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Abstract
● AIM: To determine the relationship between the subfoveal 
choroidal thickness (CT) and intraocular pressure (IOP) 
following idiopathic epiretinal membrane (ERM) surgery.
● METHODS: Retrospective observational case series of 
patients who had undergone 23-gauge vitrectomy for an 
ERM. The measurements of CT and IOP were done at the 
baseline and 1d, 1wk, 1, 3, 6, and 12mo after the surgery.
● RESULTS: Forty-four eyes of 43 patients with a mean 
age of 69.8±9.5y were studied. The CT was 200.8±86.3 µm 
at the baseline, 210.1±83.5 µm at 1d, 213.2±85.4 µm at 1wk, 
203.1±84.0 µm at 1mo, 197.5±85.5 µm at 3mo, 197.7±84.0 µm
at 6mo, and 191.2±86.8 µm at 12mo after surgery. The 
CT on day 1 and week 1 after the surgery was significantly 
thicker than that at the baseline CT (P=0.0023 and P<0.0001). 
The CT at 12mo after surgery was significantly thinner 
than the baseline (P=0.0062). The IOP on day 1 and week 
1 were significantly lower than the baseline (P<0.0001 
and P=0.0042). The IOP at 1, 3, 6, and 12mo after 
surgery were significantly higher than the baseline IOP 
(P=0.0087, P=0.0023, P<0.00051, and P<0.0001). The rates 
of changes in the CT between baseline and day 1 and 
week 1 were significantly and negatively correlated with 
the rates of change in the IOP (P<0.0001 and P=0.046). 
In the group with the IOP change rate of -30% or less at 
1d postoperatively, the change rate of CT was -21.1% to 
31.2% (9.8%±12.4%) and in the group of -29% or more, 
it was -8.9% to 28.0% (2.6%±8.9%). The change rate of 
CT in the group with the IOP change rate of -30% or less 
was significantly higher than the group of -29% or more 
(P=0.016).

● CONCLUSION: CT increases soon after the ERM surgery 
which is probably due to the transient hypotony, showing 
that IOP may be a significant confounding factor for CT.
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INTRODUCTION

T he choroidal thickness (CT) is altered in eyes with 
various types of chorioretinal diseases such as central 

serous chorioretinopathy[1], Vogt-Koyanagi-Harada disease[2-3], 
and high myopia[4]. The CT is also significantly affected by 
age, refractive error[5-6], and by vasodilating medications 
such as sildenafil[7]. Because the CT is altered by different 
kinds of chorioretinal diseases, it is important to determine 
what parameters associated with the chorioretinal diseases is 
associated with the altered CT. 
Whether the intraocular pressure (IOP) can alter the CT is 
controversial. For example, it has been reported that the choroid 
is thicker after the IOP is reduced by trabeculectomy[8-10]. 
However, there is also a study reporting that the IOP was not 
significantly correlated with the CT in healthy eyes[11]. This is 
important because it is known that intraocular surgery can alter 
the IOP, e.g. the IOP is elevated after conventional vitrectomy 
but is reduced after non-sutured microvitrectomy. 
As the first step toward understanding the relationship between 
the IOP and the CT, we measured the subfoveal CT and IOP 
before and after 23-gauge (23G) vitrectomy. We selected 
vitrectomy for an epiretinal membrane (ERM) because its 
duration is short, and it does not lead to severe postoperative 
inflammation. 
SUBJECTS AND METHODS
This was a retrospective, interventional, observational case 
series study. We studied the medical records of 44 eyes of 
43 consecutive patients who had undergone vitrectomy by 
one surgeon for an idiopathic ERM and were followed for at 
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least 1y after the surgery. The surgeries were performed at the 
Teikyo University School of Medicine, University Hospital 
Mizonokuchi from August 2010 to April 2014. The procedures 
used to treat the patients and the examination of their medical 
records were approved by the Institutional Review Board of 
the Teikyo University School of Medicine. Informed consent 
was obtained from all individual participants. Eyes with 
any ocular condition that could affect the visual function, 
such as diabetic retinopathy, macular degeneration, myopic 
chorioretinal atrophy, cataract >grade III in the Emery-
Little scale[12], corneal diseases, secondary ERM after retinal 
detachment surgery, and glaucoma were excluded. 
Standard 3-port  vi t rectomy with 23G instruments 
was performed on the 44 eyes to remove the ERM. 
Phacoemulsification and intraocular lens implantation was 
performed on 34 of the 35 phakic eyes. Nine eyes were 
pseudophakic. After completion of core vitrectomy, a posterior 
vitreous detachment was created if one was not present (5 
eyes) by active aspiration. The ERM was removed with or 
without the internal limiting membrane (ILM) using a V-rance 
microhooked needle and vitreoretinal forceps. If the ILM was 
removed, it was peeled by grasping it with vitreoretinal forceps 
without the use of dyes. At the completion of the surgery, the 
scleral ports were sutured in 19 eyes (1 port, 1 eye; 2 ports, 1 
eye; 3 ports, 17 eyes). The ILM was not peeled in 3 of 11 eyes 
with an ERM and a pseudomacular hole. One eye developed 
an intraoperative rhegmatogenous retinal detachment, in 
which intraoperative fluid-air exchange was performed. About 
40% of the vitreous cavity was filled with air due to the upper 
retinal tear.
Spectral domain optical coherence tomography (SD-OCT; 
Spectralis, Heidelberg Engineering, Germany) was used to 
determine the CT pre- and postoperatively (Figure 1). The 
IOP was measured by Goldmann applanation tonometry or 
pneumatic tonometry. The CT and IOP were measured before 
and 1d, 1wk, 1, 3, 6, and 12mo postoperatively. The thickness 
of the choroid was measured by enhanced depth imaging 
SD-OCT, and measurement was performed in the daytime 
(between 7:00 a.m. to 17:00 p.m.). 
Statistical Analysis  Statistical analyses were performed 
with the Excel (Microsoft) software with add-in statistical 
software (SSRI, Tokyo). The descriptive data are presented 
as the means±standard deviations (SD). The best-corrected 
visual acuity (BCVA) was measured with a Landolt C chart in 
decimal units, and converted to the logarithm of the minimal 
angle of resolution (logMAR) units. Paired t-tests were used 
to determine whether differences over time were significant. 
The correlations between the CT and IOP were determined 
by Spearman rank correlations. A P of <0.05 was considered 
significant.

RESULTS
The medical records of 44 eyes of 43 patients (26 eyes of 25 
women and 18 eyes of 18 men) that had undergone vitrectomy 
to remove an ERM were studied. Their mean age was 
69.8±9.5y with a range of 44 to 92y. The mean axial length 
was 23.79±1.35 mm with a range 22.09 mm to 27.36 mm. The 
mean postoperative follow-up period was 24.8±8.5mo with a 
range 12 to 38mo. 
The mean CT was 200.8±86.3 µm at the baseline, 210.1±83.5 µm at 
1d, 213.2±85.4 µm at 1wk, 203.1±84.0 µm at 1mo, 197.5±85.5 µm 
at 3mo, 197.7±84.0 µm at 6mo, and 191.2±86.8 µm at 12mo 
after the surgery (Figure 2). The CT on day 1 and week 1 after 
the surgery were significantly thicker than that at the baseline 
CT (P=0.0023 and P<0.0001). The CT at 12mo after surgery 
was significantly thinner than that at the baseline (P=0.0062). 
The IOP was 12.1±2.2 mm Hg at the baseline, 8.8±3.4 mm Hg 
at day 1, 10.6±2.9 mm Hg at 1wk (n=42), 13.2±3.2 mm Hg 
at 1mo (n=43), 13.5±2.9 mm Hg at 3mo, 13.8±2.9 mm Hg at 

Figure 1 Representative case showing a thickening of the choroid 
in a 70-year-old woman  The subfoveal CT was 145 µm and the IOP 
was 14 mm Hg at the baseline (A), 168 µm and 4 mm Hg at 1d (B), 
189 µm and 9 mm Hg at 1wk (C), 150 µm and 13 mm Hg at 1mo (D), 
and 145 µm and 17 mm Hg at 1y (E) after the surgery. 
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6mo, and 14.1±2.7 mm Hg at 12mo after the surgery (Figure 3). 
The IOP on day 1 and week 1 were significantly lower than the 
baseline IOP (P<0.0001 and P=0.0042). The IOPs at 1, 3, 6, 
and 12mo after the surgery were significantly higher than that 
at the baseline IOP (P=0.0087, P=0.0023, P<0.00051, and 
P<0.0001, respectively).
The rates of changes in the CT between baseline and day 1 and 
week 1 were significantly and negatively correlated with the 
rates of change in the IOP (r=-0.506, P<0.00092; and 
r=-0.311, P=0.046, respectively; Figure 4A and 4B). The CT 
was not significantly correlated with the IOP at the baseline 
and at 1y (r=0.131, P=0.389; Figure 4C).
In the group with the IOP change rate of -30% or less at 
1d postoperatively, the change rate of CT was -21.1% to 
31.2% (9.8%±12.4%) and in the group of -29% or more, it 
was -8.9% to 28.0% (2.6%±8.9%). The change rate of CT 
in the group with the IOP change rate of -30% or less was 
significantly higher than the group of -29% or more (P=0.016, 
Mann-Whitney U test), indicating that the larger IOP change 
contributed to larger CT changes. 
The baseline CT was significantly correlated with the age (r= 
-0.431, P=0.0047), but not with the baseline IOP (r=-0.166, 
P=0.274), axial length (r=-0.178, P=0.244), preoperative 
BCVA (r=0.185, P=0.225), and postoperative BCVA (r= -0.256, 
P=0.094).
The mean BCVA postoperatively was 0.060±0.223 logMAR 
units, which was significantly better than the preoperative 
BCVA of 0.296±0.198 logMAR units (P<0.0001).
DISCUSSION
Our results showed that the CT was significantly thicker than 
that at the baseline on day 1 and week 1 after the 23G ERM 
surgery, and the CT at 1y was significantly thinner than that at 
the baseline. We found that the rate of change of the CT was 
significantly correlated with the rate of change of the IOP on 
day 1 and week 1 postoperatively, however the correlation was 

not significant at 1y. At 1d postoperatively, the change rate of 
CT in the group with the IOP change rate of -30% or less was 
significantly higher than the group of -29% or more. These 
results indicated that the increase of the CT within the first 
week was most likely due to the hypotony, and the thinning of 
the choroid at 1y was caused by a different mechanism. To our 
knowledge, there are no published articles which examined 
the relationship between IOP and CT in ERM surgery. 

Although we are aware of the existence of the paper showing 
that the reduced IOP after trabeculectomy was significantly 
correlated with the increase in CT[8-10]. According to the course 
of central serous chorioretinopathy[1] and Vogt-Koyanagi-
Harada disease[2-3], the choroid is an organ whose thickness 
varies widely depending on their pathological conditions. We 
presume that the pressure to the choroid was decreased due 
to a rapid decrease in the IOP after surgery, and the CT was 
increased with time.
Michalewska et al[13] reported the CT in the eyes with ERM 
undergoing ERM and ILM peeling, which was measured by 
swept source OCT. They showed CT at 3mo after surgery was 
significantly thinner than baseline. We also found a gradual 
thinning of the choroid with time as reported. An increase 
in the oxygen level in the vitreous after the vitrectomy[14-15] 
may meet the retinal demand which would decrease the 
choroidal supply of oxygen to the retinal tissues. It may be 
the cause of the thinning of the choroid after several months 
postoperatively.
We found that the preoperative IOP and CT were not 
significantly correlated as has been reported in healthy eyes[11]. 
However, changes of the CT was significantly correlated with 
the changes of IOP, therefore the changes in the IOP may be a 
confounding factor for measuring CT.
A recent study indicated CT became thick in eyes with 
pseudophakic cystoid macular edema and thin after the 
treatment of cystoid macular edema[16]. Since macular edema is 
often found in eyes after ERM surgery, we may be take care of 

Figure 2 Changes in subfoveal CT  The subfoveal CT was 
200.8±86.3 µm at the baseline, 210.1±83.5 µm at 1d, 213.2±85.4 µm 
at 1wk, 203.1±84.0 µm at 1mo, 197.5±85.5 µm at 3mo, 197.7±84.0 µm
at 6mo, and 191.2±86.8 µm at 12mo after the surgery. aP<0.01, 
bP<0.00001, paired t-test.

Figure 3 Changes in IOP after vitrectomy  The IOP was 12.1±2.2 mm Hg 
at the baseline, 8.8±3.4 at 1d, 10.6±2.9 at 1wk (n=42), 13.2±3.2 at 
1mo (n=43), 13.5±2.9 at 3mo, 13.8±2.9 at 6mo, and 14.1±2.7 at 12mo 
after the surgery. aP<0.000001, bP<0.00001, cP<0.0001, dP<0.01, 
paired t-test.
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the possible occurrence of cystoid macular edema in eyes with 
thick CT after ERM surgery.
Since Chang[17] reported the risk of open angle glaucoma 
(OAG) in vitrectomized eyes, several studies have the similar 
findings[18-20]. Cataract surgery combined with vitrectomy was 
shown to be a risk factor for IOP elevations in vitectomized 
eyes[17-18,20]. Oxidative stress[14-15] may affect the structure of 
trabecular meshwork, which may reduced aqueous flow and 
result in OAG. In the present study, only 1 eye was phakic 
after vitrectomy, and 9 eyes were pseudophakic preoperatively 
and 39 eyes underwent simultaneous cataract surgery, 
suggesting that our patients were likely to have postoperative 
IOP elevation.
This study has limitations. This study was a retrospectively 
analyses of the IOP and CT, and the number of the participants 
was relatively small. The measurement of the CT was done 
manually by a single examiner, however we meausured CT in 
the daytime in order to get rid of possible diurnal variations 
of CT[21]. We did not perform multivariate analysis for CT, 
however we measured differences of IOP and CT of the same 
patient, therefore other factors than IOP appear unlikely to 
influence the changes of CT.
In conclusion, the CT becomes thicker on day 1 and week 1 
after 23G-vitrectomy for ERM due to a lower IOP, and then 
gradually decreases until 1y after vitrectomy. We need to take 
an IOP change into consideration as a confounding factor 
when evaluating CT in our researches.
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