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Chapter | Background and rationale

Ciliary ganglion is 3 mm in size and easily injured without notice in many
procedures™. It lays posterolateral in the orbit, so the surgical procedures approaching
lateral side of the orbit are always associated with the ciliary ganglion injury such as
lateral orbitotomy, inferolateral endoscopic orbital approach (IL-EOQA), transmaxillary
approach to the orbit, lateral approach of optic nerve sheath fenestration and inferior
oblique muscle surgery @D Therefore, the morphometric study of the ciliary ganglion
is essential for surgeons in order to make preferable results of these operations
including the distance between: the ciliary ganglion and the optic nerve, the ciliary
ganglion and the lateral rectus muscle, and the ciliary ganglion and posterior end of
the globe. Botulinum toxin A (BTX-A) injection is used for treatment of strabismus,
blepharospasm and cosmetic purpose. There are some reports of transient mydriasis
as a complication of these procedures. The cause of transient mydriasis is either by
means of trans-scleral diffusion or by ciliary artery perfusion if the injection was
superficial to the muscle or to anticholinergic toxicity or direct injury at the level of

10 Aq 4 result, the

the ciliary ganglion if the injection was deep to the muscle
knowledge about morphometric studies of the ciliary ganglion can help surgeons the

chance of the ciliary ganglion injury during BTX-A injection procedure.

Ciliary ganslion is posterolaterally located in orbital apex, between optic nerve
and lateral rectus muscle and close to lateral side of ophthalmic artery. It has vital
functions in autonomic control of eyes such as controlling pupil size and
accommodation reflex. Three types of nerve fibers run into the ciliary ganglion
including parasympathetic root from Edinger Westphal nucleus, or called motor root,
sympathetic root from internal carotid plexus or plexus around the ophthalmic artery,
and sensory root from nasociliary nerve'”. Because it is small and is obscured by the
similar color orbital fat between the lateral rectus muscle and the optic nerve, it is

difficult to be identified during surgery.



The ciliary ganglion injury can cause mydriasis of the affected eye which is the
local type tonic pupil. This tonic pupil involves in both the ciliary ganglion and the
short ciliary nerve injury. The patients have unilateral pupil dilation, poor or absent
light reflex response and light near dissociation". Some of the patients with the ciliary

ganglion injury can be recovered.

There are two studies depicting morphology or morphometry of the ciliary
ganglion and also its relation with the surrounding structures. The first study, Sinnreich
and Nathan (1980), described morphology and location of the ciliary ganglion. The
interesting part of their study is observation of the root reaching the ciliary ganglion
including motor parasympathetic root, sympathetic root and sensory root. They told
about the number of each root and varied sites where the roots branching from but
they did not measure distance between the ciliary ganglion and its surrounding
structures™?. Izci and Gonul (2006), is the first publication about the morphometric
study of the ciliary ganglion. They showed width and length (largest diameter
paralleling to the optic nerve) of the ciliary ganslion, and also the distance between it
and other structures including posterior end of the globe, site of the ophthalmic artery
crossing the lateral side of the optic nerve, the optic nerve, superior ophthalmic vein,
inferior ophthalmic vein and the lateral rectus muscle™. But, they did not show the
distance between the ciliary ganglion and the scleral insertion point of the lateral
rectus muscle which is quite important for BTX-A procedure as mentioned before.
Girijavallabhan and Ramakrishna (2008), reported about the position variation of the
ciliary ganglion. They discovered that the ciliary ganglion lied between the medial
rectus and the optic nerve™. So, this variation location of the ciliary ganglion must be

observed and considered during any medial approach procedure.

As aforementioned, the anatomical knowledge of the ciliary ganglion is essential
for surgeons operating surgery or procedure in the posterolateral area of the orbit. The
morphometric study can be benefit for surgeons to be aware of the ciliary ganglion

injury. Therefore, this study will focus on the distance between the ciliary ganglion and



other structures which are believed to be principal landmark for conducting the
procedures consisting of the scleral insertion point of the lateral rectus muscle, the
optic nerve, the lateral rectus muscle, and posterior end of the globe. In addition, the
number of the short ciliary nerves, the number of each root reaching the ciliary
ganglion and position variation of the ciliary ganglion location in Thai cadavers will be
observed. This knowledge will be useful information for any related procedure

especially in Asian patients.

Research questions
Primary research question

1. What are the distance between the ciliary ganglion and surrounding structures

in Thai cadavers?

Secondary research questions

[N

Are there any variations of the ciliary ganglion position in the orbit in Thai

cadavers?
2. What is the size of the ciliary ganglion of Thai cadavers?
3. What are the characteristic of the ciliary ganglion’s roots in Thai cadavers?

4. How many numbers of short ciliary nerves given off from the ciliary ganglion

in Thai cadavers?

Objectives

1. To measure distance between the ciliary ganglion and posterior end of the

globe (site where optic nerve exits the eyeball)

2. To measure distance between the ciliary ganglion and the scleral insertion of

lateral rectus muscle

3. To measure shortest distance from the ciliary ganglion to the lateral rectus

muscle



To measure distance from the ciliary ganglion to the optic nerve
To investigate the position variation of the ciliary ganglion in the orbit
To measure size of the ciliary ganglion

To study pattern and number of motor parasympathetic root, sensory root

and sympathetic root reaching the ciliary ganglion

To evaluate the number of short ciliary nerves branching from the ciliary

ganglion



Conceptual framework

The position and morphometric study of the ciliary ganglion

| |

Internal factors External factors
- Gender - Dissection errors
- Measurement errors
- Age
- Photograph
- Side

!

- orbital trauma
Control of external factors

v -cautious dissection of globe with complete periorbital

Control of internal factors

-dissecting and observing specimen by using clay framework

- Using completely preserve and 3.5x magnifying surgical loupe

cadavers without orbital . .
-measurement in same position and same as before

dissection of all globe by using non-drying dough and clay as
a framework for preventing falsely measured distance from
retracting the lateral rectus muscle while dissecting and

monitoring in this position in whole process

\4

Dissection, observation and measurement

l

- To propose distance between the ciliary ganglion and surrounding structures
- To propose position of the ciliary ganglion in the orbit
- To propose number and patterns of the nerves coming to and branching off from

the ciliary ganglion




Key words: ciliary ganglion, short ciliary nerves, tonic pupil
Research design: Descriptive study

Expected benefits and applications

This current study will explain more anatomical knowledge in detail of
morphometric study of the ciliary ganglion and surrounding structures which are
believed to be important surgical landmarks in Thai cadavers. This reinvented
knowledge will help surgeons diminish postoperative or post-procedural complications

which are resulted from the ciliary ganglion injury.



Chapter Il Literature review

Ciliary ganglion, 3 mm in size, locates in orbital apex, Llying in
posterolateral to eyeball in loose areolar tissue. This ganglion places in inferolateral
aspect of optic nerve, medial to lateral rectus muscle, lateral to ophthalmic artery,
approximately 1 cm in front of annular tendon and about 1.5 cm through 2 cm behind
the eyeball™ > ¥, There is a study by lzci and Gonul (2006) which reveals distance
between the ciliary ganglion and important structure in the orbit related to ciliary
ganglion injury, for instance optic nerve and lateral rectus muscle. The mean distance
between the ganglion and optic nerve is 2.9 mm (range 2.7-3.1 mm)'Y. The mean
distance between the ganglion and lateral rectus muscle is also measured as 10.4 mm
(range 9.2-11.2 mm)\Y. The ganglion is the site to which three types of fiber going ahead
with two types just passing through and forming only one synapse. The motor
parasympathetic fibers from oculomotor branch to inferior oblique muscle forms
synapse with post ganglionic neurons. They carry parasympathetic fibers from Edinger-
Westphal nucleus and anteromedian nuclei of midbrain. They arrive ciliary ganglion in
postero-inferior angle. The post ganglionic fibers leave by the route of short ciliary
nerves which pass through the lamina cribosa sclerae to innervate ciliary muscle and
iris sphincter muscle. The sensory root reaches the ganglion at its postero-superior
angle by means of nasociliary nerve (ophthalmic nerve branch) without forming
synapse. The sensory fibers carry information from iris, ciliary body and mainly cornea
to the ciliary ganglion by short ciliary nerve. After leaving from the ciliary ganglion, the
sensory fibers join the nasociliary nerve and then join the ophthalmic nerve. From
there, the sensory signal will come back to the brainstem by trigeminal nerve. The
sympathetic fibers are formed by post ganglionic fiber from neurons located at the
superior cervical ganglion. The sympathetic preganglionic fibers come from neurons
located in the intermediolateral cell column (IML) in the C8-T2 segments of the spinal
cord running through first thoracic spinal nerve, ascend through the inferior and middle

cervical ganglion, and form synapse when reaches superior cervical ganglion. The



postganglionic fibers leave superior cervical ganglion via internal and external carotid
nerve, then form the carotid plexus around internal carotid artery as seen in figure 1.
The sympathetic root to the ciliary ganglion originate either directly from the carotid
plexus or cavernous plexus in cavernous sinus and come to the orbit via superior
orbital fissure, or from plexus around the ophthalmic artery which is already in the
orbit™. Natori and Rhoton (1995), found the sympathetic root coming from both
sources*?. The sympathetic root passes through without forming synapse and reaches
the ciliary ganglion at its posterior border between the other two roots. They go to the
globe by the short ciliary nerve and arrive at the eyeball vessel for controlling

vasoconstriction and pupil dilator muscle for sympathetic response of iris % ',

Oculomotor
nerve

Short ciliary Ci|iarY \
PRt T i /‘vamhalamus

\ <
&>
ra
B

/_«"& \
"\ Edinger-Westphal nucleus

Long ciliary nerve —\_
Ophalmic nerve ———
Internal carotid artery ——

Sudomotor fibres —— g e
External carotid artery —

Superior cervical
ganglion

Spinal cord segments
Cc8 -T-1

Figure 1. Sympathetic innervation to the pupillodilator. (Yeo et al. 2010)*”
The ciliary ganglion branches out 6 to 10 short ciliary nerves in number,
but approximately 12 to 20 filaments. These branches penetrate sclera at the exit site
of the optic nerve, running ahead along with ciliary arteries above and below the optic

nerve @, 12).



The previous morphometric study of the ciliary ganglion

Sinnreich and Nathan (1981), described about anatomical observation of
the ciliary ganglion™?. They studied in 30 cadavers and found that the ciliary ganglion
had an irregular, ovoid or rectangular shape with its largest diameter locating along the
lateral aspect of optic nerve in the posterior part. The structures on the lateral side of
the ganglion are the abducens and the lateral rectus muscle, separated by a thin layer
of orbital fat. They did not measured distance of the ciliary ganglion with other
structures in the orbit, but made observation about the roots reaching the ciliary
ganglion. Motor parasympathetic root presented in 28 cases in form of one root, but
some had double root. The other 2 cases did not have motor root, in one of these
cases the ganglion was directly attach to the inferior oblique muscle branch of
oculomotor nerve, and in the other the ciliary ganglion lay in direct opposition to the
inferior branch of oculomotor nerve. Every case had sensory root from nasociliary
nerve. The sympathetic root was identified in 22 specimen; 20 cases had the
sympathetic root originated from internal carotid plexus, in the other 2 cases the
sympathetic root derived from the plexus surrounding the ophthalmic artery or one
of its branches. In 3 of 20 cases, there were two sympathetic roots derived from both
internal carotid artery and ophthalmic artery. From their study, they recommended
that the ciliary ganslion could be found by following the oculomotor branch to inferior
oblique muscle backwards up to the motor root of the ganglion. The oculomotor
branch to the inferior oblique runs parallel and close to the inferior border of the

lateral rectus muscle?.

Izci and Gonul (2006), depicted the ciliary ganglion width and length in
parallel axis to the optic nerve and the distance between the ciliary ganglion and other
structures including the posterior end of the globe, site of the ophthalmic artery
crossing the lateral side of the optic nerve, the optic nerve, superior ophthalmic vein,
inferior ophthalmic vein, lateral rectus muscle. They also concentrated on the number

of the short ciliary nerve™. Their study is the first to describe specific and detailed
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study about morphological aspects, and also morphometric study of the ciliary

ganglion as shown in table 1 and table 2.

Distance

Table 1. The landmarks of the morphometric measurements (Izci et al. 2016)”

Measurement sites Mean [mm]
A-B 12
B-C 5.25
C-D 4.1
A-C 18.08
A-D 18.16
Width of CG 3.04
CG-ON 2.90
CG-SOV 5.1
CG-loVv 4.5
CG-LRM 10.4
Number of SCN 7

from

Posterior end
of the globe

Anterior edge

of the ciliary ganglion
Posterior edge

of the ciliary ganglion
Posterior end

of the globe

Posterior end
of the globe

to

Anterior edge of the ciliary ganglion
Posterior edge of the ciliary ganglion

Site of the ophthalmic artery crossing
the lateral side of the optic nerve

posterior edge of the ciliary ganglion

Site of the ophthalmic artery crossing
the lateral side of the optic nerve

Range [mm]

7.75-19.80
4.15-6.45
3.25-9.70
12.80-23.50
15.10-23.50
2.75-3.40
2.70-3.10
4.70-5.60
3.70-4.90
9.20-11.20
6-10

CG =ciliary ganglion, ON = optic nerve, SOV = superior ophthalmic vein,
IOV = inferior ophthalmic vein, LRM = lateral rectus muscle, SCN = short ciliary

nerves.

Table 2. Measurements of the anatomic structures related to the CG (Izci et al.

2016)7



11

Girijavallabhan and Ramakrishna (2008), reported about the position
variation of the ciliary ganglion. They found the right eye ciliary ganglion of 62 years
old, south Indian female cadaver positioned between the optic nerve and medial
rectus muscle, lateral to the ophthalmic artery. It is close contact to the ophthalmic
artery and locating superomedial to the optic nerve, beneath the superior rectus
muscle. On the other hand, in the left eye ciliary ganglion, the position, branching

pattern and its association with other structures are normal*?.

Moreover, orbit composes of four sides, like pyramidal shape, with the
narrowest part of orbital apex. It is rich in neurovascular structure in the confined
space’®. Most of these compact structures have important roles for ocular function
such as eye movement, light reflex, accommodation reflex and regulation of ocular

blood flow'™.

As oculomotor nerve, abducen nerve, trochlear nerve, which innervate
extraocular muscle of eyes, are essential nerves for eye movement!?. These come
from nuclei in midbrain and pons and pass through superior orbital fissure to synapse
their targets. Most of extraocular muscles are innervated by oculomotor nerve. In
addition, oculomotor nerve and its branches also play important roles in autonomic

system function of eye!'®.

Oculomotor nerve departs from midbrain originating from two nucleus
which are oculomotor nucleus at the level of superior colliculus, and Edinger-Westphal
nucleus as seen in figure 2. Oculomotor nucleus consists of five subnuclei. Each nuclei
gives general somatic efferent axon to innervate different extraocular muscle, and also
levator palpebrae superioris muscle. Edinger-Westphal nucleus, or called accessory
oculomotor nucleus, is a combination of preganglionic parasympathetic neuron.
General visceral efferent axons are fibers that come out from this nucleus. They mainly
control parasympathetic autonomic system including pupil constriction in light reflex

and accommodation reflex. They give branch to innervate sphincter pupillae muscle
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and ciliary muscle for controlling light reflex and accommodation reflex respectively.
These nucleus give fibers together with fibers from oculomotor nucleus to form

oculomotor nerve™.

Oculomotor nerve leaves midbrain via cerebral peduncle
forward to interpeduncular cistern. After entering interpeduncular cistern, it passes
through cavernous sinus going ahead to enter the orbit by superior orbital fissure®?.
Superior orbital fissure is the site assembling of dura, periorbital of orbital apex and
annular tendon. The annular tendon is the origin of extraocular muscle and covers
upper-medial portion of superior orbital fissure®V. As oculomotor nerve come into
annular tendon, then it is separated into two branches including superior and inferior
division in oculomotor foramen. Oculomotor foramen is the central part of superior
orbital fissure and surrounded by some parts of annular tendon and lesser wing of

sphenoid bone®.

Superior oblique
Superior rectus  muscle

Trochlear nerve (CN IV) musce |
Long (ilia\ry nerves _i—

Superior division \

Sympathetic plexus
Oculomotor nerve (CN III)

Trigeminal
ganglion (CH V) e

Internal carotid artery 4' 7“‘.‘ Wi

/
/ /

Ciliary ganglion |/ Inferior rectus A

muscle Inferior oblique

muscle

Inferior division Short ailiary
nerves

Figure 2. Ciliary ganglion and innervation to the muscle of the eye. (Yeo et al.

2010)""

The superior division of oculomotor nerve runs beneath the lesser wing
of sphenoid bone, then gets into the orbit at which is the origin of superior rectus
muscle and above ophthalmic artery. At this site superior division of oculomotor

nerve gives innervation to levator palpebrae superioris and superior rectus muscle™?.
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Meanwhile, the inferior division of oculomotor nerve passes through the
inferomedial part of superior orbital fissure locating medial to abducens nerve and
nasociliary nerve which is the branch of ophthalmic nerve. It gives 3 branches to
innervate inferior oblique muscle, inferior rectus muscle and medial rectus muscle.
Innervation to the inferior oblique muscle is found to be the longest branch as seen

in the figure3"?.

The branch to inferior oblique muscle also brings general visceral

efferent fibers from parasympathetic preganglionic neuron of Edinger-Westphal

nucleus, to form synapse in ciliary ganglion'®.

CN Il

Rectus

(sup. div.) gup

AnM

tendon <

Figure 3. Contents of the orbit, lateral view of right side. The ciliary ganglion is located
just lateral to the optic nerve. The rectus inferior is innervated by the inferior division
of the oculomotor nerve. The long ciliary nerves which are branches of nasociliary
nerve of ophthalmic nerve are by passing ciliary ganglion to enter the orbit. The
relation of the nerves with the branches of the ophthalmic artery (colored red) and
vein (colored blue) can be noted. CG: ciliary ¢anglion; LCN: long ciliary nerves; SCN:

short ciliary nerves (Apaydin et al. (2018)/*®
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The surgical technique of orbital surgery and the ciliary ganglion injury

Lateral orbitotomy is adequate exposure for tumors located in superior,
lateral or inferior to optic nerve seen in figure 4. It is not associated with intracranial
compartment, simply performed, safe and flexible to the lesion in more anterior. | t is
possible to approach by a 35 mm skin incision or using coronal flap®®. In superior
approach, inferior approach and central approach of this procedure, the lateral rectus
muscle is retracted inferiorly, superiorly and disinserted respectively. The ciliary
ganglion and ciliary nerves which locate in posterolateral in the orbit, lateral to optic
nerve can be easily accesses or injured because retracted lateral rectus muscle not
any longer protect these structure. In addition, in the inferior and central approach,
there is exposure to not only ciliary ganglion and its nerve, but also inferior division of
oculomotor nerve to inferior oblique muscle which send branch to form synapse in
the ciliary ganglion”. Many large lesions which occupy both the muscle cone and
inferior nasal portion of the orbit; inferolateral orbitotomy is required for complete
excision as it provides more exposure. For the inferolateral approach, the globe is
retracted superiorly and the inferior rectus is retracted laterally and superiorly or
disinserted and retracted. The contents of inferior and inferomedial compartment of
the orbit and inferior surface of the optic nerve will be exposed including the short
ciliary nerve, the ciliary ganglion, the inferior ophthalmic vein and the inferior oblique
muscle branch of inferior division. During this approach the ciliary ganglion, the short
ciliary nerve and the long course of nerve to the inferior oblique are high risk to be
injured and cause unilateral mydriasis??. Besides, in Inferolateral endoscopic orbital
approach (IL-EOA), an alternative microsurgical procedure of lateral obitotomy, the
ciliary ganglion and short ciliary nerve are in peril since the lateral rectus muscle is

disinserted and retracted posteriorly, then not blocks these structure®.
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Figure 4. Process of the zygomatic bone and frontal bone were removed during
lateral orbitotomy®

Gonul et al. (2003) performed transmaxillary approach to the orbit which
offered access to the inferomedial and inferolateral orbit and to the inferior aspect of
the optic nerve (figure 5). It is an alternative technique for orbital surgery. Furthermore,
It provides a less invasive extradural approach to the orbit with avoiding the use of
craniotomy and brain retraction and is cosmetically acceptable. Although this
technique looks safe and preferable, it takes some risks for the ciliary ganglion and
other neural structures injury, especially via the lateral route of approach. The inferior
oblique muscle branch of the oculomotor nerve, the motor root to the ciliary ganglion,
and the short ciliary nerves can also be damaged because these neural structures

often escape notice within the orbital fat'.



Ethmoid
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Frontal bone

Left orbit
Globe
Infraorbital M. Branchefliom
nerve, artery . ¢ Ophth. A
and vein nt. ; B oo cil N
‘ Branch of
{1l Inf. Div. to
Inf. Oblique M
Orbital floor phth. V - ~ Lat. Reclus M
rbital ;r‘;(ﬁ*"." .\ Lt o Periorbita
Maxillary sinus 3 A%

Figure 5. Orbital floor was removed during transmaxillary approach. By
inferolateral approach, the ciliary ganglion could be found. @

Kyung Ah (2017) and Jae Il (2016) report cases about manipulation of
inferior oblique muscle during medial orbital floor fracture reconstruction can cause

(24, 25) Since
. )

unilateral mydriasis because of interruption of parasympathetic pathway
the medial orbital floor fracture itself is low possibility of direct nerve or ganglion injury
but inferior oblique muscle, which joins the capsulopalpebral fascia with inferior rectus
muscle, is always aggressively manipulated during medial/inferior rim of orbit fracture
reconstruction and then results in motion of inferior rectus muscle. As inferior division
of oculomotor nerve travels on inferior rectus muscle, it will also be interrupted”. It
is believed that in posterior orbital fracture cases, surgical manipulation of or around
the ciliary ganglion also accounts for mydriatic pupil”. Horn Blast and Still Water also
reported the association of posterior orbital floor fracture and unilateral mydriasis
pupil®®. Moreover, during inferior oblique muscle surgery as a treatment of strabismus
especially in denervation-extirpation, excessive traction on it can cause excessive
traction on the ciliary ganglion. As a result, excessive traction of this muscle can cause
injury to the ciliary ganglion directly®. There was a presumption that intraoperative

manipulation of the nerve to the inferior oblique muscle, inferior rectus muscle, ciliary

ganglion, or short ciliary nerves, causing disturbance formation of the parasympathetic
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fibers with subsequent transient conduction block, and will result in the anisocoria?®

20 As a result, medial or posterior orbital floor fracture patients who will undergo
reconstruction and strabismus patients who will have inferior oblique muscle surgery
should be warned before operation about possible anisocoria complication. Moreover,

surgeons should avoid placing retractor too posterior along lateral side of orbit to

evade the ciliary ganglion manipulation”.

Some ophthalmologists introduce botulinum toxin (BTX-A) injection into
the antagonist muscle of the paretic muscle to decrease adduction tone of antagonist
muscle as one of the treatment choices of strabismus. Moreover, BTX-A is used for
treatment of blepharospasm and cosmetic purpose. Five cases of transient mydriasis
from botulinum toxin (BTX-A)injection to extraocular muscles were reported in
humans®. In these five cases, after botulinum toxin injection, mostly to the lateral
rectus muscles, transient mydriasis was shown with tonic pupils. The most likely
suggested cause was injury to the ciliary ganglion, resulting in weakened
accommodation. All of these cases, mydriasis were showed temporary and only for a
few weeks®. Hemmerdinger et al, 2006 showed one of those five cases included a
case of 69-year old man patient with horizontal hypometric saccades (secondary to
his cerebrovascular accident) injected with BTX-A 1.25 international units (IU) to the
lateral rectus muscle of right eye. He received similar dose of BTX-A a month later and
was repeated twice at quarterly intervals. Three months after first BTX-A injection, he
got mydriasis of the right eye and resolved by 20 weeks. He was suspected to have
the ciliary ganglion injury during BTX-A injection’”. On the other hand, there was also
a report about BTX-A injection to medial rectus and then causing transient mydriasis
of affected eye. Christiansen et al (2016) reported 3 cases out of 27 participants
developed left eye tonic pupil after they were performed BTX-A injection to medial
rectus muscle as a treatment of esotropia. All 3 cases tonic pupil occurred in the left
eye of participants who underwent bilateral BTX-A injection by the same surgeon.
Anisocoria was found at the 2 week visit post injection. BTX-A injection was not
standard performed using a closed conjunctival technique without electromyography

control because this study was conducted in the part of the routine care. One possible
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reason for left eye tonic pupil may be inaccurate needle placement in muscle because
the surgeon was right handed. Akkaya et al, 2015 found unilateral transient mydriasis
and ptosis after botulinum toxin injection for a cosmetic procedure in 36-year-old
patient®. The most likely suggested cause was cumulative high dose of BTX-A injection

which resulted in pharmacological blockage.

The cause of tonic pupil in these procedures was suspected to be pharmacological
blockade of the cholinergic terminals in the iris by means of trans-sclera diffusion or
by ciliary artery perfusion if the injection was superficial to the muscle or to
anticholinergic toxicity or direct injury at the level of the ciliary ganglion if the injection
was deep to the muscle®. This procedure, the tip of needle may cause ciliary ganglion

injury as it lays medial to lateral rectus muscle.

Optic nerve sheath fenestration (ONSF) is most commonly indicated in
for optic neuropathy in the setting of raised intracranial pressure, especially in patients
with severe or progressive visual loss due to pseudotumor cerebri syndrome (PTSC).
The greatest morbidity from this disorder is visual loss related to optic disc swelling.
PTSC is classified to primary pseudotumor cerebri syndrome or idiopathic intracranial
hypertension (IIH), and secondary pseudotumor cerebri syndrome which include
etiologies such as medications, medical conditions, and cerebral venous abnormalities.
In 1964, Hayreh first depicted that papilledema was a sequence of increase intracranial
pressure and could be relieved by reducing the CSF pressure in subarachnoid space
of optic nervel?®. Management of both types of PTSC depends on the level of visual

loss.

In addition, other indications for ONSF are severe visual loss at pre-
sentation, inability to comply with medications, poor follow-up, or inability to
cooperate with visual field testing. In ONSF, windows or slits, followed by blunt lysis
of subarachnoid adhesions, are created through the dura and arachnoid surrounding

the optic nerve or a window of dura can be excised. The lateral orbitotomy approach
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of optic nerve sheath fenestration is depicted in figure 6. This procedure allows CSF

release which makes CSF pressure decrease.

Fig V. —Amchnoid and edge of dwa are Fig 2. —Cercbrospinal fuid escapes once Fig 3—0Ono blade of mcroscissors s
Qrasped with lorceps. arachnoid Is incised. Inserted into subarachnoid space, and rectan-
gular window is excised from sheath.

Figure 6. The lateral orbitotomy approach of optic nerve sheath fenestration

(Tse et al. 1988)"”

There are many surgical approach techniques, for instance the lateral
orbitotomy approach, the medial approach and anterior medial upper eyelid crease
approach®. The medial approach (transconjunctiva and under the medial rectus
muscle) is more popular due to less complicated technique. Each approach has
technical advantages and disadvantages, depended on surgeon preferences. One of
the lateral orbitotomy approach disadvantages is that there is a chance to injure
ciliary ganglion and posterior ciliary nerve resulting in anisocoria and accommodative

dysfunction.

As a result, the surgeon who uses these techniques must have good
knowledge about the ciliary ganglion and its surrounding structures to diminish risk of

the ciliary ganglion injury.
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The affects of the ciliary ganglion and its branches injury

Following the injury to the nerve to inferior oblique muscle, the ciliary
ganglion and the short ciliary nerve, there will be mydriasis on the affected eye
because of disruption of parasympathetic pathways. Furthermore, injury to this
pathway can also cause tonic pupil. There are three type of tonic pupil including:
Adie tonic pupil, neuropathic tonic pupil and local tonic pupil®. The local tonic
pupil, which is one of the three types, involves in the ciliary ganglion and the short
ciliary nerve injury. Furthermore, the local tonic pupil has some characteristics which
observation may include: unilateral dilation of pupil; ligsht near dissociation (LND)
which is poor or absent response to light but response to near; segmental palsy of
the iris sphincter; and denervation hypersensitivity to the dilute cholinergic agents.
Due to disruption of parasympathetic innervation to the iris sphincter, there is
anisocoria with the affected pupil larger than the other side. The affected pupil fails
to react to light, but constrict slowly and long-lasting when focusing on the near
object. This is light near dissociation (LND) which can be developed after the ciliary
or the short ciliary nerve injury about weeks to month. The tonic pupil examination

can be seen as in figure 7.
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Figure 7. The patient in this figure has a right tonic pupil. At baseline, there is
anisocoria with the right pupil larger than the left (first row). The dilated pupil fails to
react to light (second row) but constricts slowly (i.e., tonic contraction) when the
patient focuses on a near object (third row). After instillation of dilute pilocarpine
eyedrops (fourth row), the pupil constricts markedly. (Evidence-Based Physical
diagnosis, 4™ edition(2018))*

The pathogenesis of LND is that after the parasympathetic nerve fiber
from ciliary ganglion are disrupted, the regenerating fiber come to innervate iris instead
of their originally destination for ciliary body. The reinnervation may be aberrant
(aberrant regeneration) and runs to iris instead of the ciliary body in 30 times the
number of fibers to the fibers for controlling light reaction of iris. As the fact that the
sphincter pupillae consists of 70 to 80 separate motor unit and each served by a
separated parasympathetic nerve fiber, when injury occurs in some nerve fibers, it will
cause segmental palsy of the iris sphincter which leads to oval pupil. After damage to

the ciliary ganglion, reinnervation and upregulation of the postsynaptic receptors
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occurs, a process known as denervation supersensitivity which can be found within

days to weeks!!*Y.

However, it was once believed that the ciliary ganslion injury also led to
Argyll Robertson Pupils which also has LND as one of its manifestations. From recent
study, the syphilis does not commonly produce a peripheral neuropathy such as the
ciliary ganglion and the short ciliary nerve. Moreover, the postmortem study of the
ciliary ganglion in the AR patients are invariably normal®?. It also has different
characteristics and origin. The Argyll Robertson Pupils have four characteristic finding
including: 1.bilateral involvement, 2. small pupils in baseline that fail to dilate fully in
dim light, 3. no light reaction, and 4. brisk constriction to near vision and brisk redilation
to far vision. This pathology was first described by Douglas Moray Cooper Lamb Argyll
Robertson in 1868, but the association between this pathology and neurosyphillis was
provedby means of Wasserman serologic test for syphilis which was launched in 1906.
In addition to neurosyphillis, the other causes of Argyll Robertson Pupils are diabetes
mellitus, neurosarcoidosis, and Lyme disease®. The lesion in dorsal midbrain, which
preserves more ventrally located accommodative fiber innervating Edinger-Westphal
nucleus but disrupts the light reflex fibers, is believed to bring about this pathologic
pupil. The Argyll Robertson pupils already constrict in baseline, and they does not
become smaller when doing the light reflex and swinging flash light test. Nonetheless,

the pupil become smaller than base line and long-lasting!'".

Here is the table show the comparison between the tonic pupil and the Argyll

Robertson Pupil!!(table 3).
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Finding Tonic Pupil Argyll Robertson Pupil
Pupil size Large Small
Laterality Mostly unilateral Mostly bilateral

Reaction to near vision Extremely slow and prolonged with slow redilation Normal with brisk redilation

Table 3. Comparison of Tonic Pupil and Argyll Robertson Pupil (Evidence-Based
Physical diagnosis, 4™ edition(2018)/*¥
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Chapter Ill Material and methods
Target population and sample population

This current study will used the embalmed cadavers in the department

of anatomy, faculty of medicine, Chulalongkorn University, Thailand

Inclusion criteria
- The cadavers are completely preserved in all processes, one eye from each

cadaver will be included.

Exclusion criteria

- The cadavers who has orbital trauma which distort orbital anatomy

Sample size determination

From the pilot study of 10 eyes (1 left eye and 9 right eyes), the
standard deviation of the distance between anterior edge of the ciliary ganglion and
the scleral insertion of the lateral rectus muscle was 3.009 millimeter. This current
study will used the sample size equation from the descriptive study and confidence

interval set as 95%

n= l:lgzl:l2
—= il
dz
2 2 .
When Ox“ =Ho.05“=1.96(two tail)
2 2

0= variance = (SD)= 3.009
d>= acceptable error = 1 mm

Therefore n= (1.96)°(3.009)

12
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The calculated sample size is at least 34 eyes. Therefore, 40eyes of cadavers will be

included in this current study.

Materials and Methods

Equiments

1. Dissection instruments i.e. blade, forceps, scissors, probe and clamps/wirer
2. Non-drying dough and clay

3. 3.5x magnifying surgical loupe

3. Digital vernier caliper (GuangLu ® 0-100 mm)

4. Pins

5. Scale

7. Digital camera
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Methods

Dissection

1. One globe with complete orbital content; either right or left side will be
removed from all cadavers. All globes with orbital content will be gouged

with absolute periorbita. (Fig. 8)

Figure 8. Globe with whole periorbita will be gauged from each cadaver.

2. Afterward, all specimens will be soaked in 10% formalin for more than a day

for easier dissection. (Fig. 9)

Figure 9. Preservation of each specimen in 10% formalin
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3. Non-drying dough and clay will be molded as the shape of each specimen.
The non-drying dough will be put aside, but the clay will be used to fix the

specimens. (Fig. 10)

T
| S,

Figure 10. Molded non-drying dough of each specimen’s shape

4. The superior side of the periorbita will be cut and removed, but medial and
lateral side will not be disturbed so as to avoid error during measuring. (Fig.

11)

Fieure 11. The distracted superior side of periorbita will be removed.
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5. Frontal nerve and some orbital fat will be cut and removed. Then superior

oblique muscle and levator palpebrae superioris will be clearly seen. (Fig. 12)

Levator palpebrae superioris
muscle

Superior oblique
muscle

Figure 12. The frontal nerve and some orbital fat will be removed.

6. The levator palpebrae superioris will be carefully disinserted and retracted to

posterior, then will be fixed with the pin. (Fig. 13)

evator palpebrae
superioris muscle

Eluﬂ&.:‘-?v hi _..\h

Figure 13. Disinsertion of levator palpabrae superioris muscle
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7. The superior rectus muscle will be disinserted and retracted. Afterwards,
nerve to levator palpebrae superioris and the superior rectus muscle will be

seen and can be tracked to superior division of the oculomotor nerve. (Fig.

14)

Superior rectus
muscle

Figure 14. The superior rectus muscle will be disinsert and retracted.

8. Part of the superior rectus muscle and the levator palpebrae superioris
muscle will be cut for convenient dissection. Trochlear nerve which lies
above the superior oblique muscle will be cut and the superior oblique

muscle will be disinserted and partially cut. (Fig. 15)
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\%- ;

Superior oblique’ . N

Superior rectus
muscle

Figure 15. Trochlear nerve and superior oblique muscle will be disinserted.

The fat and branches of ophthalmic vein and artery under the superior
oblique muscle, the levator palpebrae superioris muscle, and the superior

rectus muscle which have already been cut will be removed. Then nasociliary

nerve will be cleary seen. (Fig. 16)
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Nasociliary
nerve

Figsure 16. The fat and branches of ophthalmic vein and artery under the superior
oblique muscle, the levator palpebrae superioris muscle, and the superior rectus
muscle which have already been will be removed.

10. Follow the nasociliary nerve and the superior branch of the oculomotor

nerve backward to find the inferior branch of the oculomotor nerve at just

anterior to the annulus tendon. (Fig. 17)



33

Figure 17. Tracking for inferior division of oculomotor nerve. SON=superior division of
oculomotor nerve

11. After following nasociliary branch and the branch from inferior branch of the
oculomotor nerve, the ciliary ganglion will be found lateral to the optic

nerve.(Fig. 18)

12. The orbital fat between the ciliary ganglion and medial surface of the lateral
rectus muscle will be detached for better exposure of the ciliary ganglion.

(Fig. 18)



optic nerve

Lateral rectus
muscle

Nasociliary
nerve

iliary
ganglion

Figure 18. After tracking for ciliary ¢anglion, orbital fat between lateral rectus

muscle and the ciliary ganglion will be removed.
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13. The measurement between the ciliary ganglion and the lateral rectus muscle

in horizontal direction, and optic nerve will be done. (Fig. 18)

14. The lateral rectus muscle will be cut near the annulus ring and retracted

anteriorly. The fat around the ciliary ganglion will be removed with the

2.5Xmagnifying loupe.
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Superior réctus
muscle

Figsure 19. The lateral rectus muscle will be cut near the annulus ring and retracted

anteriorly. ION=inferior division of oculomotor nerve

15. The scleral insertion of the lateral rectus muscle and posterior end of the
globe, especially site of the optic nerve entering the globe will be thoroughly

dissected.

(Fig. 20,21,22)



Scleral insertion of
lateral rectus m.

—Posterior end of the globe

Lateral rectus
muscle

Superior rectus
muscle
Annulus of Zinn

Scleral insertion of Posterior end of the globe

lateral rectus m.

Figure 21. The lateral rectus muscle will be retracted anteriorly and the posterior

end of the globe will be cleaned.
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Scleral insertion of
lateral rectus m.

Posterior end of the globe

Optic nerve

iliary ganglion

Figsure 22. The pin will be point at the insertion to fix for measurement.

16. Short ciliary nerve and ciliary ganglion’s roots were observed (Fig. 23)
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Lateral rectus muscle

Ciliary ganglio & Y4f & shortciliary nerve

Motor root

AL

Figsure 23. The dissection of lateral rectus muscle, posterior end of the globe, optic

nerve and the ciliary ganglion.

Observation

1.

Position of the ciliary ganglion in the orbit (medial or lateral to the optic
nerve) will be observed to discover if there is any variation in position in Thai

cadavers.

Number of short ciliary nerve will be counted after removing the lateral

rectus muscle.

Number of motor parasympathetic root will be describing with their branching

off pattern from inferior division of the oculomotor nerve.
Number of sensory root will be evaluated.

Number of sympathetic root will be described.
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Measurements

The measurements will be taken by digital Vernier caliper (GuangLu ®0-100 mm).
The parameters will be measured from 1 to 6 and will be repeated 3 times as an

one day intervals.

1. Horizontal distance from the ciliary ganglion to the lateral rectus muscle in
will be measured. Then the lateral rectus muscle will be disinserted and cut

for better exposure of the ciliary ganglion.
2. Distance between the ciliary ganglion and the optic nerve will be measured.

3. Distance between the scleral insertion of the lateral rectus muscle and the

ciliary ganglion will be measured.

4. Distance from posterior end of the globe (A, exit site of the optic nerve) to
anterior edge of the ciliary ganglion (B), which is the length of the short ciliary

nerve, will be measured.

5. Maximum width (D) of the ciliary ganglion which its axis is perpendicular to

axis of the optic nerve will be measured.

6. Maximum distance from the anterior edge of the ciliary ganglion (B) to the
posterior edge of it (C) will be measured. This distance is parallel to the optic

nerve.



Data collection

All data will note in the Case record form

40
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Case record form

Faculty of Medicine, Chulalongkorn University

Table NO. ....ccooonvvnn... Sex:L ] Malel | Female Cadaveric Code: .................... AGE: . Years Side:

U] Left L] Right

Ciliary gansglion

Position in orbit
_ILateral to optic N

| Medial to optic N

Globe

OA
Sensory Annular tendon
oot S
ON
[
———— ;
D
SCN
ca NN
Sympathetic
9 root’
Motor root
A B e

A= posterior end of the globe, B=anterior edge of the

ciliary ganglion, c=posterior edge of the ciliary

ganglion, D= width of the ciliary ganglion, B-C=length

of the ciliary ganglion, ON=oculomotor nerve,

NN=nasociliary nerve, CG=ciliary ganglion, SCN=short

ciliary nerve, *= always coming between the other 2

roots and not branching from NN and nerve from

oculomotor nevre

Distance (mm)

1St 2nd

Average

A-B

B-C

D maximum

Between CG to Optic N
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CG (anterior edge )to insertion point of

lateral rectus M.

CG to lateral rectus M.

(horizontal distance)

Root to CG Number Pattern Average

1St 2nd 3rd

Motor root

Sensory root

Sympathetic root

Number of SCN

Data analysis

The statistical analysis will perform by SPSS software version 22.0 to calculate Mean
with SD and calculate correlation coefficient to evaluate association between
distance from ciliary ganglion to lateral rectus muscle (horizontal distance) and
distance from end of posterior globe to ciliary ganglion. In addition, intraobserver

variation will be also calculated for each parameter.

Ethical consideration

The human research ethics committee and the director of King Chulalongkorn

Memorial hospital have to approve this current study.
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Obstacles

1. The torn of branch of the ciliary ganglion by the dissector; therefore, the dissector
should use 3.5X magnifying surgical loupe during dissecting and be meticulous in

every steps of the dissection procedures.

2. The measurement error; therefore, the measurement process should be
performed in the same measurer and repeated 3 times per parameter. Moreover,
intra-observer variability will be calculated in every parameter and three of the

lowest reliability will be shown.

3. The distortion of the lateral rectus muscle after dissection which will cause
measurement errors; therefore, non-drying dough and clay are used to be a frame
work which is molded as the shape of whole orbital content with complete
periorbita before dissection. Moreover, dissection is not done on the medial and
lateral side of the specimen but it is opened only from the top and same frame

work will be used during measurement.

4. The origin of sympathetic root cannot be traced due to cutting sympathetic
pathway during gauging the globe; therefore we will not observe the origin of

sympathetic root but count the number of it.
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Chapter IV Results

Baseline characteristic

Distance between the ciliary ganglion and surrounding structures were
measured in 40 Thai cadavers which was fixed with 10% formalin. There were 24
(60%) male cadavers and 16 (40%) female cadavers. The mean age of these
cadavers was 73.85 years old. In addition, the standard deviation of age was 12.48
years old. From 40 globes samples, there were 6 (15%) globes coming from left eyes

and 34 (85%) globes coming from right eye (table 4).

Characteristics N = 40

Gender, Number (%)
Male 24 (60%)
Female 16 (40%)

Age (years)

Mean (SD) 73.85 (12.48)
Minimum 52
Maximum 93

Table 4. Characteristics of cadaveric samples

Data from observation and measurement include distance between the
ciliary ganglion and surrounding structures (table 8), any variations of the ciliary
ganglion position in the orbit in Thai cadavers, size of the ciliary ganglion of Thai
cadavers (table 5), characteristic of the ciliary ganglion roots (table 6,7), and number

of short ciliary nerves given off the ciliary ganglion.

To track for the ciliary ganglion, primarily nasociliary nerve and inferior
division of oculomotor nerve must be identify and then following their branch in the
direction of lateral side to optic nerve. Then nerve to inferior oblique muscle which
was a branch of inferior division of oculomotor nerve must be found, it was beneath
the inferior border of lateral rectus muscle and always sent branch to ciliary ganglion

as motor root. The important landmark of ciliary ganglion location was the point
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where ophthalmic artery crossed the optic nerve. Inferior division was identified and
track for its distribution. The superior division and inferior division were found. The
superior division passed medially above the optic nerve and innervated levator
palpebrae superioris muscle and superior rectus muscle. The inferior division was
found larger than superior division. It always gave three main branches including
nerve to medial rectus muscle, nerve to inferior rectus muscle, and nerve to inferior
oblique muscle. Moreover, nerve to medial rectus muscle was always discovered as
the first branch and it came beneath the optic nerve whilst the others came laterally

to the optic nerve.

Size of the ciliary ganglion in Thai cadavers

According to variation in shape of the ciliary ganglion from our
observation, some specimens could not be categorized as any pattern. The width
and length of the ciliary ganglion were concerned to be more important than pattern

of shape and were recorded in this study.

The mean distance from anterior edge to posterior edge of the ciliary
ganglion in axis parallel to the optic nerve was 3.5010.73 mm. The mean distance
between superior edge and inferior edge, which was perpendicular to the optic nerve

axis was 2.24+0.57 mm (table 5).

(Ciliary ganglion)

Distance Mean(mm) Maximum(mm) | Minimum(mm) | Std deviation(mm)

Anterior edge to | 3.50 5.21 1.70 0.73

posterior edge

Superior edge to | 2.24 3.95 1.39 0.57

inferior edge

Table 5. Size of the ciliary ¢anglion in Thai cadavers
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Variation in position of the ciliary ganglion

According to our observation, all specimen (n=40) had no variation in
position in the orbit. All of them located lateral to the optic nerve and medial to

lateral rectus muscle.

Pattern and number of motor (parasympathetic) root, sensory root and sympathetic
root reaching the ciliary ganglion (table 3)

Motor root (parasympathetic root)

25(62.5%) out of 40 specimens had 1 motor root (parasympathetic root). 3(7.5%) out
of 40 specimens had 1 root coming from inferior division of oculomotor nerve that
had already sent branch to medial rectus muscle (fig. 24). The other 22(55%)

specimens had 1 root from branch of nerve to inferior oblique muscle (fig. 25).

5mm

B —1

Sepsory root

Figure 24. Cadaveric dissection showing 1 motor root (parasympathetic root) comes
from inferior division of oculomotor nerve. The lateral rectus has been retracted and
cut. CG=ciliary ganglion, ION=inferior division of oculomotor nerve, IR=inferior rectus
muscle, NN=nasociliary nerve, OA=ophthalmic artery, ON=optic nerve, SCN=short

ciliary nerve, SR=superior rectus muscle.
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Nerve to 10

| 5mm|

Figure 25. Cadaveric dissection showing 1 motor root (parasympathetic root) comes
from nerve to inferior oblique muscle. The lateral rectus has been retracted and cut.
CG=ciliary g¢anglion, [O=inferior —oblique muslce, IR=inferior rectus muscle

NN=nasociliary nerve, ON=optic nerve, SCN=short ciliary nerve.



a8

7(17.5%) out of 40 specimens had 2 motor roots reaching the ciliary ganglion. 4(10%)
out of 7 specimens had both of two motor roots branched out from nerve to inferior
oblique muscle (fig. 26). The other 3(7.5%) out of 7 specimens had 1 motor root
from nerve to inferior oblique muscle, and the other branched from inferior division

of oculomotor nerve before giving off nerve to inferior oblique muscle (fig. 27).

Superior rectus m. Dptic nerve

5mm

Sensory root

Figsure 26. Cadaveric dissection representing 2 motor roots branches from nerve to
inferior oblique muscle. The lateral rectus muscle and the superior rectus muscle
have been cut. CG=ciliary g¢anglion, ION=inferior division of oculomotor nerve

NN=nasociliary nerve, SCN=short ciliary nerve.
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Figure 27. Cadaveric dissection representing 2 motor roots including 1 root branches
from nerve to inferior oblique muscle and the other branches from inferior division
of oculomotor nerve. The lateral rectus muscle and the superior rectus muscle have
been cut. CG=ciliary ganglion, ION=inferior division of oculomotor nerve, SCN=short
ciliary nerve.

1(2.5%) out of 40 specimens had 3 motor roots coming from nerve to

inferior oblique muscle (fig. 28).
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Nerve to inferior rectus n

Figsure 28. Cadaveric dissection represents 3 motor roots branching from nerve to
inferior oblique muscle. The lateral rectus muscle and the superior rectus muscle
have been cut. CG=ciliary ganglion, ION=inferior division of oculomotor nerve,

IR=inferior rectus muscle, NN=nasociliary nerve, OA=ophthalmic artery, ON=optic

nerve, SCN=short ciliary nerve.

7(17.5%) out of 40 specimens had no motor root, but ciliary ganglion lay
on either nerve to inferior oblique muscle or inferior division of oculomotor nerve.
5(12.5%) out of 7 specimens had ciliary ganglion directly attached to nerve to inferior
oblique muscle (fig. 29). The other 2(5%) specimens directly attached to inferior
division of oculomotor nerve (fig. 30). Table 6 showed pattern and number of motor

root.
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Figure 29. Cadaveric dissection shows the ciliary ganglion has no motor root. It lies
on nerve to inferior oblique muscle. The lateral rectus muscle and the superior rectus
muscle have been cut. CG=ciliary ganglion, ION=inferior division of oculomotor neve,

NN=nasociliary nerve, ON=optic nerve, SCN=short ciliary nerve.

Figure 30. Cadaveric dissection depicts the ciliary ganglion had no motor root, but

directly attaches to inferior division of oculomotor nerve. The lateral rectus muscle
and the superior rectus muscle have been cut. CG=ciliary ganglion, ION=inferior

division of oculomotor nerve, IR=inferior rectus muscle, SCN=short ciliary nerve.
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Number of Branching out pattern Number of
motor root specimens (%)
1 From nerve to inferior oblique m. 22(55%)
1 From inferior division of oculomotor n. 3(7.5%)
2 From nerve to inferior oblique m. 4(10%)
2 - 1 root from inferior division of 3(7.5%)
oculomotor n.
- The other 1 root from nerve to inferior
oblique muscle
3 From nerve to inferior oblique muscle 1(2.5%)
0 Lying on nerve to inferior oblique muscle 5(12.5%)
0 Lying on inferior division of oculomotor n. | 2(5%)

Total

40 (100%)

Table 6. Number and pattern of motor (parasympathetic) root



Sympathetic root

4(10%) out of 40 specimens could not be identified sympathetic root as
being shown in table 7. The other 36(90%) specimens had 1 sympathetic root and
always approached ciliary ganglion between motor (parasympathetic) root and sensory
root (table 7). Due to limitation of cadavers remained from student study, the origin of

sympathetic nerve could not be tracked and identified.

Number of Number of
specimens sympathetic root
36(90%) %

4(10%) 0

Table 7. Number of sympathetic root

Sensory root

All of the 40 specimens had only 1 sensory root. This root came from
nasociliary nerve and approached to ciliary ganglion in postero-superior angle. This root
was easy to identified because it located in the most superior location and branched

out from nasociliary nerve which was large and prominent.

Number of short ciliary nerves branching from the ciliary ganglion

Some specimens had short ciliary nerve contributing into two bundle
before dividing in numerous nerves, but some had no two bundle of short ciliary nerve.
The mean number of short ciliary nerve with standard deviation of short ciliary nerve
was 9+ 2 nerves. The maximum in number from our study was 14 nerves, whereas the
minimum was 6 nerves. The mode number of short ciliary nerve was 9 nerves which
was found in 7(17.5%) samples (fig. 31). The number of short ciliary nerve and the

number of samples was shown in figure 31.
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Number of specimen
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Number of short ciliary nerve

Figure 31. Scatter plot graph presents the number of samples in Y axis and the
number of short ciliary nerve in X axis
Distance between the ciliary ganglion and surrounding structures

The mean distance between anterior edge of the ciliary ganglion and
posterior end of the globe where optic nerve exit was 16.0432.83 mm. In addition,
measurement between the ciliary ganglion and lateral rectus muscle was done,
including shortest distance from the ciliary ganglion to lateral rectus muscle in
horizontal direction and distance from anterior edge of the ciliary ganglion to scleral
insertion of the lateral rectus muscle. The mean distance from the ciliary ganglion to
lateral rectus muscle in horizontal direction was 2.88710.66 mm. Moreover, the mean
distance from scleral insertion of lateral rectus muscle point to anterior edge of the

ciliary ganglion was 31.5313.67mm. The average distance between the ciliary ganglion
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and the optic nerve was also measured. It was 1.4710.4 mm. Table 8 shows all data

that was described above.

Distance Mean(mm) | Maximum(mm), | Minimum(mm) | Std
Deviation(mm)
CG to posterior 16.04 24.60 9.18 2.83

end of globe

CGto LR 2.88 4.49 1.86 0.66

(horizontal)

CGto LR’s 31.53 40.55 23.27 3.67
insertion on

sclera

CG to optic 1.47 2.44 0.81 0.4

nerve

Table 8. Distance between the ciliary ganglion and surrounding structures

*CG=ciliary ganslion, LR=lateral rectus muscle

Correlation between distance from anterior edge of ciliary ganglion to posterior
end of globe and distance from ciliary ganglion to lateral rectus muscle in
horizontal direction

Pearson correlation coefficient was used to calculate correlation between
distance from anterior edge of the ciliary ganslion to posterior end of the globe and
distance from the ciliary ganglion to lateral rectus muscle in horizontal direction. The
correlation between these two parameters was negative linear correlation. Pearson
correlation coefficient was -0.438 and it could be interpreted as moderate negative
correlation. Table 9 represented correlation between these two parameters. Figure 32
displayed scatter plot graph for these data and also included trendline for showing

negative correlation.
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AB AVG  |[CG-LRM AVG

AB AVG Pearson Correlation [1 438"
Sig. (2-tailed) 005
N 40 40

CG-LRM_AVG  Pearson Correlation |-.438" 1
Sig. (2-tailed) .005

N 40 40

**_Correlation is significant at the 0.01 level (2-tailed).

Table 9. Correlation between the distance between anterior edge of the ciliary
ganglion and posterior end of the globe and the distance from the ciliary ganglion to
the lateral rectus muscle in horizontal direction. AB_AVG= the distance between
anterior edge of the ciliary ganglion and posterior end of the globe, CG-LRM_AVG= the

distance between the ciliary ¢anglion and the lateral rectus muscle.
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25.00

20.004

15.00]

10.00-

5.004

The distance between anterior edge ofthe ciliary ganglien and p esterior end of the globe{mm)

The distance from the ciliary ganglion to lateral rectus muscle (mm)

Figure 32. Scatter plot graph shows x axis as the distance from the ciliary ganglion to
lateral rectus muscle in millimeter (mm) and Y axis as the distance between anterior
edge of the ciliary ganglion and posterior end of the globe in millimeter (mm). The

trend line represents the negative correlation is also shown.
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Chapter V Discussion
Knowledge of the ciliary ganglion anatomy and morphometric study
between surrounding structures is important for surgeons performing intraorbital
procedures”. Schacher (1701) was the first person who described about the ciliary

ganglion in the orbit"?.

After that, Winslow (1732) and Haller (1743) gave more detail about the
ciliary ganglion, including its roots and short ciliary nerves?. Since then, there has
been few studies about the ciliary ganglion especially morphometric study between it

and its surrounding structures.

Since 1960, Grimes and Von Sallmann informed about variable size and
shape of the ciliary ganglion®. Sinnreich and Nathan (1981), and Gonul and Izci (2006)
also insisted that the shape of the ciliary ganglion was varied *?. The size of the ciliary
ganglion has been depicted from Gonul and Izci (2006) study. The mean distance from
anterior edge to posterior edge of the ciliary ganglion from their report was 5.25 mm
(range 4.15-6.45 mm). Moreover, the mean width of the ciliary ganglion was 3.04 mm
(range 2.75-3.40mm). Our study also reported about the size of the ciliary ganglion
both from anterior edge to posterior edge and from superior edge to inferior edge. The
mean size which was measured from anterior edge to posterior edge was 3.5 mm
(range 1.70-5.21 mm). Whereas, the mean size measured from superior edge to inferior
edge was found 2.24 mm (range 1.39-3.95 mm). The size of the ciliary ganglion was
discovered smaller than Izci and Gonul (2006)’s report (table 12). The difference in
race between two reports was believed to affect the size of the ciliary ganglion. The
ciliary ganglion of Asian samples appeared to be smaller than European samples. The
shape of the ciliary ganglion in our study was not been reported because it was found
very varied and irregular. This finding came to agreement with the report that was

mentioned earlier.
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Inferior division of oculomotor nerve has been found three main branches
including nerves to medial rectus muscle, inferior rectus muscle and inferior oblique
muscle. Motor (parasympathetic root) of the ciliary ganglion derived from inferior
division of oculomotor nerve. It approached the ciliary ganglion in postero-inferior
angle. After parasympathetic fiber synapsed the ciliary ganglion, it would come with
the short ciliary nerve to innervate the ciliary body and iris. Sinnreich and Nathan (1981)
made observation about roots reaching the ciliary in 30 cadavers. Motor
(parasympathetic) root in their study was depicted in one motor root, two motor roots
and no motor root. Their study did not show the origin of the root in three, two, and
one motor root(s), but they did in no motor root pattern. To elucidate, the ciliary
ganglion that had no motor root directly located on either nerve to inferior oblique
muscle or inferior division of oculomotor nerve’?. Hamel et al (2012) studied about
the afferent and efferent nerves of the ciliary ganglion®®. They described motor root
as one motor root, two motor roots and no motor root which was postulated that the
absence of motor root might be due to the excess or default in the migration of neural
crest cell along cranial nerve. They also did not observe where is the point that the
motor root derived from, whereas they found the ciliary ganglion located on inferior
division of oculomotor nerve. In our study, the motor root of the ciliary ganglion is
discovered into four disposition, including three motor roots, two motor roots, one
motor root and no motor root. The nerve where they came from was also observed.
The finding of three motor roots has never described in any studies before. All three
roots branched out from nerve to inferior oblique muscle. The origin of the two motor
roots was varied. There were two dispositions. First disposition was that both of them
came from nerve to inferior oblique muscle. The other disposition was that one of
them came from nerve to inferior oblique muscle and the other came from inferior
division of oculomotor nerve. The origin of one motor root was from either nerve to
inferior oblique muscle or inferior division of oculomotor nerve. Moreover, the ciliary

ganglion that had no motor root lay on either nerve to inferior oblique muscle or
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inferior division of oculomotor nerve. This finding got along with reports of Sinnreich

and Nathan (1981) and Hamel et al (2012) as showed in table 10.

Number of Sinnreich and Nathan | Hamel et al Our study
motor root (1981) (2012)
No motor root | Yes Yes Yes
-Attach to inferior -Attach to -Attach to inferior

division of oculomotor

inferior division

division of

nerve of oculomotor | oculomotor nerve
-Attach to nerve to nerve -Attach to nerve to
inferior oblique inferior oblique
muscle muscle

1motor root Yes yes Yes

-Branch from nerve to

inferior oblique

-Branch from nerve to

inferior oblique

muscle muscle
-Branch from inferior
division of
oculomotor nerve
2 motor roots | Yes - Yes

-Branch from nerve to
inferior oblique
muscle

-Branch from inferior
division of

oculomotor nerve

3 motor roots

Yes
-Branch from nerve to
inferior oblique

muscle
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Table 10. Comparison of motor (parasympathetic) root’s number and different
finding between each study

In addition, sensory root has been reported that it always comes from

739 According to our study, the sensory root

nasociliary nerve and is always one root'
was identified in all specimens and found one root which came from nasociliary nerve

constantly.

The sympathetic fibers are formed by post ganglionic fiber from neurons
located at the superior cervical ganglion. The postganglionic fibers leave superior
cervical ganglion via internal and external carotid nerve, then form the carotid plexus

9 The sympathetic root reaching the ciliary ganglion

around internal carotid artery
could come from either directly from cavernous plexus in cavernous sinus and come
to the orbit via superior orbital fissure, or from plexus around the ophthalmic artery
which is already in the orbit'™®. There was a report fining it coming from both source
but many studies could not identify the sympathetic root reaching the ciliary ganglion
in some of their specimens'*? 142435 johnston and Parkinston (1974) believed that
the reason of unidentified sympathetic fiber was that it joined with the abducens nerve

(35) Moreover,

and were distributed with the branches of the ophthalmic nerve
Sinnreich and Nathan (1981) reported that sympathetic roots branched from either
internal carotid plexus or plexus surrounding ophthalmic artery and some specimens
could be found from both sources (table 11). In our report, 4 out of 40 specimens
could not be found sympathetic root and every identified sympathetic root were found

1 root. Due to limitation of the specimens in this study, the origin of sympathetic root

could not be observed.
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Origin Sinnreich and | Natori and Gonul and | Hamel et | Our study
Nathan Rhoton Izci (2006) | al (2012)
(1981) (1995)
N=30 N=30 N=10 N=20 N=40
Internal 17 22 10 16 NA
carotid
plexus
Plexus 2 - - - NA
around
opthalmic
artey and
its branch
Both 3 5 - - NA
No 8 3 - 4 a4
sympathetic
root

Table 11. Comparison of sympathetic root’s origin and different finding between
each study.
Izci and Gonul (2006) was the first study that depicted morphometric

study of the ciliary ganglion and its surrounding structures'”. Apart from the mean size
of the ciliary ganglion that they reported. They also measured the distance from the
ciliary ganglion and surrounding structures. The mean distance from anterior edge of
the ciliary ganglion to posterior end of the globe was reported 12 mm (range 7.75-
19.80 mm). In addition, the mean distance from the ciliary ganglion to optic nerved
was found 2.90 mm (range 2.70-3.10 mm). The mean distance from the ciliary ganglion
and lateral rectus muscle was also been reported in their study and it was 10.4 mm
(range 9.20-11.20 mm). On the report of our study, we found the mean distance from
the ciliary ganglion to posterior end of the globe was 16.04 mm (range 9.18-24.60 mm
), from the ciliary ganglion to the lateral rectus muscle was 2.88 mm (range 1.86-4.99

mm) and from the ciliary ganglion to optic nerve was 1.47 mm (range 0.81-2.44 mm).
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From both studies, it was shown that the ciliary ganglion was closer to optic nerve
than to the lateral rectus muscle. The mean distance of the ciliary ganglion to posterior
end of the globe in our study was longer than the mean distance of the previous study
(table 11). On the contrary, the mean distance between the ciliary ganglion and the
optic nerve and the mean distance between the ciliary ganglion and the lateral rectus
muscle was lesser than the mean distance in the previous study. According to our
study, we found correlation coefficient between the distance from the posterior end
of the globe to the ciliary ganglion and the distance from the lateral rectus muscle to
the ciliary ganglion in horizontal direction was -0.4. It could be conveyed that as the
distance from the ciliary ganglion increased, the distance from the ciliary ganglion to
the lateral rectus muscle decreased. The -0.4 correlation coefficient was moderate
association. As a result, a greater distance from the posterior end of the globe to the
anterior edge of the ciliary ganglion in Asian population as claimed by our report would
cause the closer between the ciliary gansglion and the lateral rectus muscle. Besides,
the difference value of the distance from the ciliary ganglion to the lateral rectus
muscle between two studies was believed to be affected by different sample size,
disparate ethnicities and the point on the lateral rectus muscle that was measured.
Therefore, awareness of the closer distance of the ciliary ganglion-lateral rectus should
be considered especially in Asian population during operation involved the lateral

rectus muscle which would be explained beneath.

Measure Gonul and Izci (2006) Our study
From To Mean (mm.) Mean(mm.)
Posterior Anterior edge | 12 16.04

end of the of the CG
globe

Anterior Posterior edge | 5.25 35
edge of the | of the CG
CG
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Superior Inferior edge | 3.04 2.24
edge of the | of the CG

CG
CG LRM 10.4 2.88
CG ON 2.90 1.47

Table 12. Comparison of morphometric study between Gonul and Izci (2006)’s
report and ours’ report

*CG = ciliary ganglion, LRM = lateral rectus muscle, ON = optic nerve.

Besides, our study was the first which included the distance measured
from the anterior edge of the ciliary ganglion to the lateral rectus muscle’s scleral
insertion. It was believed to be concerned in some procedures involving with

%6 810 The mean distance between the

manipulation of the lateral rectus muscle'
ciliary ganglion and the lateral rectus muscle’s scleral insertion was 31.53 mm (range

23.27-40.55 mm).

Short ciliary nerves were the efferent fiber from the ciliary ganglion and
also functioned as sensory tract carrying sensory signal to the ciliary ganglion. After
parasympathetic fiber (from motor root) synapsing the ciliary ganglion, it left the ciliary
ganglion by means of short ciliary nerves to innervate the ciliary body for controlling
accommodation and pupillary sphincter of iris allowing constriction of the pupil in
response to light. The sympathetic fiber was transmitted from the ciliary ganglion to
pupil dilator muscle by both short ciliary nerves and long ciliary nerve. Short ciliary
nerves also conducted sensory fiber originated from eye ball, mainly cornea to the
ciliary ganglion*# 1% On one hand, Sinnreich and Nathan (1981) found short ciliary
nerves leave the ciliary ganglion at anterior pole in three bundle and then give further
12-20 nerves'?. On the other hand, Hamel et al (2012) reported the short ciliary nerves
initially formed two bundle after leaving the ciliary ganglion. Then, each bundle gave
off 5-8 nerves®. Moreover, Izci and Gonul (2006) described the mean number of the

short ciliary nerves which was 7 nerves ( range 6-10 nerves)? (table 13). From our
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observation, the short ciliary nerves were not always form bundle constantly. So, we
focused on the number of nerve that the short ciliary nerve branched. The mean
number of the short ciliary nerved was 9 nerves (range 6-14 nerves). The mode number
of the short ciliary nerves according to our observation was 9 nerves which was found
in 7 specimens ( 17.5%). It can be observed that the number of the short ciliary nerves

of each report was hardly different.

SCN Sinnreich and | Gonul and Izci | Hamel et al Our study
Nathan (1981) | (2006) (2012)
Number 12-20 6-10 10-16 6-14

Table 13. Comparison of number of short ciliary nerve among studies

*SCN = short ciliary nerve

Girijavallabhan and Ramakrishna (2008) discovered the ciliary ganglion in
the specimen of 62 years old south Indian right eye cadaver locating superomedial to
optic nerve, beneath the superior rectus muscle and close contact to the ophthalmic

(13

artery'™®. This variation of the position of the ciliary ganglion was not found in our

study. Every specimen had the ciliary ganslion locating lateral to the optic nerve.

Parasympathetic innervation of ocular structure came from neurons in
the Edinger-Westphal preganglionic (EWpg) cell group locating at the rostral
mesencephalon and preganglionic neurons in the superior salivatory nucleus (SSN)
lying on the ventrolateral medulla. The preganglionic neuron from Edinger-Westphal
nucleus transfer fibers by means of the oculomotor nerve (CNIll) to synapse
postganglionic neuron in the ciliary ganglion, whereas the preganglionic neuron of
superior salivatory nucleus branched fiber by way of the greater petrosal branch of the
facial (VII) nerve to synapse postganglionic neuron in the pterygopalatine ganglion
(also termed the sphenopalatine ganglion). The pterygopalatine ganglion took part in
regulation of ocular blood flow and intraocular pressure (IOP). The parasympathetic
fiber from the Edinger-Westphal nucleus played an important role in pupillary near

response and pupillary light reflex. Some of parasympathetic fibers went through the
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short ciliary nerve to innervate the ciliary body for accommodation which was a part
of pupillary near response and the remaining fibers innervate pupillary sphincter for

constriction in response to light of pupillary light reflex®®.

Disruption of
parasympathetic pathway including injury to the nerve to inferior oblique muscle, the
ciliary ganglion and the short ciliary nerve resulted in mydriasis pupil and local typed
tonic pupil. Tonic pupil was divided into three type composing of Adie tonic pupil,
neuropathic tonic pupil and local tonic pupil®®. The characteristics of tonic pupil are
unilateral dilation of pupil; light near dissociation (LND) which is poor or absent

response to light but response to near; segmental palsy of the iris sphincter; and

denervation hypersensitivity to the dilute cholinergic agents”.

Many surgical procedures involved in the ciliary ganglion injury were
reported. Arai H et al (1996) described 1 out of 26 patient with intraorbital tumor who
underwent lateral orbitotomy surgery, developed anisocoria as a postoperative
complication®”. Furthermore, Kapanoslu et al (2002) showed 1 out of 8 patient had
tonic pupil as a complication after lateral orbitotomy®®. Gonul and Timurkaynak (1998)
explained the anatomical study of lateral approach of the orbit. Lateral orbitotomy
which was adequate exposure for tumors located in superior, lateral or inferior to optic
nerve, was approached laterally of the orbit. As claimed by their study, the ciliary
ganglion was located posterolateral in the orbit, medial to the lateral rectus muscle
and lateral to the optic nerve. As a consequence, retraction of the lateral rectus
muscle during lateral orbitotomy would allow the ciliary ganglion comfortably be
accessed which resulted in easily being injured®. Additionally, Inferolateral endoscopic
orbital approach (IL-EOA) to the orbit as an alternative microsurgery of lateral
orbitotomy were also involved in the ciliary ganglion injury owning to the fact that the
lateral rectus muscle is disinserted and retracted posteriorly, then not blocks these
structure®. Gonul at el (2003) studied about anatomy in the orbit during transmaxillary
approach to the orbit which offered access to the inferomedial and inferolateral orbit

and to the inferior aspect of the optic nerve. In spite of the fact that this technique as
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an alternative approach for orbital surgery was a less invasive extradural approach to
the orbit with avoiding the use of craniotomy and brain retraction and was also
cosmetically acceptable, there was still a risk of the ciliary ganglion and neurovascular
injury, especially by way of lateral approach. As these neural structure including the
inferior oblique muscle branch of the oculomotor nerve, the motor root to the ciliary

ganglion, and the short ciliary nerves escaped observation within orbital fat®.

There were a case reports about manipulation of inferior oblique muscle
during medial orbital floor fracture reconstruction caused unilateral mydriasis because
of interruption of parasympathetic pathway. It is low possibility that medial floor
fracture involved with direct ciliary ganglion injury, but manipulation of the inferior
obligue muscle was the cause of the ciliary ganglion injury. Since the inferior division
of the oculomotor nerve which sent branch to synapse the ciliary ganglion lay on the
inferior rectus muscle, manipulation of the inferior oblique muscle which joined the
capsulopalpebral fascia with the inferior rectus muscle would disturb both the inferior

rectus muscle and inferior division of oculomotor nerve®* 2%,

Hornblass also reported the association of posterior orbital floor fracture

and unilateral mydriasis pupil®

. Moreover, during inferior oblique muscle surgery as
a treatment of strabismus especially in denervation-extirpation, excessive traction on
it can cause excessive traction on the ciliary ganglion. As a result, excessive traction of

this muscle can cause injury to the ciliary ganglion directly'®

Optic nerve sheath fenestration (ONSF) is most commonly indicated in
for optic neuropathy in the setting of raised intracranial pressure, especially in patients
with severe or progressive visual loss due to pseudotumor cerebri syndrome
(PTSC)® There are many surgical approach techniques, for instance the lateral
orbitotomy approach, the medial approach and anterior medial upper eyelid crease
approach?”. The medial approach (transconjunctiva and under the medial rectus

muscle) is more popular due to less complicated technique. There was a review about
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postoperative complication after optic nerve sheath fenestration in 15 recent studies
(from 1985-2014). Many different approaches of optic nerve sheath fenestration were
taken in including medial transconjunctival, lateral transconjunctival, combined
transconjunctival and superomedial lid slit approaches. 9.7% of total 77 complications
were anisocoria from tonic pupil. Almost all of the complication was transient®”. The
ciliary ganglion was easily injured mostly via lateral approach. Moreover, Blessing and
Tse (2018) revealed a revised lateral approach for temporal optic nerve access of optic
nerve sheath fenestration which avoided rectus muscle disinsertion, abstained
orbitotomy and provided perpendicular view of the optic nerve resulting in being more
direct view than oblique view from medial approach. Despite its less invasiveness,

there was still a possibility of the ciliary ganglion injury from this technique(m).

Some ophthalmologists introduce botulinum toxin (BTX-A) injection into
the antagonist muscle of the paretic muscle to decrease adduction tone of antagonist
muscle as one of the treatment choices of strabismus. Moreover, BTX-A is used for
treatment of blepharospasm and cosmetic purpose. Five cases of transient mydriasis
from botulinum toxin (BTX-A)injection to extraocular muscles were reported in
humans.? In these five cases, after botulinum toxin injection, mostly to the lateral
rectus muscles, transient mydriasis was shown with tonic pupils. All of these cases,
mydriasis were showed temporary and only for a few weeks.® Apart from injection to
the lateral rectus muscle causing mydriasis, Christiansen et al (2016) reported 3 cases
out of 27 participants developed left eye tonic pupil after they were performed BTX-
A injection to medial rectus muscle as a treatment of esotropia®. Moreover, Akkaya et
al, 2015 found unilateral transient mydriasis and ptosis after botulinum toxin injection
for a cosmetic procedure in 36-year-old patient®. The suspected causes of occurred
tonic pupil of botulinum toxin injection in these procedure was either from
pharmacological blockage of the cholinergic activity of the iris by way of trans-sclera

diffusion or by ciliary artery perfusion, if the injection was superficial to the muscle or
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from direct injury at the parasympathetic pathway neural structures including ciliary

ganglion and short ciliary nerves in the event that injection was too deep.

As these mentioned procedures were involve with the ciliary ganglion
injury, the distance between the ciliary ganglion and surrounding structures in this
study which was the first study conducted in Asian cadavers should be concerned
during operation involved with manipulation of the lateral rectus muscle when
operating in Asian patients. Moreover, the novel parameter between the ciliary
ganglion and scleral insertion of the lateral rectus muscle from this study could be
applied in many surgeries associated with the lateral rectus muscle such as BTX-A

injection, recession and retraction of the lateral rectus muscle.

The limitation of this study was the absence of reporting about origin and
pathway of sympathetic root and also intraorbital vessels. For the reason that the
specimens which were from cadavers for medical student study were limit to track for

the origin and pathway of sympathetic root.
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Chapter VI Conclusion
Anatomical knowledge of the ciliary ganglion and its surrounding structure
was essential for surgeons to reduce the ciliary ganglion injury as postoperative

complication.

In Asian population from this study, the width and length of CG were
2.24 and 3.50 mm, respectively and was located in orbital apex, posterolateral in the
globe, lateral to optic nerve and medial to lateral rectus muscle. The size and position
of CG did not differ from the literature. Regarding this study, the motor
(parasympathetic) root of CG was discovered into four dispositions, including three
motor roots, two motor roots, one motor root and no motor root. Moreover, CG with
three motor roots has never been reported. All three roots branched out from nerve
to inferior oblique muscle. The distance between CG and surrounding structures,
which are considered useful during intraorbital procedures, were measured in Asian
population in our study. Comparing with the study in Turkey which their material and
methods were comparable to this studym, distance from CG to lateral rectus muscle
was shorter, but the distance between the posterior end of globe and anterior edge
of CG was longer in our study. Therefore, the CG in Asians might locate very close to
the lateral rectus and near the orbital apex more than the Turkish. These differences
may be due to disparate ethnicities. This result can be used for estimating the location
of CG in the orbital apex. Because of the location of CG was very close to lateral rectus
in Asians, it could be easily injured from retraction of the lateral rectus muscle during
operation of lateral orbitotomy®***"*® Therefore, awareness of CG-lateral rectus and
CG-posterior end of globe relationships should be considered especially in Asian
population during these operations. Moreover, during operation involved retraction or
recession of lateral rectus muscle, CG-lateral rectus muscle insertion which was firstly

described here should be considered to avoid CG injury @>*37%%.

Botulinum toxin type A (BTX-A) injection into the antagonist muscle of the
paretic muscle to decrease tone of antagonist muscle is used as one strabismus

treatment. Moreover, BTX-A is used for treatment of blepharospasm and for cosmetic
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purposes. There are many studies that reported temporary mydriasis, tonic pupil and
ptosis after BTX-A injection to periocular area and extraocular muscles, which
commonly occur in lateral rectus muscle injection(S). Because injection BTX-A into the
lateral rectus muscle might cause CG injury, the distance from lateral rectus muscle

insertion to CG in this study should be realized.

Optic nerve sheath fenestration (ONSF) is commonly indicated in optic
neuropathy in the setting of raised intracranial pressure, especially in patients with
severe progressive visual loss due to idiopathic intracranial hypertension (IH)?”. There
was a review about postoperative complications after optic nerve sheath fenestration
in 15 studies (from 1985-2014). Many different approaches of optic nerve sheath
fenestration were included, but tonic pupil complication was often found in the lateral
orbitotomy approach. CG injury was suspected to have an association with tonic pupil

>%)_As a result, the distance from optic nerve to CG and also the distance

complication'
between CG and lateral rectus muscle should be considered during ONSF operation
via lateral approach. These study results are useful and applicable in this operation in

Asian population.
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