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Percutaneous para-levator
palpebrae superioris and
subconjunctival injection of
triamcinolone acetonide for
upper eyelid retraction in
thyroid-associated
ophthalmopathy

Mengdi Wang'?, Yanan Luan'?, Zhenbin Qian'?, Yaohua Wang'?
and Wei Fang*#*

!National Clinical Research Center of Ocular Diseases, Eye Hospital, Wenzhou Medical University,
Wenzhou, China, 2Eye Hospital of Wenzhou Medical University, Hangzhou, China

Background: Thyroid-associated ophthalmopathy (TAO) represents the most
prevalent inflammatory condition affecting the orbital region. Upper eyelid
retraction, predominantly affecting young female patients, can result in notable
cosmetic issues and psychological distress. This study aimed to evaluate the
therapeutic effectiveness and safety of percutaneous para-levator palpebrae
superioris (PLPS) injections compared to subconjunctival (SC) injections via the
upper fornix (SC) for the treatment of upper eyelid retraction secondary to TAO.
Methods: This retrospective case—control study encompassed patients with
TAO who presented exclusively with upper eyelid retraction. Participants were
categorized into either the PLPS group or the SC group based on the injection
route. The primary outcome measure was the position of the eyelid margin,
quantified by the upper margin reflex distance (MRD1). Secondary outcomes
included the incidence of complications and recurrence rates.

Results: The study enrolled 45 eyes from 45 patients, with 24 eyes in the
PLPS group and 21 eyes in the SC group. Both groups exhibited significant
improvement in upper lid retraction following treatment. In the PLPS group,
the mean reduction in MRD1 was 1.67 mm from baseline, with a complete
response rate of 45.8%, a partial response rate of 37.5%, and an overall
response rate of 83.3%. In contrast, the SC group demonstrated a mean MRD1
reduction of 1.71 mm, with complete and partial response rates of 66.7 and
14.3%, respectively, resulting in an overall response rate of 81.0%. There was
no statistically significant difference in therapeutic efficacy between the two
groups (p = 0.205). However, the incidence of elevated intraocular pressure
(IOP) was significantly lower in the PLPS group (1/24 eyes, 4.2%) than in the SC
group (6/21 eyes, 28.6%) (p = 0.024). No significant differences were observed
between the groups concerning menstrual irregularities, post-treatment ptosis,
or recurrence rates.

Conclusion: The administration of triamcinolone acetonide (TA) via PLPS
injection demonstrates comparable efficacy to SC injection for the treatment
of upper lid retraction in TAO, with a reduced incidence of elevated intraocular
pressure.
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Introduction

(TAO) is
recognized as an autoimmune disorder. It predominantly manifests in

Thyroid-associated ophthalmopathy currently
patients with Graves” hyperthyroidism, accounting for approximately
90% of cases, but it may also occur in individuals with Hashimoto’s
thyroiditis, in those with thyroid carcinoma, and, albeit rarely, in those
with hypothyroidism or euthyroid status (1, 2). The incidence of TAO
is markedly higher in women than in men, with annual incidence
rates of 16 per million in women compared to 2.9 per million in
men (3-5).

Upper eyelid retraction is the most prevalent clinical feature,
observed in approximately 58-98% of patients (6, 7). The condition
primarily affects individuals aged 20-50 years, with a peak
incidence in women in their 30s (1, 8). The asymmetry in facial
appearance resulting from eyelid retraction can lead to significant
cosmetic concern, particularly among young female patients
(9, 10).

The principal pathological mechanism underlying upper eyelid
retraction is characterized by inflammatory infiltration and fibrosis of
the levator palpebrae superioris (LPS) and Miiller'’s muscle (11-13).
Previous research has indicated that the subconjunctival (SC)
administration of triamcinolone acetonide (TA) can effectively target the
affected musculature, thereby improving eyelid aperture and appearance
(14-23). Nonetheless, the SC route necessitates the eversion of the upper
eyelid, which can pose technical challenges in patients who have
undergone double-eyelid surgery, potentially resulting in suboptimal TA
delivery. Moreover, TA administered via the SC route predominantly
impacts Miiller's muscle, with limited efficacy in reaching the
LPS. Furthermore, complications such as elevated intraocular pressure
(IOP) and glaucoma have been associated with SC injection (15, 24).

Kozaki et al. have previously demonstrated that periocular
(percutaneous intra-orbital) injections of TA targeting the region
surrounding the LPS can effectively manage inflammation and
ameliorate eyelid retraction while minimizing the risk of IOP elevation
(25). Consequently, the current study aimed to evaluate the efficacy
and safety of percutaneous para-levator palpebrae superioris (PLPS)
injections in comparison to SC injections of TA for the treatment of
upper eyelid retraction associated with TAO.

Materials and methods
Study design and ethical approval

This retrospective case—control study encompassed patients
diagnosed with TAO and upper eyelid retraction who received either
PLPS or SC TA injections between June 2022 and June 2023 at the
outpatient clinic. The study was conducted in accordance with the
principles of the Declaration of Helsinki and received approval from
the Ethics Committee of the Eye Hospital, Wenzhou Medical University
(Approval No.: H2025-031-K-30). Informed written consent was
obtained from all participants before their inclusion in the study.
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Inclusion criteria

Patients were included in the study if they met the following
conditions: 1. diagnosis of TAO based on Bartley’s criteria; 2. age >
18 years; 3. in primary gaze, the upper lid margin located at or above
the corneal limbus (upper margin limbus distance, MLD1 > 0 mm),
or an interocular difference in upper lid margin reflex distance
(MRD1) > 1 mm; and 4. for bilateral cases, the more severely affected
eye was selected for analysis.

Exclusion criteria

Patients were excluded from the study if they met any of the
following conditions: 1. proptosis > 20 mm, strabismus, restrictive
ocular motility disorders, or compressive optic neuropathy; 2. use of
systemic or local glucocorticoids, immunosuppressants, or biologics
within 3 months before treatment; 3. history of botulinum toxin
injection within the past 6 months; 4. history of orbital decompression
surgery or orbital radiotherapy; 5. presence of ocular myasthenia gravis
in the contralateral eye; and 6. IOP > 21 mmHg before the first injection.

Treatment and grouping

In this study, the therapeutic agent administered was a
triamcinolone acetonide (TA) injection (1 mL: 40 mg; Zhejiang Xianju
Pharmaceutical Co., Ltd., China). For the PLPS group, a 2-mL syringe
equipped with a 25-G needle (38 mm in length) was used. The
injection site was identified at the medial one-third of the superior
orbital rim, specifically targeting the interspace between the orbital
rim and the globe. The needle was inserted perpendicularly along the
superior orbital wall to an approximate depth of 1.5 cm, alongside the
anterior part of LPS. Before drug administration, aspiration was
performed to ensure the absence of blood. A dosage of 40 mg was
administered if the MLD1 was greater than or equal to 0 mm, and
20 mg was administered if the MLD1 was less than 0 mm. In the SC
group, following the application of topical anesthesia and eyelid
eversion, a 1-mL syringe with a 25-G needle (16 mm in length) was
employed. The needle was inserted at multiple locations, point by
point, approximately 3 mm above the upper edge of the tarsal plate. A
total of 0.5 mL (equivalent to 20 mg) of TA was evenly distributed at
multiple sites beneath the upper conjunctival fornix. Post-injection,
compression was applied to mitigate the risk of bleeding (Figure 1).

Treatment protocol and study endpoints

1. Injections were administered at intervals of 3 to 4 weeks, with
a maximum of six sessions permitted. 2. The treatment endpoint was
determined by either patient satisfaction with cosmetic improvement
or the absence of significant improvement following three
consecutive injections.
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FIGURE 1

injection.

Two triamcinolone acetonide (TA) injection techniques: (A) percutaneous para-levator palpebrae superioris (PLPS) injection; (B) subconjunctival (SC)

Outcome measures

The primary outcome was the position of the upper eyelid margin,
assessed using MRD1 and MLD1. A complete response, or cure, was
defined as both upper eyelid margins being located at or below 1 mm
above the corneal limbus (MLDI1 < —1 mm) and an interocular
MRD1 difference of < 0.5 mm. A partial response, deemed effective,
was characterized by an MRDI reduction of > 0.5 mm without
meeting the criteria for a complete response. No response, considered
ineffective, was defined as an MRD1 reduction of < 0.5 mm. The total
response rate was calculated as the sum of the complete response rate
and partial response rate.

Secondary outcomes included exophthalmometry measurements
and the assessment of complications, such as elevated IOP, ptosis, and
menstrual irregularities. Recurrence was defined as a deterioration in
eyelid position following 3 months of stability.

Statistical analysis

Quantitative data were presented as mean * standard deviation
(SD). Categorical data were expressed as counts and percentages.
Independent sample t-tests were used for normally distributed
quantitative variables; the Mann-Whitney U-test was applied for
non-normally distributed data. The chi-square test was used for
categorical variables. A p-value of < 0.05 was considered
statistically significant.

Results

A total of 45 patients (45 eyes) were included in the study. The
PLPS group comprised 24 eyes (4 male patients and 20 female
patients), with a mean age of 32.13 years, an average of 3.00 injections,
and a mean follow-up period of 8.21 months. The SC group consisted
of 21 eyes (1 male and 20 female patients) with a mean age of
36.33 years, an average of 3.24 injections, and a mean follow-up period
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of 7.45 months. No significant differences were revealed between the
two groups in terms of gender distribution, age, clinical activity score
(CAS), duration of eyelid retraction, thyroid function status, number
of injections, follow-up duration, baseline eyelid position, IOP, or
proptosis, as detailed in Table 1.

exhibited
improvements in upper eyelid retraction. In the PLPS group, the mean

Following treatment, both groups significant
MRDI1 decreased by 1.67 mm, with a complete response rate of 45.8%,
a partial response rate of 37.5%, and an overall response rate of 83.3%.
In contrast, the SC group experienced a mean MRD1 reduction of
1.71 mm, achieving a complete response rate of 66.7%, a partial
response rate of 14.3%, and an overall response rate of 81.0%. No
significant difference was revealed in treatment efficacy between the
two groups (p = 0.205). Furthermore, comparisons of post-treatment
MRD1, post-treatment MLD1, and their respective changes from
baseline indicated no significant differences between the groups
(p=0.310, 0.624, 0.364, and 0.573, respectively). Additionally, there
was no significant difference in post-treatment proptosis between the
two groups (p = 0.102; Table 2; Figure 2).

The incidence of steroid-induced ocular hypertension in the PLPS
group was 1 of 24 (4.2%), which was significantly lower than that
observed in the SC group (6/21, 28.6%, p = 0.024; Table 3). All patients
who developed elevated IOP ceased TA injections immediately. In the
PLPS group, the single case of elevated IOP returned to normal with
the administration of one topical anti-glaucoma medication. In the SC
group, three cases of elevated IOP occurred following the first
injection and three after the second injection. Five patients achieved
recovery within 3 months using standard anti-glaucoma medications.
However, one patient required a quadruple-drug regimen, yet the IOP
remained poorly controlled, leading to glaucomatous visual field
damage. This patient ultimately underwent canaloplasty, which
successfully normalized the IOP.

A relatively high incidence of menstrual irregularities was
observed in both cohorts following TA injection, with the PLPS group
exhibiting a response rate of 50.0% (10/20) and the SC group
demonstrating a response rate of 40.0% (8/20). The difference between
the groups was not statistically significant (p = 0.525; Table 3). The
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TABLE 1 Comparison of demographic and baseline clinical characteristics between the two groups.

Variable PLPS group SC group T/U/chi-square
(n = 24) (n=21) value

Gender (men/women) 4/20 1/20 1.607 0.205
Age (years) 32.13+£7.48 36.33 +7.02 1.938 0.059
Laterality (right/left) 12/12 14/7 1.275 0.259
CAS 0.79+£0.72 0.86£0.73 265 0.733
Duration of eyelid retraction (months) 548 £4.72 8.46 +10.89 265.5 0.757
Hyperthyroidism (Yes/No) 18/6 16/5 0.009 0.926
Baseline proptosis (mm) 18.10 +2.27 16.98 +2.10 -1.72 0.093
Number of injections 3.00 £1.52 3.24+148 279 0.526
Baseline MRD1 (mm) 5.63+1.14 5.60 +1.10 —0.089 0.93
Baseline MLD1 (mm) —1.02 £ 1.03 0.64 £0.98 0.062 0.951
Baseline IOP (mmHg) 14.81 +2.58 15.86 +2.76 1.317 0.195
Follow-up duration (months) 8.21+7.81 7.45 + 5.89 256.5 0.918

CAS, clinical activity score; MRD1, upper lid margin reflex distance; MLD1, upper margin limbus distance; IOP, intraocular pressure.

TABLE 2 Comparison of treatment outcomes and recurrence between groups.

Outcome PLPS group SC group T/U/chi-square p-value
(n = 24) (n=21) value
Post-treatment MRD1 (mm) 421+1.07 3.88 £ 1.06 —1.027 0.31
AMRD1 (mm) —142+1.14 —-1.71 £ 1.02 —-0.918 0.364
Post-treatment MLD1 (mm) —0.85+1.25 —1.02 £ 1.03 —0.493 0.624
AMLDI1 (mm) —1.48£1.13 —-1.67 £1.08 —0.568 0.573
Post-treatment proptosis (mm) 18.02 £ 2.14 17.00 + 1.93 —1.669 0.102
Treatment outcome (cured/Improved/ineffective) 11/9/4 14/3/4 3.174 0.205
Recurrence (n, %) 1(4.2%) 3(14.3%) 1.416 0.234

MRD1, upper lid margin reflex distance; MLD1, upper margin limbus distance. AMRD1 = post-treatment MRD1 - baseline MRD1; AMLDI = post-treatment MLD1 - baseline MLD1.

primary clinical manifestations included prolonged menstrual
duration and increased bleeding volume. All cases resolved
spontaneously within 3 months following the cessation of the drug.
Mild ptosis was noted in one patient from each group (p = 1.000).
Neither of the two cases necessitated special intervention, and both
cases resolved spontaneously within 12 months. No additional ocular
or systemic complications were observed in either group throughout
the treatment and follow-up period.

Discussion

This retrospective case-control study revealed that TA injections,
delivered through both the PLPS and SC approaches, demonstrated
comparable efficacy in the management of upper eyelid retraction
associated with TAO, with both techniques achieving an overall
effectiveness rate exceeding 80%. Nevertheless, the PLPS method was
associated with a reduced incidence of IOP elevation, notably a
significantly lower occurrence compared to the SC approach (4.2%
versus 28.6%). There was no statistically significant difference in the
incidence of menstrual irregularities or ptosis between the two
treatment groups.
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Various peri-orbital injection techniques for TAO have been
documented as both effective and safe (26-30). For example, Kozaki
et al. conducted single superior intra-orbital injections in 116 eyes of
102 patients with upper eyelid retraction, reporting a 74%
improvement rate in eyelid retraction, with no instances of elevated
intraocular pressure (IOP) (31). In comparison, our study using PLPS
injections demonstrated a slightly higher effectiveness rate of 81%,
potentially due to the multiple-injection protocol employed (mean of
3.24 injections). Similarly, the majority of the participants in our study
experienced improvement following the initial injection, while a
smaller subset required 2-3 injections to achieve satisfactory results.
In another study by Bagheri et al., 17 patients (31 eyes) with active
TAO, including cases with eyelid retraction, proptosis, and strabismus,
received combined triamcinolone and dexamethasone injections at
the superior and inferolateral orbital sites, with 3-4 treatment rounds.
The improvement rates for upper and lower eyelid retraction were 100
and 68.2%, respectively, with an IOP elevation incidence of 8.8% (32).
The results of this study indicate that increasing the frequency of
injections may improve therapeutic efficacy; however, it may also
elevate the risk of increased IOP.

SC triamcinolone injections demonstrate comparable efficacy to
peri-orbital injections but are associated with a higher likelihood of
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Pre-injection

FIGURE 2

Outcomes following PLPS TA injection. (A) Complete response of the right upper eyelid retraction (cured); (B) partial response of the left upper eyelid
retraction (improved); and (C) no response of the right upper eyelid retraction (ineffective).

Post-ihjection

TABLE 3 Comparison of complications between groups after treatment.

PLPS group
(n = 24)
Elevated IOP 1(4.2%) 6 (28.6%) 5.078 0.024* ‘
Menstrual irregularities 10/20 (50.0%) 8/20 (40.0%) 0.404 0.525 ‘
Ptosis 1(4.2%) 1 (4.8%) 0.009 1.000 ‘

IOP elevation. In a retrospective analysis conducted by Xu et al,,
involving 97 patients with TAO upper eyelid retraction (126 eyes)
treated with SC injections, the cure rate was 64.9%, the effective rate
was 22.7%, and the incidence of IOP elevation was 18.6% (15). All
18 patients who experienced elevated IOP were successfully
managed with medication or laser treatment, aligning with our
findings. In our study, seven patients developed elevated IOP: six
cases were managed with medication, while only one patient (in the
SC group) ultimately required canaloplasty to normalize IOP and
discontinue medication. The pathophysiology of TA-induced ocular
hypertension remains unclear. It is hypothesized that corticosteroids
may inhibit the degradation of the extracellular matrix and promote
the accumulation of glycosaminoglycans in the trabecular
meshwork, thereby increasing resistance to aqueous humor outflow
and resulting in elevated IOP (24, 33-35). While the majority of
patients typically experience spontaneous recovery following the
metabolism of the drug, a minority may necessitate interventions
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such as laser trabeculoplasty to enhance trabecular function or
non-penetrating surgical procedures such as canaloplasty. Compared
with peri-orbital injections, SC injections at the superior fornix place
the drug in closer proximity to the anterior chamber angle, thereby
increasing the likelihood of IOP elevation. Furthermore, depot
triamcinolone injections at the superior fornix are more challenging
to surgically remove than bulbar subconjunctival injections and pose
a higher risk of damaging the Miiller muscle or LPS, which may
result in iatrogenic ptosis (36). Consequently, PLPS injections may
be more appropriate for patients with a known predisposition to
steroid-induced ocular hypertension.

In this study, approximately 40-50% of female patients in both
cohorts experienced menstrual irregularities, which is consistent with
the study by Xu et al., which reported a 32% incidence rate (15). These
irregularities predominantly manifested as prolonged menstrual
cycles and increased menstrual bleeding, with all cases resolving
within 3 months after the cessation of drug administration. Following
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peri-orbital or subcutaneous injection, systemic absorption of
triamcinolone can penetrate the hypothalamic—pituitary-gonadal
axis. This may inhibit the pulsatile release of gonadotropin-releasing
hormone, decrease the secretion of luteinizing hormone and follicle-
stimulating hormone, and thereby cause ovulatory dysfunction and
menstrual disturbances. Furthermore, the glucocorticoid activity of
triamcinolone may suppress adrenal hormone synthesis and, through
negative feedback mechanisms, disrupt the regulation of
adrenocorticotropic hormone, indirectly impacting ovarian function
(37). Nonetheless, existing literature indicates that these alterations are
predominantly reversible and generally do not necessitate specific
medical intervention (16, 18, 22, 23).

In both groups, one patient each experienced transient, mild
ptosis, which resolved spontaneously within 12 months without
the need for specific treatment. This condition is likely attributable
to mechanical injury to the LPS or Miiller muscle fibers during the
injection, resulting in temporary muscle weakness. However, some
studies have documented cases of irreversible ptosis, potentially
associated with local steroid deposition that leads to fibrosis or
degenerative changes in the muscle and surrounding tissues,
ultimately resulting in muscle weakening or aponeurotic
laxity (38).

There was no significant change in proptosis observed before and
after treatment in either group, likely because the study exclusively
enrolled patients with isolated upper eyelid retraction. In such
instances, the pathological changes are confined to the LPS or Miiller
muscle, with minimal involvement of orbital fat inflammation and
limited impact on extraocular muscles, which accounts for the absence
of significant proptosis.

The recurrence rate was observed to be lower in the PLPS
group than in the SC group (4.2% vs. 14.3%); however, this
difference did not reach statistical significance (p = 0.234). The
underlying causes of recurrence remain undetermined. Potential
contributing factors may include variations in thyroid function,
persistently elevated levels of thyroid-stimulating hormone
receptor antibodies, or insufficient management of orbital
inflammation (15, 39).

This study has several limitations. First, the sample size was
relatively small. Although the overall effectiveness rates were
comparable between the groups, the cure rate was higher in the SC
group than in the PLPS group (66.7% vs. 45.8%, p=0.205),
necessitating validation in a larger cohort. Nevertheless, due to the
heightened risk of steroid-induced ocular hypertension associated
with SC injections, we refrained from further increasing the sample
size. Second, this study only evaluated the clinical efficacy of
triamcinolone injection for upper eyelid retraction in TAO and did
not explore factors related to treatment response or morphological
changes in the affected muscles, which could be addressed in future
research endeavors.

Conclusion

PLPS injection of TA demonstrates comparable efficacy to SC
injection in treating upper eyelid retraction in TAO, with a lower
incidence of elevated intraocular pressure. These findings provide a
valuable comparison of the safety and effectiveness of both approaches,
thereby informing treatment strategies to improve clinical outcomes
and minimize complications.
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