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Objective: To report the physiological monitoring of intraocular pressure (IOP) during the 

postoperative periods after orbital decompression surgery and ascertain the correlation between 

the clinical factors and IOP changes.

Methods: The medical records of 113 orbits from 60 patients who underwent orbital decompres-

sion surgery were reviewed retrospectively. IOP measurement during the postoperative periods 

was classified based on the postoperative day: week 1 (1–7 days), month 1 (8–41 days), month 2 

(42–70 days), month 3 (71–97 days), month 4 (98–126 days), and final (after 127 days). The 

mean postoperative follow-up was 286.5 days for orbits with at least 6 months of follow-up. 

Univariate and multivariate linear regression analyses were performed to assess the correlation 

between the IOP reduction percentage and clinical factors.

Results: The mean IOP increased from 16.9 to 18.6 mmHg (10.1%) at postoperative week 1 

and decreased to 14.4 mmHg (14.5%) after 2 months. Minimal little changes were observed 

postoperatively in the IOP after 2 months. Preoperative IOP had a significant positive effect on 

the reduction percentage both at postoperative week 1 (β=2.51, P=0.001) and after 2 months 

(β=1.07, P=0.029), and the spherical equivalent showed a positive correlation with the reduction 

level at postoperative week 1 (β=1.71, P=0.021).

Conclusion: Surgical decompression caused a significant reduction in the IOP in thyroid-

associated orbitopathy, and the amount of reduction was closely related to preoperative IOP; 

however, it may also cause a transient elevation in the IOP during the early postoperative phase 

in highly myopic eyes.

Keywords: Graves’ ophthalmopathy, intraocular pressure, myopia, physiologic monitoring, 

postoperative periods, surgical decompression

Introduction
Thyroid-associated ophthalmopathy (TAO) causes multiple ophthalmic problems, 

including proptosis, diplopia, eyelid retractions, exposure keratitis, optic neuropathy, 

and cosmetic disfiguration.1 Further, elevation of intraocular pressure (IOP) is a 

well-known complication of TAO. Possible mechanisms for IOP elevation include 

secondary elevation of the episcleral venous pressure (EVP) by orbital congestion,2 

increased retrobulbar pressure,3 restriction and compression of the globe by contraction 

of extraocular muscles,4,5 and mucopolysaccharide deposition in the trabecular 

meshwork.6

Although, the main purpose of the orbital decompression is not to decrease IOP, 

previous studies have reported that IOP reduction may be caused due to orbital decom-

pression surgery.7–11 Moreover, previous studies on the effect of orbital decompression 

surgery on IOP revealed IOP reduction after surgery; however, IOP increased within 
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2 weeks after orbital decompression in our experience. In 

addition, the clinical factors that influence IOP change have 

not been researched, and limited literature is available.

The purpose of this study is to evaluate the change in 

IOP after orbital decompression surgery and to ascertain the 

clinical factors affecting IOP change. The results of this study 

can aid in predicting IOP changes after orbital decompression 

surgery in TAO patients in a clinical setting.

Methods
This study adhered to the tenets of the Declaration of 

Helsinki, and Institutional Review Board approval was 

obtained from the Chung-Ang University Hospital. Clini-

cal charts of patients with TAO who underwent orbital 

decompression surgery from May 2010 to July 2013 at 

Chung-Ang University Hospital were reviewed. All patients 

who underwent decompression surgery over the study period 

were included in the study, but some patients were excluded 

based on the following criteria: incomplete preoperative or 

postoperative IOP data, previous history of ocular disease or 

ophthalmic surgery that could affect the IOP, and treatment 

with steroid pulse or orbital radiation therapy within 1 year 

before orbital decompression.

For each subject, clinical data collected from medical 

records included age, sex, smoking history, preoperative thy-

roidectomy or nonsurgical treatment history such as systemic 

steroid use and radiation therapy, pre- and postoperative 

degree of proptosis by Hertel exothalmometry, type of orbital 

decompression surgery, noncycloplegic refraction (Auto

refractor KR-8900; Topcon Corporation, Tokyo, Japan), 

and IOP measurement by Goldmann applanation tonometer 

in the primary eye position.

Intervention
Patients with a stable thyroid function for at least 3 months 

underwent surgery under general anesthesia. Indications 

for surgery included disfiguring proptosis, severe exposure 

keratitis, and compressive optic neuropathy.

There were four types of surgical options: fat removal 

only and one to three-walled orbital decompression. The type 

of orbital decompression surgery was performed according 

to the patients’ degree of proptosis. A medial or lateral wall 

was removed when a one-walled decompression surgery was 

planned, and if a two-walled decompression was planned, 

both walls were removed. A medial orbital wall approach was 

performed via a transcaruncular incision, and the ethmoidal 

bone was removed from the lacrimal crest to the orbital apex. 

A lateral wall approach was performed via upper eyelid skin 

crease incision, and the greater wing of the sphenoid bone 

was removed using a high-speed burr. Three-walled decom-

pression surgery was performed by removing the medial 

and lateral wall plus the orbital floor via a transconjunctival 

approach while preserving the anterior inferomedial strut.

Data analysis
The IOP after orbital decompression surgery was classified into 

six categories according to the postoperative day as follows: 

week 1 (1–7 days), month 1 (8–41 days), month 2 (42–70 days), 

month 3 (71–97 days), month 4 (98–126 days), and final 

follow-up (after 127 days). The IOP was measured by taking 

the average of all the IOP recordings during the preoperative 

and subdivided postoperative periods in each subject’s eyes. 

In addition, IOP measurement was terminated in subjects who 

underwent a surgical procedure that could affect the IOP during 

the follow-up period, such as strabismus surgery, eyelid sur-

gery, and steroid injection into the eyelid. Percentage reduction 

of the IOP was calculated using the following formula:

	
Baseline IOP Mean IOP during the period

Baseline IOP

−
×100 � (1)

Repeated-measures analysis of variance was used to 

compare the changes between the preoperative and post

operative IOP. Univariate analysis was used to assess the cor-

relation between the percentage reduction in IOP and clinical 

factors. Multiple linear regression analysis, including vari-

ables with P,0.2 in the univariate analysis was performed 

to assess the effect of each variable on IOP reduction.

The probability level for statistical significance was set 

at 5%. Data were recorded and analyzed using SPSS for 

Windows, version 20.0 (SPSS Inc., Chicago, IL, USA).

Results
Orbital decompression surgery was performed in 113 

orbits from 60 patients with TAO, and the demographic 

and clinical characteristics of the subjects are presented in 

Table 1. The mean patient age was 30.5±7.9 years (range: 

17–54 years), and more than three-fourth (46/60, 76.7%) of 

the patients were female. Nearly, all of the subjects under-

went surgery in the inactive stage except three subjects with 

compressive optic neuropathy. The degree of proptosis was 

decreased to 5.15±1.64 mm after orbital decompression 

surgery (P,0.001). Most of the subjects (106/113, 93.8%) 

underwent two- or three-walled surgical options, and the 

proportion was similar in two-wall and three-wall orbital 

decompression surgery.
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The serial changes in the IOP after orbital decompres-

sion surgery are shown in Table 2. The mean IOP was 

16.89±4.10 mmHg (range: 9.3–34.6 mmHg) before surgery, 

and it increased by 10% (18.59±3.68 mmHg, P,0.001) at 

postoperative week 1. This elevated IOP decreased to the 

preoperative status at postoperative month 1, and it decreased 

consistently by 14% (14.44±3.71 mmHg, P=0.008) of the 

preoperative IOP at postoperative month 2. This significant 

reduction in IOP was maintained since after postoperative 

month 2, although the pressure changed at each interval dur-

ing the follow-up period. For the duration of the follow-up 

period after postoperative month 2, the mean IOP was 

14.55±4.17 mmHg and the percentage reduction was 

14.51%±24.31%.

Ten (10/113, 8.8%) orbits presented with high IOP 

(.21 mmHg) before surgery and three of them had sustained 

high IOP after postoperative month 2, although it was lower 

than before the surgery. Although data were not included in 

the present study, three patients with IOP over 25 mmHg 

were treated with eyedrops to lower the IOP before surgery; 

however, none of them needed continuous medical treatment 

for IOP reduction after the surgery. In contrast, IOP-lowering 

therapy was needed in one case after orbital decompression 

surgery, in spite of the fact that the IOP was within the normal 

range before the surgery. This was due to the spike in the 

IOP from 16.5 to 34.0 mmHg at postoperative week 1, and 

it was normalized to 14 mmHg at postoperative day 15 by 

temporary use of an antiglaucoma medication.

Tables 3 and 4 present the results of linear regression 

analysis of the correlation between the clinical factors and 

changes in IOP at postoperative week 1 and after post

operative month 2, respectively. Univariate linear regression 

analysis at postoperative week 1 demonstrated that three 

factors were significantly associated with the percentage 

reduction in IOP, that is, age (P=0.021), spherical equivalent 

(P=0.044), and preoperative IOP (P,0.001). In multivariate 

linear regression, spherical equivalent (β=1.707, P=0.021) 

and preoperative IOP (β=2.508, P=0.001) were also signifi-

cantly associated with the percentage reduction in IOP after 

orbital decompression surgery at 1 week (Table 3).

In the analysis after postoperative month 2, decrease 

in proptosis and IOP reduction percentage at week 1 were 

included for the long-term outcomes. In univariate linear 

regression, three factors were found to be significantly 

associated with the percentage reduction in IOP, that is, 

sex (P=0.027), preoperative IOP (P,0.001), and percent-

age reduction in IOP at week 1 (P=0.024). In multivariate 

linear regression, only preoperative IOP was significantly 

(β=1.056, P=0.029) associated with the percentage reduction 

in IOP (Table 4). The spherical equivalent showed significant 

association in the analysis at postoperative week 1; however, 

no significance was observed after postoperative month 2. 

Table 1 Clinical and demographic characteristics of subjects 
with thyroid-associated orbitopathy who underwent orbital 
decompression surgery

Characteristics Values

Number of orbits 113 
Age (years) 30.5±7.9
Sex (male:female) 25 (22.1%):88 (77.9%)
Smoking 36 (31.9%)
Thyroidectomy 19 (16.8%)
Preoperative nonsurgical treatment (eyes)

Systemic steroid use 22 (19.5%)
Systemic steroid with radiation therapy 5 (4.4%)

Degree of proptosis (mm)
Preoperative 20.19±1.81
Postoperative 15.04±1.95

Type of orbital decompression surgery
Fat removal only 2 (1.8%)
One-wall decompression 5 (4.4%)
Two-wall decompression 51 (45.1%)
Three-wall decompression 55 (48.7%)

Spherical equivalent (D) -3.24±3.15
Duration of follow-up (days) 286.5±211.7

Table 2 Serial change in the intraocular pressure after orbital decompression surgery

Variables Preoperative Week 1 Month 1 Month 2 Month 3 Month 4 Final follow-up

Postoperative day – 1–7 8–41 42–70 71–97 98–126 After 127
Average frequency of measurement 3.15±2.20 1.06±0.24 1.08±0.31 1.07±0.26 1.05±0.27 1.13±0.42 2.37±1.51
Mean IOP (mmHg) 16.89±4.10 18.59±3.68 16.46±3.49 14.44±3.71 14.46±3.47 14.43±3.92 14.41±4.18
Reduction in IOP (mmHg) – -1.71±3.29 0.42±2.60 2.45±3.38 2.44±3.61 2.45±3.72 2.48±3.15
Percentage reduction in IOP (%) – -10.12±24.63 2.54±15.78 14.47±19.78 14.34±18.76 14.51±24.28 14.63±17.62
P-value* – ,0.001 0.112 0.008 0.009* 0.005 ,0.001
P-value** – – ,0.001 0.001 0.893 0.670 0.636

Notes: *Comparison with preoperative intraocular pressure using the repeated-measures ANOVA with post hoc analysis. **Comparison with the last follow-up using the 
repeated-measures ANOVA with post hoc analysis.
Abbreviations: ANOVA, analysis of variance; IOP, intraocular pressure.
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Other factors, including age, sex, smoking history, pre

operative thyroidectomy and nonsurgical treatment history, 

preoperative proptosis, and the type of orbital decompression 

surgery showed no significant association at postoperative 

week 1 and after postoperative month 2.

Discussion
The current study was conducted to evaluate the change in 

IOP after orbital decompression surgery and the correlation 

between clinical factors and IOP change in patients with 

TAO. The authors demonstrated elevation in IOP (mean, 

1.71 mmHg, 10.1%) during the initial postoperative phase 

(within 2 weeks) and reduction (mean 2.47 mmHg, 14.5%) 

after postoperative month 2. The spherical equivalent and 

preoperative IOP were associated with the IOP reduction 

percentage during the initial phase; however, only preopera-

tive IOP was found to affect IOP reduction after postopera-

tive month 2.

The results of IOP reduction postoperatively after 

2 months, in the present study, corresponded well with those 

found in earlier clinical studies.7–10 However, there have been 

few studies on the change in IOP during the early postopera-

tive phase. Robert et al11 showed a significant reduction in 

IOP from 19.3 to 17.0 mmHg at 1 week after surgery and 

from 19.3 to 15.9 mmHg at 3 months after surgery. Although 

the results of our study were similar during postoperative 

month 2, they were not consistent with the results of the early 

postoperative phase and with those reported by Robert et al,11 

which may have been due to the type of orbital decompres-

sion surgery. In a majority of subjects (93.8%) in this study, 

more than two orbital walls were removed; however, Robert 

et al11 performed only intraconal fat removal on 64 orbits.

A possible cause for this IOP elevation is the presence 

of inflammation and soft tissue swelling during the early 

postoperative period. The surgical procedure itself may 

induce inflammation and cause swelling of soft tissues 

Table 3 Univariate and multivariate analyses of the association between clinical factors and change in the intraocular pressure at 
week 1 after orbital decompression surgery

Variables Univariate analysis Multivariate analysis

β coefficient CI (95%) P-value β coefficient CI (95%) P-value

Age 0.606 0.092 to 1.121 0.021 0.12 −0.574 to 0.597 0.969
Sex −9.200 −20.247 to 1.848 0.102 −2.757 −13.250 to 7.735 0.603
Smoking 4.581 −5.606 to 14.767 0.374 – – –
Thyroidectomy 7.486 −6.023 to 20.995 0.274 – – –
Preoperative nonsurgical treatment 0.231 −4.751 to 5.213 0.927 – – –
Preoperative proptosis 0.679 −1.780 to 3.138 0.585 – – –
Type of orbital decompression surgery 4.590 −2.349 to 11.529 0.192 4.962 −1.601 to 11.525 0.137
Spherical equivalent 1.489 0.043 to 2.935 0.044 1.707 0.268 to 3.145 0.021
Preoperative intraocular pressure 2.657 1.426 to 3.888 ,0.001 2.508 1.052 to 3.964 0.001

Abbreviation: CI, confidence interval.

Table 4 Univariate and multivariate analyses of the association between the clinical factors and change in the intraocular pressure after 
postoperative 2 months

Variables Univariate analysis Multivariate analysis

β coefficient CI (95%) P-value β coefficient CI (95%) P-value

Age 0.070 −0.283 to 0.423 0.695 – – –
Sex −8.319 −15.655 to −0.982 0.027 −3.763 −11.183 to 3.658 0.316
Smoking 0.955 −5.692 to 7.603 0.776 – – –
Thyroidectomy 7.443 −1.078 to 15.964 0.086 8.657 −0.490 to 17.803 0.063
Preoperative nonsurgical treatment −1.716 −4.951 to 1.519 0.295 – – –
Preoperative proptosis −0.528 −2.204 to 1.147 0.533 – – –
Decrement of proptosis 1.477 −0.478 to 3.433 0.137 0.788 −1.318 to 2.894 0.459
Type of orbital decompression surgery 3.444 −1.338 to 8.226 0.156 0.963 −3.974 to 5.900 0.699
Spherical equivalent −0.593 −1.477 to 0.291 0.186 −0.715 −1.654 to 0.225 0.134
Preoperative intraocular pressure 1.932 1.183 to 2.680 ,0.001 1.056 0.112 to 2.001 0.029
IOP reduction percentage at week 1 0.161 0.021 to 0.300 0.024 0.093 −0.061 to 0.247 0.235

Abbreviations: CI, confidence interval; IOP, intraocular pressure.
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and extraocular muscles. Several previous studies12–14 have 

reported the expansion of the extraocular muscle volume 

following decompression surgery. Alsuhaibani et al14 found 

a significantly negative association between the time of 

postoperative computed tomography scans and change in 

the medial rectus muscle volume. They discussed that this 

may contribute to the lesser impact on the result during the 

early postoperative period. Therefore, as the postoperative 

expansion of extraocular muscle volume resolves, a marked 

IOP reduction may be observed after the acute inflammatory 

phase following orbital decompression surgery.

The preoperative IOP was the only factor that affected 

the amount of IOP reduction both during the early postop-

erative phase and after postoperative month 2. Dev et al15 

also reported that the degree of preoperative IOP elevation 

was found to be a strong predictor of the amount of IOP 

decrease after decompression by using binary categorical 

analysis, which was based on an IOP of 21 mmHg. To the 

best of our knowledge, this study represents the first linear 

regression analysis on IOP as a continuous variable in orbital 

decompression surgery. Other factors including age, sex, past 

medical history, proptosis, and type of orbital decompression 

surgery had no significant effect on the change in IOP after 

postoperative month 2 and this was similar to results from 

previous studies.8,10

A positive correlation between the preoperative IOP and 

reduction after decompression surgery could be described in 

terms of EVP. There was a study demonstrating the potential 

influence of hypothalamic centers on IOP,16 and an experi-

mental study reported by Strohmaier et al17 suggested that the 

brainstem may play a role in controlling EVP. These reports 

indicated the presence of a central nervous system-controlled 

“set point” of EVP. Orbital decompression surgery increased 

the superior ophthalmic vein blood flow velocity by releasing 

the tension on the orbit and decreasing venous congestion.7,9 

When congestion resolves after decompression surgery, the 

EVP falls to the individual’s hypothalamic controlled set 

point, which leads to IOP reduction. Consequently, with a 

higher preoperative IOP, there is greater potential for IOP 

reduction.

Interestingly, the spherical equivalent showed signifi-

cant positive association with the percentage reduction in 

IOP, with the exception of the preoperative IOP at initial 

postoperative phase, in linear regression analysis. This can 

be interpreted as the IOP during the early postoperative 

phase tends to increase more in myopic eyes, because an 

IOP increase is confirmed at 1 week after decompression 

surgery in the current study. The relation between myopia 

and postoperative IOP can be explained by the flexibility 

that is more prominent in myopic eyes. It has been sug-

gested that hyperopic eyes demonstrated stiffer response 

parameters than myopic eyes,18 and pathological myopia 

might be related with the increased IOP19 in the studies using 

ocular response analyzer. The degree of myopia seems to 

affect postoperative IOP during the early inflammatory phase; 

however, it has had little influence beyond 2 weeks after sur-

gery. In fact, the subject who was excluded from the present 

study by using antiglaucoma eyedrops after surgery due to a 

spike in the IOP had high myopia (-6.25 D) compared to the 

mean of the spherical equivalent (-3.24 D) in total.

The present study has some limitations. The most deci-

sive evidence supporting the change in IOP after the orbital 

decompression surgery would be a finding from a prospec-

tive case-controlled trial. However, this was a retrospective 

study, and we were unable to measure IOP at all the periods 

of the serial protocol in all subjects. Another limitation of 

this study is the generalization that the findings have high 

population-specific (Korean) aspects. Caucasian and Asian 

orbits and globe configurations have quantitative and quali-

tative differences20 that could affect IOP change in TAO. 

In addition, because we set follow-up visiting days instead 

of visiting time, there may exist diurnal variations in IOP 

measurement.

In conclusion, orbital decompression surgery in TAO 

could increase the IOP within 2 weeks of acute inflammatory 

postoperative phase; however, this transient IOP elevation 

reduces significantly compared to the preoperative level and 

stabilizes postoperatively after 2 months. The clinicians may 

need to consider the fact that orbital decompression surgery 

may significantly reduce the IOP in subjects with higher 

preoperative IOP; however, this can cause a prominent 

increase in the IOP during the early postoperative phase in 

high myopic eyes.
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