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Abstract

Background Following removal of the eye, soft tissue changes of the eyelids and orbit may develop into an anophthalmic
socket (AS) syndrome, which is often attributed to orbital volume deficiency. While adequate primary orbital volume
replacement is nowadays standard of care, patients may still present with facial asymmetry. The aim of this study is to
provide insights into these changes and their impact on patient quality of life (QoL).

Methods Cross-sectional study of 59 patients with longstanding ocular prosthetic wear after enucleation or evisceration
surgery. The alignment, function, and laxity of the eyelids of the anophthalmic side were compared to those of the fellow
side. The QoL was assessed with a 4-item questionnaire specific for the prosthetic condition. The different aspects of AS
syndrome were analysed in relation to disease-specific and prosthetic data and to the patient QoL scores.

Results Clinical AS syndrome was prevalent in 53% of patients with acquired anophthalmia. The anophthalmic side was
statistically significantly different from the fellow side for the known AS syndrome features such as superior sulcus
depression, margin reflex distance 1, and enophthalmia, but also for new features such as levator muscle function and
lagophthalmia (P < 0.05). The difference was correlated with duration of prosthetic wear, prior orbital radiotherapy, and size
of the prosthesis (P <0.05). QoL scores were not correlated to the separate features of AS syndrome, except for a positive
correlation between wearing comfort of the prosthesis and upper eyelid ptosis (P < 0.05).

Conclusion Patients with an ocular prosthesis show a relatively high prevalence of one or more distinct clinical features of
AS syndrome, which do not negatively affect patient QoL. These findings underscore the importance to tailor prosthetic and
surgical treatment to the patient’s perceived QoL rather than to the objective clinical findings.

Introduction

Anophthalmic socket (AS) syndrome, also called post-
enucleation socket syndrome, may develop following the
removal of the eye and is characterized by the hallmark
feature of superior sulcus depression, along with posterior
displacement of the prosthesis, upper eyelid ptosis or
retraction, and lower eyelid laxity [1]. In addition to the
traumatic event of the loss and removal of the eye and
despite of an optimally fitted ocular prosthesis, the devel-
opment of AS syndrome causes new complications, all of
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which may adversely affect the quality of life (QoL) of the
patient [2—6].

Orbital implants are used to correct orbital volume defi-
ciency which is considered the leading cause of AS syndrome
[7]. Research has focused on the optimal shape, size and
material of the implant, surgical technique, and wrapping
material to achieve adequate volume replacement with suffi-
cient prosthesis motility and low implant extrusion rate [8, 9].
However, there is no consensus on the surgical management,
and progression to AS syndrome is still frequently encoun-
tered. Moreover, the pathophysiology of AS syndrome
remains elusive. In addition to inadequate volume replace-
ment, orbital fat atrophy, changes in the superior rectus/levator
muscle complex, gravitational burden of the orbital implant
and prosthesis and implant migration have been postulated as
underlying mechanisms of AS syndrome [10, 11].

The aim of this study is to gain insight in the clinical
spectrum of AS syndrome in patients with primary orbital
implants and to measure the impact on patient QoL.
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Table 1 Overview of the study
variables.

Demographics Disease-specific data

Prosthetic data Quality of life

Age Cause of loss of the eye Mass (g)

Gender Surgical history

Implant type and size

Years of prosthetic wear Width (mm)

Functional abilities with single vision
Volume (mL)
Height (mm)

Wearing comfort
Physical appearance and motility
Psychological well-being and social interactions

Depth (mm)

Materials and methods

All patients who visited the Orbital and Ocular Prosthetic
Unit at the University Hospitals Leuven between October
2018 and November 2019 were invited to participate in the
study. The inclusion criteria were: older than 18 years of
age, history of unilateral evisceration or enucleation with
primary orbital implant, customized optimally fitted and
properly maintained (i.e., polishing each 18 months) ocular
prosthesis since 2 years or longer, and the ability to read and
understand a questionnaire in Dutch. The exclusion criteria
were: eye removal at early age (i.e., before 18 years of age),
prior eyelid surgery, secondary orbital implant surgery, and
severe orbital volume deficiency evidenced by a small
orbital implant (i.e., spherical orbital implant diameter of
16 mm or less) and a large prosthesis (i.e., prosthetic
volume of 3 mL or more) [8]. The study protocol adhered to
the tenets of the declaration of Helsinki and was approved
by the Ethical Committee and Institutional Review Board
(B322201836522).

The following data were collected for each patient: eye
history, surgical procedure, clinical features, duration of
prosthetic wear, prosthetic features, and the scores of the
QoL questionnaire (Table 1). One observer (SR) clinically
examined the patients. Based on the presence of sunken
upper eyelid with invaginated skin between the lower eye-
brow and upper border of the prosthesis/globe, superior
sulcus depression was graded as ‘“none” when no visible
invagination; “mild” in the case of an invaginated area of
1-2 mm vertically at the nasal aspect, “moderate” for an
invaginated area of 3 mm vertically at the nasal aspect, and
“severe” for an area of >3 mm vertically of invaginated skin
involving the entire superior sulcus [12]. Palpebral fissure
height was measured with a ruler as the distance between
the upper and lower eyelid margin. The margin reflex dis-
tance (MRD) comprised the distance from the pupillary
light reflex on the prosthesis/cornea to the upper eyelid
margin (MRDI1) and lower eyelid margin (MRD2). The
levator muscle function was measured from the distance the
upper lid margin elevates in millimeters from down gaze to
up gaze while placing a finger on the patient’s brow to
cancel out the effects of the frontalis muscle. The laxity of
the upper eyelid was scored based on the visible exposed
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upper tarsal conjunctiva by lifting the lid with a finger:
grade O for no conjunctival exposure; grade 1 for less than
one third exposed conjunctiva; grade 2 for one third to one
half exposed conjunctiva; and grade 3 for more than one
half exposed conjunctiva [13]. The pinch test was used to
evaluate the laxity of the lower eyelid. The anterior dis-
placement by maximally pulling the lower eyelid from the
globe/prosthesis was measured in millimeters with a
Schirmer strip. The anterior position of the normal eye
and ocular prosthesis was assessed with Hertel
exophthalmometry.

The customized ocular prosthesis was measured as three
parameters: size, in the three-dimensional axes with a digital
Vernier caliper; weight, with a weighing scale; and volume,
with Archimedes’ water displacement method. QoL specific
for patients with an ocular prosthesis was assessed for the
following four domains: functional abilities with single
vision; wearing comfort of the ocular prosthesis; physical
appearance and motility of the ocular prosthesis; and psy-
chological well-being and social interactions. The assess-
ment comprised a concise 4-item questionnaire written in
Dutch. The questions were: “How do you rate the func-
tioning with an eye prosthesis in general and more specific
your visual functioning, how would you rate the physical
appearance with your eye prosthesis, how would you rate
the comfort with your eye prosthesis, how would you rate
your personal feelings, and social functioning with your eye
prosthesis”. Patients rated the answers on a gradual visual
analogue scale (VAS) as a continuum ranging from O for
“very poor” to 10 for “very good” [14]. Patients were asked
to fill in the form individually and were assisted where
needed.

The anophthalmic and fellow orbit were considered sta-
tistically significantly different when a P value of <0.05
(paired sample ¢ test) was found for one or more of the fol-
lowing parameters: superior eyelid sulcus depression; upper
eyelid laxity; marginal reflex distance; lagophthalmia; pal-
pebral fissure height; levator muscle function; enophthalmia;
and lower eyelid laxity. A clinically observable difference
was determined as >1 grade for superior eyelid sulcus
depression, and upper eyelid laxity; 21 mm for marginal
reflex distance and lagophthalmia; >2 mm for palpebral fis-
sure height, levator muscle function, enophthalmia, and lower
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eyelid laxity. Statistical correlation analysis was performed
using the Spearman rank test for continuous and ordinal
variables and the Kruskal-Wallis test for nominal variables.

Results

Of the 100 patients who presented between October 2018
and November 2019, 59 patients (59%) were included in the
study. Of the 41 excluded patients (41%), 17 patients (17%)
had prior eyelid surgery, 14 patients (14%) received sec-
ondary orbital implant insertion or exchange, 7 patients
(7%) had the eye removed before 18 years of age, and 3
patients (3%) had an orbital implant of 16 mm or smaller, or
a prosthetic volume of more than 3mL. The patients’
characteristics are summarized in Table 2. The mean age
was 59 years (range: 25-91 years). The patients had been
wearing a regularly fitted and properly maintained custo-
mized ocular prosthesis for a mean period of 12 years
(range: 2—63 years).

The anophthalmic side was statistically significantly
different from the other side for the following clinical fea-
tures of AS syndrome: superior eyelid sulcus depression,
MRDI, levator muscle function, lid lag, and exophthal-
mometry. The clinically observable differences were:
impaired levator muscle function (49 patients, 83%),
superior eyelid sulcus depression (41 patients, 69%), upper
eyelid ptosis (28 patients, 47%), upper eyelid retraction (14
patients, 24%), eyelid closure defect (31 patients, 53%), and
enophthalmia (31 patients, 53%) (Table 3). The mean
prosthetic volume was 2.2 mL. with a mean weight of 2.3 g,
and a mean size in height of 23.1 mm, width of 24.6 mm,
and depth of 7.5 mm. The mean domain QoL VAS score
related to the ocular prosthesis was 7.6 for functional abil-
ities with single vision, 7.8 for comfort, 7.3 for physical

appearance and motility, and 7.5 for psychological well-
being and social interactions. Various clinical features of
AS syndrome were significantly associated with disease-
and prosthetic-specific data, such as prior orbital radio-
therapy, duration of prosthetic wear, and size of the pros-
thesis (Table 4). None of the clinical aspects of AS
syndrome were associated with QoL scores, except for
upper eyelid ptosis, which was associated with increased
perceived wearing comfort of the prosthesis. There was no
association between the aetiology of the eye loss and the
development of AS syndrome.

Table 2 Characteristics of the study cohort.

N=59 (%)

Gender

Male 29 (49)

Female 30 (51)
Cause of eye loss

Oncology 28 (47)

Trauma 10 (17)

Medical (panophtalmia, glaucoma) 21 (36)
Eye removal surgery

Enucleation 36 (61)

Evisceration 23 (39)
Orbital implant

Acrylic sphere* 50 (85)

Allen 6 (10)

Unknown 3(5)
*Diameter

18 mm 9 (18)

20 mm 25 (50)

22 mm 16 (32)

*Statistically significant.

Table 3 Difference in clinical
findings between anophthalmic
and normal orbit.

Clinical measurement Mean SD P value Clinically A>F (%) F>A (%)
observable (%)
Levator function (mm) —4.03 3.10 <0.0001® 49 (83) 0 () 49 (100)
Marginal reflex distance 1 (mm) —0.75 1.95 0.011® 42 (71) 14 (33) 28 (67)
Superior eyelid sulcus 1.19 0.99 <0.0001® 41 (69) 41 (100) 0 (0)
depression (grade)
Marginal reflex distance 2 (mm) 0.12 1.70  0.750 35 (59) 20 (57) 15 (43)
Lagophthalmia (mm) 1.47 249 0.0001® 32 (54) 31 (97) 13
Enophthalmia (mm) 1.88 1.65 <0.0001® 32 (54) 31 (97) 13
Lower eyelid laxity (mm) —0.53 243 0244 27 (46) 12 (44) 15 (56)
Upper eyelid laxity (grade) 0.24 0.68 0.109 27 (46) 21 (78) 6 (22)
Palpebral fissure height (mm) —-0.62 2.07 0.103 26 (44) 7 (27) 19 (73)

A > F clinical feature of AS syndrome which is larger/higher at the anophthalmic (A) side than fellow (F)
side, F > A fellow side (F) larger/higher than anophthalmic (A) side.

@Statistically significant.
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Table 4 Association of clinical features of anophthalmic socket
syndrome with disease-specific and prosthetic data.

Aspects of the anophthalmic Associated variable P value
socket syndrome
Superior eyelid sulcus Orbital radiotherapy 0.007®
depression Height of prosthesis 0.057
Years of prosthetic wear 0.074
Depth of the prosthesis  0.092
Comfort 0.094
Palpebral fissure height Comfort 0.014®
Orbital radiotherapy 0.015®
Marginal reflex distance 1 Years of prosthetic wear 0.044®
Type of implant 0.075
Marginal reflex distance 2 Width of the prosthesis  0.059
Female gender 0.089
Levator function Years of prosthetic wear 0.002®
Orbital radiotherapy 0.006®
Female gender 0.015®
Lagophthalmia Orbital radiotherapy 0.003®
Years of prosthetic wear 0.046®
Physical appearance 0.052
Social interaction 0.081
Enophthalmia Width of the prosthesis  0.017®
Male gender 0.039@
Psychology and well- 0.091
being
Years of prosthetic wear  0.099
Upper eyelid laxity Orbital radiotherapy 0.004®
Weight of the prosthesis 0.066
Volume of the prosthesis  0.090
Lower eyelid laxity Female gender 0.015®
Orbital radiotherapy 0.021®
Years of prosthetic wear 0.025®
Depth of the prosthesis ~ 0.087

@Statistically significant.

Discussion

To our knowledge, this is the first study to correlate clinical
findings with QoL in patients with an ocular prosthesis. We
demonstrated that clinical AS syndrome is prevalent in 53%
of patients with acquired anophthalmia, with new findings
of impaired levator muscle function and lagophthalmia, and
that none of these features decreased patient QoL. The
relatively high QoL of living with an ocular prosthesis is in
line with a previously reported satisfaction rate of 78% [15],
although inclusion bias from patients willing to participate
in the study may confound the subjective scoring.

Sulcus superior depression and enophthalmos are typical
clinical signs of orbital volume deficiency. We found no
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association between superior sulcus depression and implant
size in our study cohort. While some degree of orbital volume
loss is inevitably present despite optimally sized implants,
other factors such as the position of the implant and the shape
and volume of the prosthesis also play a role in the superior
sulcus configuration [16, 17]. Kaltreider and Lucarelli
demonstrated that 85% of patients with superior sulcus
deformity and prosthetic enophthalmos were successfully
corrected with adequate orbital volume replacement [8, 18].
Accurate sizing and posterior positioning of the implant
remain imperative to reduce development of AS syndrome
[16, 17]. Enophthalmos of the prosthesis at an average of 2
mm was encountered in 54% of our patients, which is in line
with the study of Kaltreider and Lucarelli [8]. Routine gen-
erous volume correction, with a large-sized spherical orbital
implant (i.e., 22mm diameter or more) or with a bulky
prosthesis, is however discouraged as it promotes new, or,
increases preexisting lagophthalmia and eyelid closure defects,
with negative impact on wearing comfort. However, lagoph-
thalmia, present in 54% of our patients, was not associated to
the size and volume of the prosthesis and implant. As the QoL
for wearing comfort and physical appearance was not
impaired in our study patients with sulcus superior depression
and enophthalmos, we may conclude that surgeons and ocu-
larists are more concerned about these clinical features of
volume loss than the patients themselves [19].

The levator muscle function was clearly impaired at the
anophthalmic side, affecting 83% of the patients, and was
not associated with eyelid malposition such as ptosis or
retraction (Fig. 1). Kim and Khwarg postulated the relative
changes in the levator muscle pathway and its reduced
resting length as the mechanism of reduced levator function
in anophthalmic sockets [20]. The push-up effect of a ver-
tically enlarged prosthesis can shift the pivot point ante-
riorly and superiorly with subsequent correction of the
eyelid malfunctioning and malpositioning. On the other
hand, impaired levator function can also be caused by
volume deficiency related to small orbital implants [17, 20].
Accordingly, positioning the implant deep into the orbit can
improve the upper eyelid function and height [20, 21]. The
possible role of the superior rectus muscle in impaired
levator muscle function was not investigated in this study.
Nevertheless, impaired function of the levator muscle did
not negatively affect QoL.

Upper eyelid ptosis as part of AS syndrome is con-
troversial [1]. While often considered a dominant feature of
AS syndrome, ptosis is reportedly present between 2 and
25% of AS syndrome [21-23]. Conversely, upper lid
retraction was described by Smit et al. as an aspect of loss of
orbital volume, particularly in patients without an implant,
and was attributed to the rotational backward tilting of the
superior levator/rectus muscle complex [7]. In our series,
ptosis was more prevalent than retraction and was not
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Fig. 1 Clinical aspects of
anophthalmic socket
syndrome. The white boxes
represent the previously
described features and the gray
boxes the additional new
findings of this study.

Superior Sulcus
Depression

Impaired Levator Muscle Function

correlated with implant size. Repetitive manipulation of the
eyelid to insert and remove the ocular prosthesis may stretch
the muscular tissues [24]. Dehiscence of the levator muscle
in this setting may be analogous to the pathogenesis of
ptosis in prolonged contact lens wear, eye rubbing, and
floppy eyelid syndrome [25, 26]. Because laxity of the
anophthalmic upper eyelid was not associated with ptosis,
altered positioning rather than elongation of the tissues
seems to be the underlying mechanism. Prolonged pros-
thetic wear in predisposed patients is a possible other cau-
sative factor. In an effort to accommodate the height of the
upper eyelid, the size and shape of the prosthesis can be
adapted, however for ptosis, often at the expense of indu-
cing lagophthalmia [27]. Interestingly, the presence of
anophthalmic ptosis was associated with increased QoL for
wearing comfort of the prosthesis. This may be explained
by the small evaporation area from a reduced interpalpebral
surface of the prosthesis. Retraction, on the other hand, was
associated with prolonged prosthetic wear. The aetiology of
this complication remains however unknown and is likely
multifactorial. Orbital volume deficiency and the mechan-
ical effects of the orbital implant and the prosthesis are
significant contributory factors [21].

Laxity of the lower eyelid has been described as part of
the AS syndrome and is believed to be derived from grav-
itational forces from the prosthesis, which alter the vectors
of the lower eyelid and orbital septum [28]. In our study
cohort, lower eyelid laxity was not highly prevalent (20%)
as opposed to an incidence of 46% in the study of Kash-
kouli et al. [29]. Laxity was associated with a short history
of prosthetic wear but not to a large prosthetic volume [18].
A possible explanation for the low prevalence of lower lid
laxity is the small volume and reduced weight of the
prosthesis in our study cohort, which was one of the
inclusion criterions.

Upper Eyelid Ptosis or
Retraction
Posterior Displacement
of the Prosthesis

Anophthalmic
Socket

Syndrome

Lower Eyelid Laxity

Lagophthalmia

The limitations of this study are the cross-sectional
design and the lack of data on orbital volume from volu-
metric imaging studies. Further, the absence of patients with
a porous implant and dermis fat graft, and glass or stock
eyes, in our study cohort precludes translation of the results
to all patients with a prosthesis. In some patients informa-
tion was lacking on the surgical technique and implant
wrapping, which are factors that can influence the occur-
rence of AS syndrome. However, we believe the study
cohort is a representative sample of patients with acquired
anophthalmia without apparent socket complications.

In conclusion, most patients with acquired anophthalmia
and a primary orbital implant have one or more distinct
clinical features of AS syndrome without a negative impact
on patient QoL. These findings underscore the importance
to tailor prosthetic and surgical treatment to the patient’s
perceived QoL rather than to objective clinical findings. It
raises the awareness to introduce ocular prosthesis-specific
QoL assessment in the daily clinical management of
patients with anophthalmia.

Summary
What was known before

e Despite adequate primary orbital volume replacement,
AS syndrome still presents.

What this study adds
e Clinical AS syndrome is prevalent in 53% of patients

with acquired anophthalmia, but does not lower
patient QoL.
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