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Abstract 

Background In thyroid-associated ophthalmopathy (TAO), orbital decompression is a critical surgical approach 
for functional and aesthetic reasons. Meanwhile, the presence of surgical complications, especially the new onset 
of primary gaze diplopia, also influences postoperative patient satisfaction. This research investigates the effectiveness 
and potential risks associated with different orbital decompression in patients with TAO.

Methods Systematic searches were conducted to identify pertinent studies from PubMed, Embase, 
and the Cochrane Library databases. The search was completed on October 11, 2023. And after retrieval, the pub-
lication dates of the articles included in the analysis ranged from January 1, 2008, to February 22, 2023. The overall 
postoperative outcomes were determined using random-effects meta-analyses with corresponding 95% confidence 
intervals (CI). A network meta-analysis was performed to integrate both direct and indirect evidence. The primary 
outcomes were defined as the status of exophthalmos and the new onset of primary gaze diplopia.

Results From 1,538 identified records, 87 studies were selected, encompassing 5102 patients and 8,779 proce-
dures. The studies reported varying degrees of exophthalmos reduction based on different surgical techniques: 
-3.46 mm (95% CI -3.76 to -3.15 mm) for fat removal orbital decompression, -4.02 mm (95% CI -5.14 to -2.89 mm) 
for the medial wall technique, -3.89 mm (95% CI -4.22 to -3.55 mm) for the lateral wall technique, -5.23 mm (95% CI 
-5.69 to -4.77 mm) for the balanced wall technique, -3.91 mm (95% CI -4.37 to -3.46 mm) for the infero-medial wall 
technique, and − 5.80 mm (95% CI -6.47 to -5.13 mm) for the three-wall technique. The incidence of new-onset pri-
mary gaze diplopia was reported in 31 studies involving 214 out of 2001 patients, resulting in a weighted proportion 
of 0.11 (95% CI 0.06–0.14). Notably, the lowest rates were associated with the lateral approach and fat removal orbital 
decompression, with pooled proportion (95% CI) rates of 3% (1–6) and 3% (2–4), respectively, suggesting that these 
two techniques may be more effective in preventing the occurrence of this complication during the postoperative 
period.

Conclusions This meta-analysis establishes that orbital decompression is a beneficial and safe surgical approach. 
While this study enhances the evidence hierarchy for orbital decompression in treating TAO, it requires further valida-
tion through larger, prospective, and randomized studies with long-term follow-up periods.
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Background
Thyroid-associated ophthalmopathy (TAO), an organ-
specific autoimmune disorder, is the most prevalent 
adult orbital disease [1]. TAO, also named Graves’ orbit-
opathy and Graves’ ophthalmopathy, is the most frequent 
extrathyroidal manifestation of Graves’ disease. It is char-
acterized by the infiltration of inflammatory cells in the 
retrobulbar and periorbital tissues, leading to a range 
of symptoms, including eyelid retraction, edema of the 
periorbital tissues and conjunctivae, exophthalmos, ocu-
lar surface irritation symptoms, such as grittiness and 
watering, and the occurrence of restrictive strabismus 
and diplopia caused by the involvement of the extraocu-
lar muscles [2–4]. In cases of severe disease progression, 
TAO can lead to vision-threatening conditions such as 
exposure keratopathy and dysthyroid optic neuropa-
thy (DON), which can result in irreversible vision loss 
and potential disfigurement, significantly impacting the 
patient’s quality of life and mental well-being [5–10].

Depending on the activity and severity of TAO, treat-
ment options include drug therapy, orbital radiotherapy, 
surgery, or a combination [11]. Surgical interventions for 
TAO include orbital decompression, strabismus correc-
tion, and blepharoplasty. Among these, orbital decom-
pression surgery stands out as the cornerstone of surgical 
rehabilitation [12]. The orbital walls are divided into four 
segments: medial, lateral, orbital roof, and floor. Owing to 
suboptimal outcomes and the potential for severe intrac-
ranial complications, the excision of the orbital roof is 
not commonly favored. Orbital decompression is accom-
plished by removing the bony wall (typically medial, 
inferior, lateral, or combination), orbital fat, or both to 
decrease the orbital content and increase orbital vol-
ume [13]. Orbital decompression is performed urgently 
in cases of sight-threatening optic nerve compression to 
relieve optic nerve pressure, reduce retrobulbar pressure, 
restore venous outflow, increase orbital perfusion, and 
improve vision [14–16]. However, except for such emer-
gencies, rehabilitative surgery is limited to the inactive 
phase of the disease, aiming to improve visual function 
and cosmetic appearance [17].

A severe complication of orbital decompression sur-
gery is the worsening of preexisting diplopia or the 
development of new-onset diplopia [18]. Therefore, 
orbital decompression surgery still faces the challenge 
of reducing eye protrusion effectively while simulta-
neously reducing the risk of surgical complications as 
much as possible. Preoperative diplopia in TAO is pri-
marily due to extraocular muscle fibrosis [3]. In the 

preliminary stages of the disease, these muscles exhibit 
edema and inflammatory cell infiltration, progress-
ing to fibrosis and stiffening in the later stages [19]. All 
forms of orbital decompression surgery face the risk 
of exacerbating pre-existing diplopia or inducing new 
instances. Potential causes include the vulnerability of 
extraocular muscle balance, disruption of tissue planes, 
intraorbital tissue adhesions outside the extraocular 
muscles postoperative inflammatory responses lead-
ing to inconsistent resolution of soft tissue swelling, or 
reactivation of the patient’s immune response [20–22]. 
In cases where diplopia persists long-term post-stabili-
zation of the condition, strabismus correction surgery 
may be considered [23].

This research uses a meta-analysis approach to assess 
the effectiveness of various interventions for orbital 
decompression surgery in treating TAO. It also sum-
marizes information on potential complications, such 
as the new onset of primary gaze diplopia. The patients 
were categorized into six groups based on the surgical 
technique: fat removal orbital decompression, the medial 
wall only, the lateral wall only, the balanced (medial and 
lateral) wall, the infero-medial wall, and the three-wall 
(medial, lateral, and inferior). This meta-analysis was 
structured using the ‘PICO’ framework, focusing on 
patients with TAO (P) undergoing orbital decompression 
surgery (I). The study compares various surgical methods 
(C) to determine the most effective approach in reduc-
ing exophthalmos and minimizing the incidence of new-
onset primary gaze diplopia (O).

Methods
Study design
This meta-analysis was reported according to the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines and was registered 
on the Prospero platform with the registration number 
CRD42023478618 (Link:https:// www. crd. york. ac. uk/ 
prosp ero/# mypro spero) .

The primary outcomes of this meta-analysis were (1) 
an evaluation of proptosis reduction, quantified in mil-
limeters and (2) the incidence of new-onset primary gaze 
diplopia. Secondary outcomes included: (1) visual acu-
ity, assessed using logMAR best-corrected visual acu-
ity (BCVA), which refers to the best possible vision a 
patient can achieve with optimal optical correction [24]; 
(2) changes in intraocular pressure (IOP), measured in 
mmHg; (3) alterations in upper eyelid margin distance 

https://www.crd.york.ac.uk/prospero/#myprospero
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to the corneal reflex (MRD1) and lower eyelid margin 
distance to the corneal reflex (MRD2), recorded in mil-
limeters; (4) changes in visual field mean deviation (VF-
MD), quantified in decibels (dB); and (5) the assessment 
of other sequelae or complications.

Search strategy
The search was completed on October 11, 2023, and the 
preliminary inclusion encompassed all literature from 
the three databases from their inception up to this date. 
The publication dates of the articles included in the anal-
ysis ranged from January 1, 2008, to February 22, 2023. 
During our literature search, we strictly adhered to the 
Cochrane principles, meticulously designed our search 
strategy, and comprehensively searched relevant studies 
from the PubMed, Embase, and Cochrane Library (CEN-
TRAL) from their inception, focusing exclusively on arti-
cles published in English. Emtree/MeSH terms such as 
“Graves Ophthalmopathy” and “Decompression, Surgi-
cal” were used in the search algorithm, supplemented by 
relevant free terms tailored to each database. The man-
agement of these studies and removing duplicates were 
facilitated using Endnote X9.32.

Inclusion criteria
The primary criteria for including citations in this study 
were as follows: (1) Studies focused on patients with TAO 
treated through orbital decompression, including emer-
gency operation for sight-threatening DON or rehabili-
tative surgery for mild-to-moderate patients; (2) Studies 
that used purely surgical decompression without com-
bination with steroids or other ophthalmic operations; 
(3) All randomized and nonrandomized controlled stud-
ies, as well as prospective or retrospective case series of 
TAO adults; (4) Selected studies must report at least one 
primary outcome and one or more secondary outcome 
parameters; and (5) Studies published in English or with 
an English translation.

Exclusion criteria
The following studies were excluded: (1) Case reports, 
systematic reviews, conference proceedings, comments, 
and letters; (2) Studies published before 2007; (3) No rel-
evant outcomes; (4) Studies with duplicate data; and (5) 
Studies lacking a clear definition of the surgical technique 
used.

Study selection
Data extraction was carried out by a single reviewer 
(W.G.) and cross-verified for accuracy by a second 

reviewer (L.J.G.). Uncertain cases were assessed for eli-
gibility by reviewing the full texts. Any disagreements 
were resolved through discussion and finally resolved by 
the senior author (D.M.L.). Information regarding the 
research design, study period, demographic data, and 
interventional data was meticulously recorded.

Quality assessment
The quality of both direct and network meta-analysis evi-
dence was evaluated using the Newcastle–Ottawa Qual-
ity Assessment Scale (NOS). This scale has a maximum 
score of 9 points, and studies scoring above five were 
included in the meta-analysis. The final quality rating 
was established based on mutual agreement between the 
reviewers.

Statistical analysis
Statistical analyses were performed using STATA, ver-
sion 14.2 (StataCorp, College Station, TX, USA). We 
conducted both traditional pairwise and network meta-
analyses concurrently. Using a random-effects model, 
we calculated the standardized mean difference (SMD) 
for continuous outcomes, along with its 95% confidence 
interval (CI), and the odds ratio (OR) for dichotomous 
outcomes, also with its 95% CI, to serve as the pooled 
effect sizes. Besides, a traditional pairwise meta-analysis 
using random effects was executed for each intervention 
separately, utilizing the ‘mean’ command in STATA. The 
surface under the cumulative ranking curve (SUCRA) 
was utilized to rank each outcome. Additionally, a matrix 
was constructed to compare all interventions and deter-
mine if the SUCRA difference between each pair of 
interventions reached a statistically significant level. The 
threshold for statistical significance was set at p < 0.05.

Result
The characteristics of the included studies
A total of 1538 studies were initially retrieved. After 
removing duplicates, 1143 papers remained eligible for 
screening by title and abstract. Subsequently, 197 stud-
ies were evaluated for inclusion based on their full texts. 
Two investigators rigorously screened and selected 87 
studies for inclusion. The search and screening process 
used to identify relevant studies is described in Fig. 1.

A total of 87 studies, including 5102 patients and 8779 
procedures, were deemed eligible for analysis. These 
studies, published in English-language journals between 
2008 and 2023, focused on orbital decompression sur-
gery. The investigations detailed six different surgical 
methods. All included studies were either prospective or 
retrospective observational studies. Table  1 provides a 
brief description of these 87 studies.
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Quality assessment
The literature quality is conducive to supporting the 
meta-analysis, with all studies attaining Newcastle–
Ottawa Quality Assessment Scale (NOS) scores of 5 or 
higher. This indicates that the studies included in this 
research are based on moderate- to high-quality evi-
dence. The NOS scores for the included controlled stud-
ies are depicted in Supplementary Table 1.

Direct meta‑analysis
Primary outcomes
In our study, we used a random-effect model to analyze 
the outcomes of proptosis (as shown in Fig.  2) and the 
incidence of new-onset primary gaze diplopia (illustrated 
in Fig. 3).

For the proptosis outcomes, we found each of the 
following interventions to be significantly effective 
(P < 0.001): the three-wall (MD=-5.80 mm, 95% CI -6.47 
to -5.13, 20 studies), the balanced wall (MD=-5.23 mm, 
95% CI -5.69 to -4.77, 30 studies), the medial wall (MD=-
4.02 mm, 95% CI -5.14 to -2.89, 14 studies), the infero-
medial wall (MD=-3.91  mm, 95% CI -4.37 to -3.46, 19 
studies), the lateral wall (MD=-3.89 mm, 95% CI -4.22 to 
-3.55, 23 studies), and fat removal orbital decompression 
(MD=-3.46 mm, 95% CI -3.76 to -3.15, 11 studies). Het-
erogeneity values were high in all analyses.

The rate of new-onset primary gaze diplopia was 
reported in 31 studies. Of those without diplopia before 
surgery, the pooled proportion (95% CI) of the rate of 

new-onset primary gaze diplopia was 11% (6–14), which 
exhibited heterogeneous outcomes  (I2 = 85.3%, P < 0.001, 
Z = 7.01, P < 0.001). The lowest rates were associated with 
the lateral approach and fat removal orbital decompres-
sion, with pooled proportion (95% CI) rates of 3% (1–6) 
and 3% (2–4), respectively. The results were both homo-
geneous  (I2 = 0.0%, P = 0.68, Z = 2.33, P = 0.02,  I2 = 0.0%, 
P = 0.79, Z = 5.18, P<0.001).

Secondary outcomes
Eighteen of 87 studies, comprising 1072 of 8779 eyes, 
provided detailed data on ΔBCVA (measured in log-
MAR) values with standard deviations. The ΔBCVA 
was improved by 0.35 (95% CI 0.21 to 0.50) LogMAR 
in the balanced wall group, surpassing the other groups 
(as illustrated in Supplementary Fig.  1). The ranking of 
the other groups in terms of visual acuity enhancement, 
in decreasing order of effectiveness, was as follows: the 
three-wall group, the infero-medial wall group, the 
medial wall group, and finally, the lateral wall group.

The pooled proportion (95% CI) ΔIOP across 12 stud-
ies was − 2.15mmHg (95% CI -2.93 to -1.37). Notably, the 
improvement in IOP was more pronounced in the group 
undergoing the balanced wall decompression  (I2 = 56.7%, 
p = 0.042, Z = 7.45, P<0.001), as shown in Supplementary 
Fig. 2.

Through our analysis, the average change in MRD1 
was determined to be -0.41 mm (95% CI -0.69 to -0.13), 
as illustrated in Supplementary Fig.  3. Additionally, our 
meta-analysis also revealed a decrease in MRD2 follow-
ing orbital decompression surgery. The average change in 
MRD2 was − 1.12 mm (95% CI -1.49 to -0.76), as shown 
in Supplementary Fig. 4, indicating a more notable post-
operative alteration than MRD1.

Supplementary Fig. 5 depicts that among the 87 stud-
ies included in our analysis, only five provided data on 
the standard deviation of ΔVF-MD, with a pooled aver-
age ΔVF-MD of 6.92dB (95% CI 3.97–9.86), highlight-
ing a significant improvement in visual field parameters 
post-surgery.

Other complications encountered in the analyzed stud-
ies, which necessitated medical intervention, included 
hemorrhage, infection, sensory nerve damage, chemosis, 
oscillopsia, new-onset strabismus, epiphora, cerebrospi-
nal fluid leaks, dural tears, temporal hollowing, chewing 
alterations, and sinonasal issues. We used a random-
effect model to analyze the incidence of permanent 
infraorbital nerve hypoesthesia—defined as symptoms 
persisting for more than six months or having a long-
term presence—as illustrated in Supplementary Fig.  6. 
Additionally, we also analyzed the incidence of cerebro-
spinal fluid leaks, as detailed in Supplementary Fig. 7.

Fig. 1 Flow Diagram of Study Selection Process
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Table 1 Baseline characteristics of patients with thyroid-Associated Ophthalmopathy (TAO) included in the Meta-Analysis

Study Country Study 
design

Period 
of data 
collection

Patients(n) Sex(F/M) Orbits(n) Mean age(y) OD 
technique(Orbits)

Mean 
follow‑up 
(months)

Alsuhaibani 
et al.2011 [25]

Saudi Arabia RA 2003–2007 20 16:4 38 45 Medial–lateral 21(3–48)

Antisdel et al. 
2013 [26]

USA RA 2004–2010 50 39:11 86 48.6 ± 12.9 Three-wall 0.25

Baril et al. 
2014 [27]

Spain RA 2000–2010 34 NR 59 57.80 ± 11.89 Medial–lateral 24–120

Barkhuysen 
et al. 2009 
[28]

Netherlands RA 2003–2004 7 7:0 14 48.1 ± 14.2 Three-wall 24 ± 16(5–52)

Bengoa-
González 
et al. 2019 
[29]

Spain RA 2015–2017 35 26:9 58 52.6 ± 13.9 Lateral >6

Boulanouar 
et al.2020 [30]

France RA 1995–2016 136 113:23 272 44.8 Infero-medial 2–12

Byeon et al. 
2023 [31]

Korea RA 2017–2020 217 173:44 420 35.85 ± 10.06 Inferno-medial 15.6(3–30)

Chang et al. 
2008 [32]

USA RA 2004–2005 33 21:12 65 41 Lateral 9(3–18)

Chang et al. 
2013 [33]

Korea RA 2004–2008 33 23:10 33 45.0 FROD(13)
Medial–lateral(20)

36

Cheng et al. 
2018 [34]

USA RA 2003–2014 845 633:212 1604 39.6 ± 11.6 FROD 37.9 ± 24.4

Cheng et al. 
2021 [35]

China RA 2013–2019 37 28:9 52 48.27 ± 10.59 Medial–lateral(31)
Three-wall(21)

22 ± 17(3–71)

Cho et al. 
2010 [36]

USA RA 2005–2008 22 NR 36 NR Lateral 2.3

Choe et al. 
2011 [37]

USA RA 2003–2008 17 15:2 28 NR Medial(18)
Lateral(10)

22.3(1.5–52.9)

Choe et al. 
2011 [38]

Korea RA 2011–2013 24 19:5 48 34.08 ± 7.03 Medial–lateral 11.46 ± 6.55

Chu et al. 
2009 [39]

USA RA 2001–2008 48 NR 80 NR Infero-medial(32)
Three-wall(48)

4–5

Cubuk et al. 
2018 [40]

Turkey RA 1994–2014 149 89:60 248 42.3 ± 13.2 Lateral(13)
Medial-lateral(181)
Infero-medial(15)
Three-wall(39)

24–240

Curragh et al. 
2019 [41]

Australia RA 2011–2018 19 12:7 19 57.4 Medial 15.79 ± 9.32(5–
40)

Dallan et al. 
2022 [42]

Italy RA 2015–2020 8 NR 14 NR Three-wall 1

Dubin et al. 
2008 [43]

USA RA 1999–2002 24 17:7 45 52.7 ± 10.4 Medial–lateral 20.4 ± 16.8(1.4–
72)

Fichter et al. 
2015 [22]

Switzerland RA 1999–2011 111 87:24 164 48.8 ± 11.7 Lateral 16.4 ± 20.4(3-
126)

Finn et al. 
2017 [44]

USA RA 2012–2015 26 20:6 45 58.3 Infero-medial(11)
Three-wall(34)

0.66–20.36

Fu et al. 2022 
[45]

China RA 2019–2021 22 11:11 30 43.17 ± 10.11 Medial >3

Gong et al. 
2018 [46]

China RA 2016–2017 38 20:18 41 41.95 ± 12.65 Medial–lateral >3

Gu et al. 2023 
[47]

China PCS 2021–2022 23 16:7 34 45.1 ± 11.1 Lateral 6

Guo et al. 
2021 [48]

China RA 2016–2018 54 28:26 54 51.7 ± 12.5 Lateral(15)
Medial-lateral(18)
Three-wall(21)

4.2 ± 0.9(4–9)



Page 6 of 16Guo et al. BMC Ophthalmology          (2024) 24:526 

Table 1 (continued)

Study Country Study 
design

Period 
of data 
collection

Patients(n) Sex(F/M) Orbits(n) Mean age(y) OD 
technique(Orbits)

Mean 
follow‑up 
(months)

Gupta et al. 
2018 [49]

USA RA 2010–2014 48 NR 75 46.5 Medial–lateral 6

Hernández-
García et al. 
2017 [50]

Spain RA 2004–2014 20 14:6 36 51.7 Medial–lateral 44(18–84)

Hill et al. 2012 
[51]

USA RA 1995–2007 16 14:2 16 42.6 Medial NR

Hu et al. 2017 
[52]

China RA 2011–2016 55 31:24 77 52.10 ± 5.22 Three-wall 6

Juniat et al. 
2019 [53]

UK RA 2011–2018 47 NR 70 53.8 Medial(24)
Infero-medial(31)
Three-wall(15)

15.7 ± 14.8(4–
85)

Kakizaki et al. 
2011 [54]

Japan RA 2008–2010 32 20:12 47 NR Lateral(24)
Medial-lateral(23)

>6

Kim 
et al.2015 [55]

Korea RA 2011–2014 21 13:8 42 NR Medial-lateral(25)
Three-wall(8)

3

Kim 
et al.2021 [56]

Korea RA 2015–2018 71 55:16 123 35 Medial (68)
Infero-medial(55)

6

Kingdom 
et al.2015 [57]

USA RA 2002–2013 77 52:25 114 57.2 Three-wall 31.3(1-126)

Kitaguchi 
et al. 2019 
[58]

Japan RA 2013–2016 43 41:2 43 38 ± 10 Lateral >3

Korkmaz et al. 
2016 [59]

Turkey RA 2004–2010 42 17:25 68 53.5 Medial-lateral(41)
Three-wall(27)

39.3 ± 15(12–
72)

Lal et al. 2013 
[60]

India RA 2002–2010 12 2:10 24 36.5 Infero-medial 6

Lee et al. 
2014 [61]

Korea RA 2009–2012 55 NR 90 39.8 FROD(29)
Medial(15)
Infero-medial(46)

>6

Li et al. 2015 
[20]

China RA NR 11 8:3 21 45.2 ± 11.8 FROD 6

Liao et al. 
2011 [62]

Taiwan, 
China

PCS 2006–2007 22 13:9 44 37.9 ± 12.0 FROD 6

Lipski et al. 
2011 [63]

Germany RA NR 15 14:1 30 56.2 ± 10.9 Three-wall 30 ± 13

Lv et al. 2024 
[64]

China PCS 2018–2022 112 57:55 112 50.88 ± 10.51 Medial >1

Lv et al. 2016 
[65]

China RA 2006–2013 43 31:12 72 45 Medial 9 ± 3(6–18)

Maalouf et al. 
2008 [66]

France RA 1999–2001 19 17:2 36 48.4 ± 13.3 Infero-medial 43.5 ± 12

Mainville 
et al. 2014 
[67]

Canada RA 1999–2008 119 NR 212 NR Infero-medial 19.2(1–90)

Malik et al. 
2008 [68]

UK RA 1996–2002 15 13:2 20 51 Infero-medial 13(2–30)

Mehta et al. 
2011 [69]

UK RA 2007–2009 17 12:5 21 50 Lateral 11.8(9–12)

Millar et al. 
2009 [70]

Australia RA NR 7 NR 7 NR Medial-lateral 6

Murta et al. 
2021 [71]

UK PCS 2015–2017 33 22:11 54 NR Lateral(39)
Medial-lateral(3)
Three-wall(12)

>3

Nguyen et al. 
2014 [72]

USA RA 2006–2013 69 NR 108 50.4 ± 11.9 Medial-lateral 5.35
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Table 1 (continued)

Study Country Study 
design

Period 
of data 
collection

Patients(n) Sex(F/M) Orbits(n) Mean age(y) OD 
technique(Orbits)

Mean 
follow‑up 
(months)

Norris et al. 
2012 [73]

UK PCS NR 33 22:11 52 52.5 ± 9.4 FROD(6)
Lateral(13)
Medial-lateral(26)
Three-wall(7)

3

Onaran et al. 
2014 [74]

Turkey RA 2002–2008 36 20:16 72 49.3 ± 12.5 Medial-lateral 6

Park et al. 
2015 [75]

Korea RA NR 7 3:4 9 54.1 Infero-medial 6

Pereira et al. 
2022 [76]

Brazil PCS 2016–2019 42 31:11 84 NR Medial-lateral(42)
Infero-medial(42)

6

Pieroni 
Goncalves 
et al.2017 [77]

Brazil RA 2011–2013 57 40:17 105 53.6 ± 12.7 FROD(5)
Medial(2)
Lateral(40)
Medial-lateral(58)

>3

Prat et al. 
2015 [78]

USA RA 1990–2010 109 NR 217 44 FROD 3

Prevost et al. 
2020 [79]

France RA 1997–2017 191 153:38 350 NR Infero-medial 16.1 ± 23.1

Rajabi et al. 
2021 [80]

Iran PCS 2013–2019 20 11:9 20 30.3 Lateral 6

Ramesh et al. 
2019 [81]

USA PCS 2009–2011 36 8:28 60 46.5 Medial-lateral 6

Rocchi et al. 
2012 [19]

Italy RA 2002–2009 247 184:63 485 NR Lateral(97)
Medial-lateral(388)

>3

Sagili et al. 
2008 [82]

UK RA NR 10 9:1 18 49 FROD(6)
Medial-lateral(7)
Three-wall(5)

3

Schiff et al. 
2015 [83]

USA RA NR 9 NR 12 NR Infero-medial 3.4 ± 2.5

Seibel et al. 
2017 [84]

Germany RA 2012–2014 20 16:4 34 54.8 Medial(12)
Medial-lateral(22)

12

Sellari-
Franceschini 
et al.2018 [85]

Italy PCS 2012–2014 38 31:7 76 NR Lateral(38)
Medial-lateral(38)

6

Seo et al. 
2019 [86]

Korea PCS NR 40 28:12 40 36.83 ± 2.15 Infero-medial 3

She et al. 
2014 [87]

Taiwan, 
China

RA 1996–2010 25 11:14 42 51.2 Infero-medial 3

Shi et al. 2015 
[88]

China RA 2010–2014 6 2:4 12 42 ± 12 Three-wall 18(12–28)

Singh et al. 
2019 [89]

India RA 2011–2018 17 11:6 17 69 Infero-medial 12(6–40)

Sobti et al. 
2024 [90]

UK RA 2013–2017 30 NR 56 NR Lateral 3

Stähr et al. 
2019 [91]

Germany RA 2014–2016 174 NR 318 NR Medial-lateral 7.4

Takahashi 
et al. 2014 
[92]

Japan RA 2010–2012 40 NR 78 NR Lateral(61)
Medial-lateral(17)

3

Thorne et al. 
2020 [93]

USA RA 2012–2016 86 NR 131 46.6 Lateral 3

Tu et al. 2022 
[94]

China PCS 2019–2020 22 10:12 39 42.0 ± 15.7 Lateral 3.4 ± 0.7(3–5)

Ueland et al. 
2016 [95]

Norway RA 1999–2013 84 76:8 144 50 Lateral 124(13–188)
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Network meta‑analysis
Pairwise analysis of eligible comparisons
Figure  4 depicts the mesh diagrams. The nodes’ size is 
proportional to the number of trials that assessed the 
same intervention, and the thickness of the lines corre-
sponds to the number of trials with a direct comparison.

The forest plots of various surgical groups are shown in 
Supplementary Fig.  8. Notably, the three-wall approach 
represented a significant advantage in exophthalmos 
improvement. Similarly, compared with other surgical 
methods except fat removal orbital decompression, the 
lateral wall approach had a significant disadvantage in 
terms of improving logMAR BCVA. Furthermore, some 
network meta-analyses comparing two surgical methods 
in postoperative efficacy and complications revealed no 
statistically significant differences.

SUCRA ranking analysis
Upon ranking the efficacy of all surgical interventions 
using the SUCRA probabilities, it was evident that 

the three-wall approach had the highest likelihood of 
being the best intervention to improve proptosis, with 
a SUCRA score of 100%, and the least effective was fat 
removal orbital decompression, with a SUCRA probabil-
ity of only 8.1%, as illustrated in Fig. 5(a). The improve-
ment in the logMAR BCVA of all surgical interventions 
was ranked with SUCRA probabilities in Fig.  5(b). It 
clearly showed that the infero-medial wall approach 
ranked first, with a SUCRA score of 78.3%. Simultane-
ously, the lateral wall approach ranked the best in mini-
mizing the risk of new-onset diplopia, with an SUCRA 
score of 93.7%, as described in Fig. 5(c).

Median values of standardized mean differences with 
95% confidence intervals (column vs row) of the out-
comes of different surgical interventions were exhibited 
in the lower left part of Table 2.. In comparison, stand-
ardized mean differences with 95% confidence intervals 
using the ‘metan’ command were exhibited on the upper 
right of the table. Numbers in bold with darker shades 
showed statistically significant results.

Table 1 (continued)

Study Country Study 
design

Period 
of data 
collection

Patients(n) Sex(F/M) Orbits(n) Mean age(y) OD 
technique(Orbits)

Mean 
follow‑up 
(months)

Wang et al. 
2022 [96]

China PCS 2021 10 10:0 18 30.0 ± 6.8 FROD 3

Wang et al. 
2017 [97]

China RA 2013–2015 18 15:3 28 30 Infero-medial(10)
Three-wall(18)

3

Woo et al. 
2017 [98]

Korea RA 2011–2014 59 50:9 118 NR FROD(36)
Medial(22)
Infero-medial (60)

3–50

Woods et al. 
2020 [99]

Ireland RA 2004–2017 22 15:7 35 52 Infero-medial 3

Wu et al. 
2008 [100]

Taiwan, 
China

RA 2003–2006 120 89:31 222 37.8 ± 10.3 FROD 10.9 ± 5.1(6–37)

Wu et al. 
2016 [101]

USA RA 1999–2014 53 34:19 80 56.60 ± 15.4 Medial-lateral 49.89 ± 39.2

Wu et al. 
2015 [102]

China RA 2006–2013 108 74:34 206 37.66 ± 9.5 Medial 16.0 ± 4.2(12–
24)

Xu et al. 2020 
[103]

China PCS 2016–2019 60 NR 84 NR Medial-lateral(33)
Infero-medial (51)

6

Yao et al. 
2016 [104]

USA RA 2007–2014 73 NR 115 53.8 ± 12.9 Three-wall 3

Ye et al. 2023 
[105]

China RA 2020–2022 34 20:14 55 38.62 Medial >3

Yeo et al. 
2017 [106]

Korea RA 2014–2016 54 35:19 108 34.59 ± 9.72 Medial(28)
Medial-lateral(48)
Three-wall(32)

3

Yinghong 
et al.2023 
[107]

China RA 2021–2022 9 7:2 15 53.86 ± 10.05 Three-wall 8(3–13)

Zhang et al. 
2019 [108]

China RA 2015–2017 50 34:16 75 40.2 ± 13.3 Lateral(18)
Medial-lateral(24)
Three-wall(33)

3
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Publication bias
The funnel plot in Fig.  6 performs publication bias for 
included studies, revealing that most of the scatter points 
are located on both sides of the vertical line. Therefore, it 
suggested this was a reliable analysis.

Discussion
Orbital decompression surgery is typically indicated for 
TAO patients with severe vision-threatening conditions 
or those unresponsive to pharmacotherapy. With the pro-
gressive expansion of surgical indications, an increasing 
number of patients with mild to moderate TAO exhibit-
ing exophthalmos are also seeking surgical intervention 
to enhance their appearance [109]. Current prevalent 
surgical methods involve the resection of the medial, lat-
eral, and/or inferior orbital walls, either singularly or in 
combination [110]. Concurrent with the removal of the 
orbital walls, selective excision of orbital fat may also be 
undertaken. Alternatively, fat removal orbital decom-
pression can be performed so that the injury is relatively 
small, and the recovery is fast, although the surgical effect 
is limited [85].

Our current meta-analysis included 8779 procedures 
of orbital decompression managed with six surgical 
approaches, and the findings of this study indicated that 
various orbital decompression surgeries could effectively 
reduce exophthalmos and improve patients’ appearance. 

Consistent with prior research [111], our study corrobo-
rated that a greater extent of orbital wall removal corre-
lates with an increased reduction in exophthalmos. The 
three-wall decompression technique maximally ame-
liorated the degree of exophthalmos in patients, and the 
average proptosis reduction for the three-wall decom-
pressions was 5.80 mm (95% CI 5.13 to 6.47).

It is noteworthy that previous research indicated a 
positive correlation between the amount of orbital fat 
removal and the degree of reduction in exophthalmos, 
with each milliliter of fat removed correlating to reduc-
tion in exophthalmos of approximately 0.5 to 1.0  mm 
[102]. Willaert et  al. [112] systematically reviewed the 
efficacy of fat removal orbital decompression in improv-
ing exophthalmos, revealing a weighted mean difference 
in Hertel score of − 3.81  mm (95% CI -4.21 to -3.41), 
surpassing the surgical outcomes of the medial wall 
decompression (MD=-3.47 mm, 95% CI -5.81 to -1.12) 
reported in Gioacchini et  al. [113] systematic review. 
Our study, however, found that medial orbital wall 
decompression (MD=-4.02 mm, 95% CI -5.14 to -2.89) 
surpassed the efficacy of fat removal orbital decompres-
sion (MD=-3.46  mm, 95% CI -3.76 to -3.15) in reduc-
ing exophthalmos. Fat removal orbital decompression 
does not include any bone removed, but the removal 
of one or more bony orbital walls typically involves the 
selective removal of adipose tissue based on individual 

Fig. 2 Forest Plot Displaying Proptosis Reduction(mm) Outcome in Patients with TAO Following Orbital Decompression The groups are denoted 
as follows: A: fat removal orbital decompression, B: medial wall, C: lateral wall, D: balanced wall, E: infero-medial wall, and F: three-wall
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patient requirements. Therefore, a direct comparison 
between the medial orbital wall approach without fat 
removal and fat removal orbital decompression is war-
ranted in subsequent studies to assess their respective 
advantages.

Orbital decompression surgery also should endeavor 
to minimize associated complications, such as the new-
onset primary gaze diplopia. The incidence of new-onset 
diplopia reported in the literature ranged between 10% 
and 20% [17], aligning with the findings of our study. 

Fig. 3 Forest Plot Illustrating the Incidence of New-Onset Primary Gaze Diplopia in Patients with TAO Following Orbital Decompression The groups 
are denoted as follows: A: fat removal orbital decompression, B: medial wall, C: lateral wall, D: balanced wall, E: infero-medial wall, F: three-wall

Fig. 4 Network Map of Surgical Comparisons for Outcomes and Complications in TAO Treatment It includes proptosis (a), logMAR BCVA (b), 
and the rate of new-onset primary gaze diplopia (c). The groups are denoted as follows: A: fat removal orbital decompression, B: medial wall, C: 
lateral wall, D: balanced wall, E: infero-medial wall, F: three-wall
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Among patients without preoperative diplopia, the pooled 
proportion (95% CI) of new-onset primary gaze diplopia 
was 11% (6–14). The lowest rates were associated with the 
lateral approach and fat removal orbital decompression, 
with pooled proportion (95% CI) rates of 3% (1–6) and 
3% (2–4), respectively. Our study also indicated that the 
incidence of new-onset diplopia was notably greater with 

approaches that were inferior and/or medial, as diplopia 
primarily arose from centrifugal (outward from the orbital 
axis) displacement of the inferior rectus muscle path 
(towards the orbital floor) and the medial rectus muscle 
towards the ethmoidal sinus [113]. Studies [44, 114, 115] 
highlighted the critical importance of preserving the junc-
tion between the ethmoid and maxillary bones, which is 

Fig. 5 The SUCRA for Different Surgical Comparisons about Outcomes and Complications It includes proptosis (a), logMAR BCVA (b), and the rate 
of new-onset primary gaze diplopia (c). The groups are denoted as follows: A: fat removal orbital decompression, B: medial wall, C: lateral wall, D: 
balanced wall, E: infero-medial wall, F: three-wall

Table 2. Matrix of Pairwise Comparisons Among Different Surgical Methods for Efficacy and Safety (shown as mean difference and 
95% confidence intervals), including proptosis (a), logMAR BCVA (b), and the rate of new-onset primary gaze diplopia (c). The groups 
are denoted as follows: A: fat removal orbital decompression, B: medial wall, C: lateral wall, D: balanced wall, E: infero-medial wall, F: 
three-wall

F D E C B A

SUCRA (%) 100 77.0 59.7 37.1 18.2 8.1

F 0 1.69(1.02, 2.37) 2.16(1.29 3.03) 2.70(1.90, 3.50) 3.16(2.19, 4.14) 3.47(2.37, 4.58)

D ‑1.69(‑2.37, ‑1.02) 0 0.46(-0.40, 1.33) 1.00(0.34, 1.67) 1.47(0.52, 2.42) 1.78(0.74, 2.82)

E ‑2.16(‑3.03, ‑1.29) -0.46(-1.33, 0.40) 0 0.54(-0.44, 1.52) 1.01(0.08, 1.93) 1.32(0.22, 2.41)

C ‑2.70(‑3.50, ‑1.90) ‑1.00(‑1.67, ‑0.34) -0.54(-1.52, 0.44) 0 0.46(-0.58, 1.51) 0.78(-0.38, 1.93)

B ‑3.16(‑4.14, ‑2.19) ‑1.47(‑2.42, ‑0.52) ‑1.01(‑1.93, ‑0.08) -0.46(-1.51, 0.58) 0 0.31(-0.82, 1.44)

A ‑3.47(‑4.58, ‑2.37) ‑1.78(‑2.82, ‑0.74) ‑1.32(‑2.41, ‑0.22) -0.78(-1.93, 0.38) -0.31(-1.44, 0.82) 0

(a)

E F B D C

SUCRA (%) 78.3 72.9 54.9 43.4 0.6

E 0 0.02(-0.14, 0.17) 0.06(-0.11, 0.23) 0.09(-0.12, 0.29) 0.25(0.06, 0.44)

F -0.02(-0.17, 0.14) 0 0.04(-0.12, 0.20) 0.07(-0.07, 0.21) 0.24(0.10, 0.37)

B -0.06(-0.23, 0.11) -0.04(-0.20, 0.12) 0 0.03(-0.16, 0.21) 0.20(0.03, 0.36)

D -0.09(-0.29, 0.12) -0.07(-0.21, 0.07) -0.03(-0.21, 0.16) 0 0.17(0.04, 0.30)

C ‑0.25(‑0.44, ‑0.06) ‑0.24(‑0.37, ‑0.10) ‑0.20(‑0.36, ‑0.03) ‑0.17(‑0.30, ‑0.04) 0

(b)

C D F E

SUCRA (%) 93.7 70.7 27.3 8.2

C 0 2.54(0.40,16.00) 9.67(1.15, 81.07) 18.51(1.52, 225.30)

D 0.39(0.06, 2.47) 0 3.80(1.05, 13.80) 7.28(1.15, 46.16)

F 0.10(0.01, 0.87) 0.26(0.07, 0.95) 0 1.91(0.36, 10.30)

(c)
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regarded as the inferomedial support of the orbit (orbital 
strut). This particular bony structure served as a barrier 
against the inferomedial shifting of the eyeball, thereby 
lessening the occurrences of hypoglobus and preventing 
iatrogenic diplopia [116, 117].

This meta-analysis presents a novel perspective on the 
efficacy of diverse types of orbital decompression pro-
cedures in ameliorating secondary outcome indicators 
such as BCVA, IOP, MRD1, MRD2, or VF-MD among 
patients with TAO. The meta-analysis reported that the 
balanced wall technique demonstrated the most sig-
nificant improvement in improving BCVA and IOP. The 
ΔBCVA was improved by 0.35 (95% CI 0.21 to 0.50) Log-
MAR, and the pooled proportion (95% CI) ΔIOP was 
− 2.15mmHg (95% CI -2.93 to -1.37). In terms of the 
improvement of BCVA, the three-wall approach was the 
second most effective approach. Meanwhile, the compre-
hensive network comparison also offers the same insights 
into the outcomes of these two surgical interventions for 
improving BCVA related to TAO. Although the BCVA 
showed similar improvement between the balanced wall 
and three-wall groups in previous studies [35, 40, 59], it 
was clinically more marked in the three-wall decompres-
sion group.

In our study, the relatively less favorable visual improve-
ment observed in the three-wall decompression group 
compared to the balanced decompression group may be 
attributed to two potential factors. Firstly, patients cho-
sen for three-wall decompression in clinical practice may 
have worse visual function, resulting in irreversible visual 
deficits. Secondly, within one of the included studies, one 
patient whose visual acuity worsened postoperatively 
underwent three-wall decompression and suffered from 
subhyaloid hemorrhage presumed to be caused by globe 
pressure during lateral wall decompression. After exclud-
ing this particular study [41], it was discerned that the 
three-wall decompression(ΔBCVA, MD=-0.39, 95% CI 

-0.51 to -0.27) exhibited a more favorable impact on vis-
ual improvement compared to the balanced decompres-
sion (ΔBCVA, MD=-0.35, 95% CI -0.50 to -0.21) in the 
subsequent meta-analysis.

Prior research [118] has demonstrated that the high 
IOP and excessive fluctuation of IOP may be risk factors 
for developing VF defects in patients with DON. MD rep-
resented the non-specific generalized loss on the visual 
field, and increased retrobulbar pressure might lead to 
the deterioration of MD [59]. Our meta-analysis revealed 
that orbital decompression could lead to a reduction in 
IOP with a pooled average ΔIOP of -2.15mmHg (95% CI 
-2.93 to -1.37), meanwhile, a significant improvement in 
visual field parameters post-surgery with a pooled aver-
age ΔVF-MD of 6.92dB (95% CI 3.97–9.86). Thus, our 
study provided theoretical support for the possibility of 
orbital decompression surgery to improve patients’ visual 
field deficits by reducing intraocular pressure.

Meanwhile, Al-Qadi et  al. [119] recently published a 
systematic review of the efficacy of orbital decompres-
sion for the effect of upper eyelid retraction in TAO, and 
the weighted mean difference of MRD1 was − 0.35 mm 
(95% CI -0.63 to -0.08), which, although statistically sig-
nificant, represented a meager change in clinical prac-
tice. Similarly, our meta-analysis also revealed a decrease 
in MRD1 and MRD2 following orbital decompres-
sion surgery, and the average change was determined 
to be -0.41  mm (95% CI -0.69 to -0.13) in MRD1 and 
− 1.12 mm (95% CI -1.49 to -0.76) in MRD2, indicating 
that MRD2 has a more notable postoperative alteration 
than MRD1. This information may prove valuable for 
surgeons when counseling patients regarding the neces-
sity of concurrent or subsequent eyelid surgery following 
orbital decompression.

The meta-analysis has certain limitations. Initially, the 
scarcity of randomized controlled studies is noteworthy. 
Much of the included literature comprises retrospective 

Fig. 6 Funnel Plot of Different Surgical Comparisons for Outcomes and Complications in TAO Treatment It includes proptosis (a), logMAR BCVA 
(b), and the rate of new-onset primary gaze diplopia (c). The groups are denoted as follows: A: fat removal orbital decompression, B: medial wall, C: 
lateral wall, D: balanced wall, E: infero-medial wall, F: three-wall



Page 13 of 16Guo et al. BMC Ophthalmology          (2024) 24:526  

analyses and case series, which heighten the risk of bias. 
Furthermore, most clinical studies show long temporal 
spans, and the follow-up time of patients is inconsist-
ent. This phenomenon serves to obscure the potential 
influence of follow-up duration on research outcomes. 
Thirdly, the baseline characteristics across various studies 
such as patients’ inclusion criteria, surgical indications, 
surgical techniques, and assessment parameters, are not 
entirely congruent, which contributes to quite high het-
erogeneity for most of the investigated outcomes. Finally, 
the search is based on a limited number of publications 
in several bibliographic databases, which might have 
resulted in missing potential eligible studies.

Conclusions
In conclusion, despite the potential presence of cer-
tain biases in this study’s results, based on the existing 
data, it can still be inferred that orbital decompression 
surgery is effective in alleviating proptosis, and the 
most efficacious procedure is the three-wall technique. 
While the surgery may lead to new-onset primary gaze 
diplopia, the incidence remained low, especially in 
the lateral approach and fat removal orbital decom-
pression. Therefore, the choice of surgical approach 
necessitates a reasonable balance between the extent 
of fat and bone removal, the degree of exophthalmos 
reduction, and the risk of postoperative diplopia. Nev-
ertheless, conclusive evidence will require large-scale 
prospective clinical studies with long-term follow-up 
in the future.
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