field testing demonstrated slightly decrease of vi-
sual sensitivity OS. Ophthalmic examinations revealed no obvious 
change compared with her first review except significant limitation 
of inward movement. The patient had 40△ esotropia of left eye in 
primary position. Orbital CT manifested mild diminution of extra-
ocular muscles.

5. Discussion
The orbital architecture could be potentially disrupted during the 
progression of TAO [8]. Consequently, patients would suffer ex-
pansion of orbital fat and extraocular muscles causing proptosis, 
extraocular motility restriction causing diplopia, and compressive 
optic neuropathy causing vision loss in some severe cases [9]. 
Thus, treatment for these patients focused on how to create more 

space for the optic nerve, immediately and effectively relieving 
pressure, and reduce subsequent tissue remolding in extraocular 
muscles.

The alternate high doses of intravenous steroids for 2 consecutive 
weeks remains the primary treatment of sight-threatening TAO pa-
tients [10]. However, cases where compressive optic neuropathy is 
refractory to steroid treatment or where there is immediate risk to 
vision will require emergency orbital decompression [3].

Anatomically, the orbital apex is the narrowest area of the orbit, 
and the optic nerve lies near the medial rectus in the area of annu-
lus of Zinn [11]. Therefore, combined medial wall and inferome-
dial orbital decompression is the most appropriate approach, with 
improvement or stabilization of visual acuity in 75-100% of cases 
with compressive optic neuropathy [12, 13]. Transnasal endoscop-
ic medial and/or inferomedial wall decompression techniques pio-
neered in the last decades as videoendoscopic technology has ad-
vanced [14-16]. The surgery provides excellent visualization and 
a direct pathway to the ethmoid roof and orbital apex. In our case, 
we performed endoscopic transnasal uncinectomy, spheno-eth-
moidectomy and maxillary antrostomy to the post wall of the max-
illary sinus, followed by removal of lamina to the minor wing of 
sphenoid. The removal of the lamina papyracea and medial orbital 
floor enables the enlarged extraocular muscles to decompress into 
the ethmoid and maxillary sinuses. In addition, we also removed 
intraconal fat between the medial and inferior rectus. These pro-
cedures extremely relieved pressure on optic nerve and eyeball, 
broaden orbital volume, and allowed the bulb of the eye to recess 
back into the orbit. As a result, the afferent pupillary defect and 
optic disc edema was totally disappeared, the BCVA and visual 
field examination notably improved, and the intraocular pressure 
and proptosis returned normal after surgery (Figure 4).

Figure 4: Goldman visual field testing showed enlargement of physiologic blind spot and downgrade of visual sensitivity OU 1 month after surgery 
(A, B). The patient completed her last follow-up visit 1 year later after surgery. Goldman visual field testing demonstrated slightly decrease of visual 
sensitivity OS (C, D). The optic disc edema was totally disappeared (E), and VEP returned normal after surgery (F).
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However, postoperative diplopia and strabismus may occur be-
cause of the ocular recession the vector of pull for the extraoc-
ular muscles change [17]. Hence, we took some steps including 
preservation of the inferomedial bone strut, and performance of 
“balanced orbital decompression” to reduce the incidence of the 
complication. It has been proved preservation of the bony strut 
at the maxillary–ethmoid junction could effectively reduce dis-
placement of the muscle cone and orbital connective tissue into 
the maxillary and ethmoidal sinuses [18, 19]. According to previ-
ous report, leaving an intact periorbita significantly compromises 
the risk of new-onset diplopia [20]. However, the technique is not 
appropriate for the surgical treatment of all patients with TAO, 
especially in cases of optic neuropathy. The rationale of orbital 
decompression is to achieve maximum possible degree of apical 
decompression for these patients who have crowding at the orbital 
apex. Therefore, we completely remove the lamina papyracea, the 
anterior wall of the sphenoid sinus adjacent to the optic canal, and 
periorbita in the region of the orbital apex. We believe these mea-
sures are necessary to enhance the likelihood of return of vision.

Lateral decompression concurrent with medial and inferior wall 
decompression is thought to be a more “balanced approach” may 
reduce the degree of medial rectus prolapse and reduce postoper-
ative dysmotility [21, 22]. The rate of postoperative diplopia de-
creases to 11%-16% in “balanced decompression” than in classic 
inferomedial transantral or endoscopic technique [23, 24]. We si-
multaneously executed deep lateral decompression with resection 
of lateral orbital rim and drilling of the sphenoid as far as the supe-
rior and inferior orbital fissure. New-onset diplopia or worsening 
diplopia was not observed in our patient. Although the patient had 
40△ esotropia in primary position of her left eye, the situation ex-
isted from the orbitopathy itself before surgery.

During the development of TAO, plenty of highly hydrophilic gly-
cosaminoglycans and collagen fibrils accumulate in orbital tissues 
[1]. The extraocular muscles then significantly swollen, lost its 
elasticity and undergo fibrosis. The enlarged extraocular muscles 
exert pressure on the optic nerve in the anterior part of the orbital 
apex within the intraconal space. After orbital decompression, the 
crowded and thickened extraocular muscles were forced to bulge 
into newly created orbital space allowing for a lengthening of the 
muscle bellies and an improvement in contractile ability [20]. But 
the muscle volume remained expansile.

BTA acts by inhibiting the release of the acetylcholine neurotrans-
mitter by acting on the peripheral cholinergic motor nerve endings 
at the neuromuscular junction which ultimately reduces muscle 
action. More importantly, high concentration of BTA causes cell 
apoptosis and subsequently results muscle atrophy [25]. 20-50 U 
intra-muscular injection of BTA is proved to reduce the bulk of the 
masseter muscle [26]. To further shrink the extraocular muscles 
and alleviate the compromise to optic nerve, we injected 20U of 
BTA to the belly of medial, inferior, and lateral rectus. The ef-

fect of BTA is short-term and gradually weakened within 2 to 4 
months after injection [27]. The patients who received 3 injections 
maintained better and more effective decrease of masseter volume 
compared to a single dose [28]. In our study, the post-operative 
orbital CT showed mild reduction of extraocular muscle volume. 
We think the primary cause referred to the patient had not received 
continuous injection of BTA. Muscle atrophy results from the de-
lay or prevention of muscle fiber regeneration after BTA injection 
[29, 30]. It is difficult to achieve the effect after single injection.

6. Conclusion
In conclusion, we described a deep lateral wall decompression and 
endoscopic inferomedial orbital decompression combined with di-
rectly injection of BTA in extraocular muscles for TAO patients 
with compression of the optic nerve and restrictive strabismus. We 
considered that the adequate orbital decompression provides an 
added anatomical space for the expansion of enlarged extraocular 
muscles, thereby extremely relieving pressure being exerted on the 
optic nerve. In addition, we postulated that extraocular muscles 
may shrink after repeated injection of high concentration of BTA. 
However, the optimal patient selection, dosage, frequency, and 
main side effects of treating TAO with BTA injection still need 
further study. Future clinical studies employing these techniques 
in a larger number of cases may give us better insight regarding 
its efficacy.
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