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according to the Surgical Approach in Thyroid Eye Disease
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Purpose: To evaluate the changes in eyelid parameters after the endonasal approach compared with transcaruncular medial 
wall decompression combined with the transconjunctival inferior wall decompression approach with inferomedial strut pres-
ervation.

Methods: In total, 71 patients with thyroid eye disease who underwent orbital decompression were retrospectively evaluat-
ed. The data collected included Hertel exophthalmometry, marginal reflex distance 1, marginal reflex distance 2, interpalpe-
bral fissure, levator function test measures, and complications related to surgery.

Results: Proptosis reduction produced a statistically significant improvement across all decompression groups. Lower eyelid 
retraction produced a statistically significant improvement in the two-wall decompression groups but not in the one-wall de-
compression groups. No statistical difference was observed in the upper eyelid retraction and levator function after surgery 
across all decompression groups. In the post-hoc analysis, statistical improvement was not observed in the lower eyelid re-
traction between the endonasal and transcaruncular approach in the one-wall and two-wall decompression groups, although 
statistically significant exophthalmos reduction and improvement in the lower eyelid retraction was noted in the two-wall 
decompression subgroups compared with one-wall decompression subgroups.

Conclusions: Our study showed no differences in eyelid parameters between the endonasal and transcaruncular decompres-
sion approaches in one-wall and two-wall decompression. In the two-wall decompression group, proptosis reduction was 
greater with the endonasal approach than with the transcaruncular approach when the strut was preserved; however, it does 
not lead to a significant difference in the improvement of lower eyelid retraction.
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Graves disease is an autoimmune disease causing multi-
systemic involvement that includes an ophthalmologic 
complication called thyroid eye disease (TED). TED has 

various manifestations, including proptosis, limited extra-
ocular movements, eyelid changes, and visual impairment 
[1]. Orbital decompression is a known treatment option for 
these conditions [2]. Surgical techniques for orbital decom-
pression have evolved for decades. Various approaches in-
clude bony removal of medial, inferior, or lateral wall or a 
combination of these techniques, which involve drastic an-
atomical changes in the orbit. Orbital decompression there-
by affects not only changes in the degree of proptosis but 
also changes in the eyelid. For example, orbital decompres-
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sion has been shown to be effective in the improvement of 
lower eyelid retraction to some extent, but studies report 
inconclusive results for upper eyelid retraction [3-6]. Sever-
al recent studies have reported on whether decompression 
surgery with various approaches combined with eyelid sur-
gery benefits more to the patient suffering from TED with 
aesthetic rehabilitation [5,7-12]. To the best of our knowl-
edge, there is no literature comparing changes in eyelid pa-
rameters between the endoscopic and transcaruncular sur-
gical approaches to date. In this study, we aimed to evaluate 
the changes in eyelid parameters after the endoscopic and 
transcaruncular surgical approaches to the medial wall 
with or without transconjunctival inferior wall decompres-
sion to evaluate whether there is any difference in the cos-
metic outcomes between the two surgical approaches.

Materials and Methods

Study design

We conducted a retrospective clinical chart review of pa-
tients who underwent orbital decompression for TED be-
tween January 2015 and December 2018. All orbital decom-

pression surgeries were performed by one surgeon (SMK). 
We included patients who underwent orbital decompression 
for exophthalmos caused by TED, with a clinically stable 
state for at least 6 months before surgery. Patients with at 
least 6 months of follow-up were recruited. To assess 
changes in eyelid parameters caused solely by decompres-
sion, patients who underwent eyelid surgery (e.g., lower 
eyelid retractor lysis) at the same time as orbital decom-
pression or underwent eyelid surgery within 6 months of 
surgery were excluded. This retrospective study adhered to 
the tenets of the Declaration of Helsinki and was approved 
by the institutional review board of Inha University Hospi-
tal (2021-02-034). Written informed consent was waived 
due to the retrospective nature of this study.

To compare the endoscopic medial wall decompression 
approach with the transcaruncular approach, patients who 
underwent only medial wall decompression and those who 
underwent both medial wall decompression and transcon-
junctival inferior wall decompression were categorized 
into separate groups. Each group was then categorized into 
two subgroups according to the approach used for medial 
wall decompression.

Table 1. Patients’ characteristics and surgical procedures

Baseline 
demographics

Endonasal
approach

Transcaruncular 
approach p-value

Endonasal + inferior 
wall decompression 

approach

Transcaruncular 
+ inferior wall 
decompression 

approach

p-value

Patients (eyes) 24 (41) 16 (27) NA 17 (30) 14 (25) NA
Age (yr) 37.6 ± 10.5 (23–56) 30.5 ± 14.5 (19–55) 0.047* 33.4 ± 11.9 (20–60) 31.6 ± 6.9 (23–54) 0.472*

Sex 0.919† 0.307†

Male 8 5 4 6
Female 33 22 26 19

Smoking 0.798† 0.519†

Nonsmoker 31 (75.6) 22 (81.5) 26 (86.7) 19 (76.0)
Exsmoker 5 (12.2) 2 (7.4) 2 (6.7) 4 (16.0)
Current smoker 5 (12.2) 3 (11.1) 2 (6.7) 2 (8.0)

Surgical sites 0.878† 0.883†

Unilateral 7 (29) 5 (31) 4 (24) 3 (21)
Bilateral 17 (71) 11 (69) 13 (76) 11 (79)

Duration of GD (m) 52.83 (2–240) 65.33 (1–168) 0.407* 56.60 (3–121) 55.36 (6–140) 0.895*

Values are presented as number (%), mean ± standard deviation (range), or number.
NA = not applicable; GD = Graves disease.
*Independent t-test; †Chi-square test.
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Patients’ evaluation

All patients in the study were assessed for demographic 
characteristics (Table 1) and evaluated for eyelid parame-
ters, including Hertel exophthalmometry, margin ref lex 
distance (MRD) 1, MRD2, interpalpebral fissure, and leva-
tor function test, with the patient’s head firmly resting on 
the frame for the slit lamp examination in a dark room 
with the light source kept 3 m away at the same height as 
the patient’s eye. Examiners measured the eyelid parame-
ters using a ruler before surgery and 1, 3, and 6 months af-
ter surgery. Two examiners measured each parameter and 
then cross-validated the results. If the values were differ-
ent, they were measured again and a consensus was 
reached. Digital photographs were taken before surgery 
and 6 months after surgery.

Surgical procedures

1) Endoscopic medial orbital wall decompression
The procedure was performed under general anesthesia. 

Nasal vasoconstriction was applied using oxymetazo-
line-saturated cottonoid pledgets and 1% lidocaine 
(1:100,000 epinephrine) injection to the uncinate process. 
Standard endoscopic intranasal uncinectomy was per-
formed. A 45° endoscopy was used in the procedure to ex-
pose the medial orbital wall as far as the orbital apex. In 
brief, the medial orbital wall was dissected off the perior-
bita and removed using a microcurette/Freer elevator as 
far posteriorly as the junction between the lesser wing of 
the sphenoid bone and the optic canal, anteriorly as the 
maxillary line, superiorly as the ethmoid roof, and inferi-
orly as the inferomedial strut between the maxillary sinus 
and the ethmoid sinus. The periorbita was incised from the 
orbital apex to the maxillary line using a sharp knife to 
extrude orbital fat into the ethmoid sinus.

2) Transcaruncular medial wall decompression
Patients were placed under general anesthesia, after 

which local anesthetic was injected in the subconjunctival 
plane of the lower lid and medial canthus on the affected 
side. An incision was made vertically via the caruncle in 
the medial conjunctiva, with a dissection made posteriorly 
via the subconjunctival tissue and then medially in the 
preseptal plane to the posterior lacrimal crest. The perios-
teum was then incised at the posterior lacrimal crest; the 

periorbita was reflected laterally, exposing the medial or-
bital wall as far posteriorly as the orbital apex, superiorly 
as the frontal bone, and inferiorly as the strut. The lamina 
papyracea was infractured, and the bone from the posteri-
or lacrimal crest to the orbital apex and from the fron-
toethmoidal suture to the strut was removed. Total eth-
moidectomy was then performed. The periorbita was 
incised anteroposteriorly along the medial orbit, and gentle 
globe retropulsion was performed to facilitate orbital fat 
herniation into the ethmoid sinus.

3) Transconjunctival floor decompression
The inferior fornix of the lower eyelid was injected with 

lidocaine. Next, a transconjunctival incision extending 
from the caruncle to the lateral canthus was made at 4-mm 
inferior to the inferior border of the tarsal plate. With the 
conjunctiva and lower eyelid retractors on superior tension, 
blunt dissection was performed down to the arcus margin-
alis at the inferior orbital rim. The periosteum was opened 
by monopolar cautery and elevated off the orbital f loor 
with a malleable elevator. Bone medial to the infraorbital 
nerve was removed using Kerrison rongeurs, leaving the 
strut intact. The periorbita was incised using a sharp knife, 
and gentle globe retropulsion was performed to herniate 
inferior periorbital fat into the maxillary sinus. The con-
junctiva was adequately closed with absorbable sutures.

After decompression of the medial wall, exophthalmos 
was measured using Hertel exophthalmometry in the oper-
ating room. An additional decompression of the inferior 
wall via the transconjunctival approach was performed 
when the exophthalmos was >18 mm or the difference was 
>2 mm from the opposite eye. The strut was preserved 
during medial and inferior wall decompression.

Statistical analysis

Paired sample t-tests were used to compare differences 
between preoperative and postoperative values. An inde-
pendent sample t-test and chi-square test were used to 
compare demographic data. Welch’s analysis of variance 
(ANOVA) and Games-Howell (GH) post-hoc tests were 
used to compare postoperative changes between the differ-
ent surgical approaches because of unequal variances. Sta-
tistical analysis was conducted using PASW SPSS ver. 18.0 
(SPSS Inc., Chicago, IL, USA).
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Results

This study included 71 patients and 123 eyes. The mean 
age at the time of orbital decompression was 35 years 

(range, 20–62 years), and 55 patients (77%) were female. 
Twenty-four patients (41 eyes) underwent endonasal medi-
al decompression, 16 patients (27 eyes) underwent tran-
scaruncular medial decompression, 17 patients (30 eyes) 
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Fig. 1. Scatter plot showing linear correlation between proptosis reduction and lower eyelid elevation at 6 months postoperatively. 
Positive values represent postoperative improvement. (A) Entire group. (B) Endonasal approach. (C) Transcaruncular approach. (D) 
Endonasal + inferior wall decompression approach. (E) Transcaruncular + inferior wall decompression approach. MRD = margin reflex 
distance. 
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underwent endonasal medial and transconjunctival f loor 
decompression, and 14 patients (25 eyes) underwent tran-
scaruncular medial and transconjunctival floor decompres-
sion. Although most patients were nonsmokers, approxi-
mately 20% in each group were current or former smokers. 
Fifty-two patients (73%) underwent bilateral decompres-
sion surgery, and the remaining patients underwent unilat-
eral decompression surgery. Patients’ characteristics are 
summarized in Table 1.

Statistically significant postoperative improvement was 
observed in proptosis reduction across all the decompres-
sion subgroups as well as in lower eyelid retraction and in-

terpalpebral fissure between the two-wall decompression 
subgroups. Scatter plots correlating postoperative proptosis 
reduction with improvement in lower eyelid retraction are 
shown in Fig. 1A-1E. Significant correlation was noted be-
tween postoperative proptosis reduction and lower eyelid 
retraction improvement in patients who underwent orbital 
decompression except those in the transcaruncular + infe-
rior wall decompression group. No significant postopera-
tive improvement was found in MRD1 and levator func-
tion test across all decompression groups (Table 2). Based 
on previous studies and correlation analysis in this study 
indicating a correlation between MRD2 and the amount of 

Table 2. Preoperative and postoperative patient data

Clinical 
characteristics

Endonasal 
approach

Transcaruncular 
approach

Endonasal + inferior 
wall decompression 

approach

Transcaruncular 
+ inferior wall 
decompression 

approach

p-value*

Exophthalmometry (mm)
Preoperative 21.04 ± 1.81 21.30 ± 2.38 23.78 ± 1.99 22.92 ± 1.68
Postoperative† 16.88 ± 1.59 16.80 ± 2.35 17.63 ± 1.98 17.64 ± 1.80
Difference‡ 4.16 ± 1.69 4.50 ± 1.33 6.15 ± 1.39 5.28 ± 0.72 <0.001
p-value§ <0.001 <0.001 <0.001 <0.001

MRD1 (mm)
Preoperative 3.96 ± 1.13 4.18 ± 1.07 4.60 ± 1.00 4.52 ± 1.16
Postoperative† 3.86 ± 0.97 4.32 ± 1.29 4.57 ± 0.80 4.40 ± 1.07
Difference‡ 0.10 ± 0.80 -0.13 ± 0.63 0.03 ± 0.95 0.12 ± 0.51 0.439
p-value§ 0.440 0.294 0.848 0.247

MRD2 (mm)
Preoperative 5.44 ± 1.09 6.41 ± 1.58 6.28 ± 1.18 7.04 ± 1.76
Postoperative† 5.25 ± 0.89 6.09 ± 1.72 5.30 ± 0.94 6.00 ± 1.92
Difference‡ 0.18 ± 0.60 0.22 ± 0.64 0.98 ± 0.79 1.04 ± 0.71 <0.001
p-value§ 0.058 0.083 <0.001 <0.001

IPF (mm)
Preoperative 9.40 ± 1.35 10.59 ± 1.60 10.88 ± 1.92 11.56 ± 1.65
Postoperative† 9.12 ± 1.14 10.41 ± 2.27 9.87 ± 1.86 10.40 ± 1.89
Difference‡ 0.28 ± 1.15 0.09 ± 0.87 1.02 ± 1.24 1.16 ± 0.89 <0.001
p-value§ 0.125 0.617 <0.001 <0.001

LFT (mm)
Preoperative 13.11 ± 2.12 13.46 ± 2.34 12.42 ± 2.74 13.94 ± 2.32
Postoperative† 13.26 ± 2.11 13.64 ± 2.38 12.60 ± 2.71 14.38 ± 2.63
Difference‡ -0.15 ± 0.44 -0.18 ± 1.37 -0.18 ± 0.84 -0.44 ± 1.65 0.866
p-value§ 0.900 0.497 0.241 0.196

Values are presented as mean ± standard deviation.
MRD = margin reflex distance; IPF = interpalpebral fissure; LFT = levator function test.
*Welch’s analysis of variance, significant when p < 0.05; †Postoperative parameter evaluated 6 months after surgery; ‡Difference 
between preoperative and 6 months postoperative values; §Paired t-test (p < 0.05). 
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proptosis reduction, we performed one-way ANOVA to 
determine changes in the eyelid parameters associated 
with the surgical approach. Although significant difference 
in proptosis reduction was found between the two-wall de-
compression subgroups (p = 0.023, Welch’s ANOVA with 
GH test), post-hoc analysis revealed no significant differ-
ence in the lower eyelid retraction between the endonasal 
and transcaruncular groups in both one- and two-wall de-
compression subgroups (p = 0.994 and 0.993, respectively; 
Welch’s ANOVA with GH test). Two-wall decompression 
shows significant proptosis reduction, and post-hoc analy-
sis between the one-wall and two-wall decompression sub-
groups showed significant proptosis reduction between the 
endonasal approach and endonasal + inferior wall, endo-
nasal and transcaruncular + inferior wall, trancaruncular 
and endonasal + inferior wall approach (p = 0.001, 0.002, 
and 0.001, respectively; Welch’s ANOVA with GH test) but 
not between transcaruncular and transcaruncular + inferi-
or wall approach (p = 0.053, Welch’s ANOVA with GH 
test) whereas improvement of lower eyelid retraction was 
found to be significant across the post-hoc analyses be-
tween the one-wall and two-wall approaches (p = 0.383, 
Welch’s ANOVA with GH test) (Table 3).

No postsurgical complications were found that required 
eyelid surgery during the entire follow-up period. Howev-
er, 1 month after surgery, one patient (6%) exhibited a 
complication of diplopia in the endonasal and inferior de-
compression subgroups, which disappeared 3 months after 
surgery. All patients who underwent decompression 
achieved satisfactory proptosis reduction 6 months after 
surgery.

Discussion

Decompression via the endoscopic endonasal and tran-
scaruncular medial wall approaches are widely accepted 
surgical approaches for medial wall decompression [13]. 
However, these approaches have several advantages and 
disadvantages. The endoscopic endonasal approach offers 
direct access to the posterior lamina papyracea and facili-
tates complete total ethmoidectomy [14,15], which theoreti-
cally results in a higher proptosis reduction rate than with 
the transcaruncular approach. However, endoscopic endo-
nasal approach is rarely practiced by otolaryngologists, 
and it is difficult to implement when the patient has a nasal 
comorbidity, such as a deviated nasal septum. Further-
more, this approach is more frequently complicated by 
diplopia than other methods, particularly in decompression 
involving the strut [16,17]. By contrast, the transcaruncular 
approach provides easier access to the medial orbital wall. 
However, it may risk damage to the surrounding delicate 
orbital structures [18].

We focused on the change in eyelid parameters after or-
bital decompression because patients suffering from cos-
metic rehabilitation for TED exhibited improved eyelid 
protrusion after orbital decompression, although cosmetic 
problems, such as eyelid retraction, remained [7-12]. There-
fore, performing the treatment of TED in stages requires 
several surgeries and long-term outpatient visits to com-
plete rehabilitation. Thus, the time and expenses to the pa-
tient and resulting stress are considerable burdens. Howev-
er, the patient’s burden can be greatly reduced if eyelid 
retraction can be simultaneously resolved by implementing 
an individualized orbital decompression approach tailored 
to the specific eyelid problem mentioned in the patient 
complaint.

Proposed conditions that contribute to eyelid retraction 

Table 3. Post-hoc analysis of difference in parameters between baseline and 6 months after decompression

Variable* p-value†

E vs. T E vs. E + I E vs. T + I T vs. E + I T vs. T + I E + I vs. T + I
Exophthalmometry 0.790 <0.001 0.002 <0.001 0.053 0.023
MRD2 0.994 <0.001 <0.001 0.001 <0.001 0.993
IPF 0.883 0.063 0.005 0.013 0.001 0.959

E = endonasal decompression approach; T = transcaruncular decompression approach; E + I = endonasal + inferior wall decompression 
approach; T + I = transcaruncular + inferior wall decompression approach; MRD = margin reflex distance; IPF = interpalpebral fissure.
*Difference between preoperative and 6 months postoperative values; †Games-Howell test, significant when p < 0.05.
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are generally classified as eyelid retractor hyperactivity, fi-
brosis, and eyeball protrusion. These three conditions in-
teract to trigger eyelid retraction and suggest that one 
mechanism does not exclusively trigger eyelid retraction. 
In eyelid retractor hyperactivity, the upper and lower eye-
lid retractor becomes overexcited owing to direct stimula-
tion of the thyroid hormone, resulting in retraction. How-
ever, this concept does not explain why eyelid retraction 
occurs even in euthyroid patients [19-26]. In fibrosis, the 
lower eyelid retractor is intrinsically connected in the cap-
sulopalpebral fascia with the inferior rectus muscle, which 
is commonly affected in TED. Changes in the inferior rec-
tus muscle dimensions or fibrosis of the capsulopalpebral 
fascia can cause lower eyelid retraction [22-24,27-32]. 
Hence, orbital decompression alone cannot completely cor-
rect eyelid retraction.

Several recent studies reported changes in eyelid param-
eters that occur after orbital decompression. Cumulatively, 
there was no improvement in upper eyelid retraction after 
orbital decompression and there were varied outcomes in 
lower eyelid retraction, depending on the number of walls 
on which orbital decompression was performed, with an 
average improvement of 0.5–1 mm. This shows that there 
is some correlation between lower eyelid retraction and the 
degree of proptosis reduction [5,7,8].

Our study showed significant correlation between post-
operative proptosis reduction and lower eyelid retraction; 
however, there was no significant difference with respect 
to changes in the eyelid parameters between the endonasal 
and transcaruncular approaches among the one-wall and 
two-wall decompression subgroups. Similar to previous 
reports, two-wall decompression shows significant propto-
sis reduction and improvement of lower eyelid retraction 
compared with that in one-wall decompression. Interest-
ingly, the endonasal + inferior wall approach has better 
proptosis reduction effect than transcaruncular + inferior 
wall approach. The presumed reason is that although the 
strut was preserved in both the endonasal and transcarun-
cular approaches, the effect of decompression on proptosis 
reduction was somewhat diminished in the transcaruncu-
lar approach and further exaggerated by inferior decom-
pression, thereby resulting in a significant difference. 
However, post-hoc analysis of difference between the two-
wall decompression showed significant proptosis reduction 
but not in lower eyelid retraction. Further investigation is 
warranted for factors influencing the postoperative lower 

eyelid retraction changes apart from proptosis reduction.
The limitations of this study include the retrospective 

design, possible selection bias, and small sample size. In 
addition, when measured values of the eyelid parameters 
differed between the two examiners, remeasurement and 
discussion to reach a consensus were required. Therefore, 
accuracy in this study may be lower than that obtained us-
ing objective measurement methods, such as digital pho-
to-based evaluation.

To the best of our knowledge, this is the first known 
study to report differences in eyelid parameters after endo-
nasal and transcaruncular medial wall decompression 
combined with transconjunctival inferior wall decompres-
sion. This study did not show a correlation between the 
eyelid parameter and the approach of medial wall decom-
pression. It seems that the improvement in lower eyelid re-
traction is mainly owing to proptosis reduction and not the 
surgical approach. The effect of additional inferior wall 
decompression on proptosis reduction was greater with the 
endonasal approach than with the transcaruncular ap-
proach when the strut was preserved, but it does not lead 
to further improvement in lower eyelid retraction. Further 
investigation is needed on the relationship among proptosis 
reduction, lower eyelid retraction, and other factors affect-
ing postoperative lower eyelid retraction changes.
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