
Intraocular Pressure Change and Sustained Intraocular 
Pressure Elevation After Pars Plana Vitrectomy

Introduction
Intraocular pressure (IOP) elevation after an uncomplicated 
pars plana vitrectomy (PPV) is common in the early post-
operative period. This elevation can be due to factors such 
as viscoelastic residue, the use of silicone oil or an expand-
ing gas tamponade, bleeding, a pupillary block, ciliary body 

edema, inflammation, or a response to topical corticosteroid 
therapy (1-5). The indications for PPV and the gauge of the 
instruments used during the procedure can have an impact 
on the postoperative IOP (6-8). Medical treatment will effec-
tively reduce the IOP in most cases, but resistant glaucoma 
can occur (2,3,9). 

Objectives: The aim of this study was to investigate the incidence and influential factors of changes in intraocular pres-
sure (IOP) and sustained IOP elevation (SIOPE) after an uncomplicated pars plana vitrectomy (PPV).
Methods: In all, 41 eyes of 41 patients who underwent PPV due to the presence of epiretinal membrane, macular hole, or 
vitreomacular traction syndrome were included in the study. In the vitrectomized eye, an elevated IOP of ≥21 mmHg or an 
increase of ≥6 mmHg from the preoperative IOP on 2 or more postprocedure visits or the addition of a new IOP-lowering 
medication during follow-up was defined as sustained IOP elevation. The results of procedures performed with a 20-G 
instrument and a 23-G instrument were compared.
Results: The mean postoperative IOP was significantly higher than the preoperative IOP in vitrectomized eyes (preop-
erative IOP: 15.2±3.1 mmHg; postoperative 1st month: 17.4±5.8 mmHg, p=0.018; 6th month: 17.3±2.6 mmHg, p=0.02; 
12th month: 16.7±2.6 mmHg, p=0.020). While no significant difference in IOP was detected between the vitrectomized 
and fellow eyes preoperatively, the IOP was significantly higher in the vitrectomized eyes in the 1st, 6th, and 12th months 
(p=0.040, p <0.001, p <0.001, respectively). SIOPE was detected in 15 vitrectomized eyes (37%) and 1 fellow eye (2%). 
The postoperative first day IOP was significantly lower in the vitrectomized eyes (11.1±6.1 vs 15.4±2mmHg; p<0.001) and 
significantly lower in the 23-G group than the 20-G group (9.3±5.2 vs 15.7±5.8; p=0.001).
Conclusion: IOP may rise significantly in comparison with the fellow eye or the preoperative IOP, even after an uncom-
plicated PPV. SIOPE and preoperative IOP values should be taken into consideration in addition to cross-sectional IOP 
findings in the evaluation of PPV.
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In addition to an IOP elevation after PPV, some research-
ers have reported increased risk of open-angle glaucoma 
(OAG) formation, accelerated progression of pre-existing 
glaucoma, and a need for additional drugs, while others have 
found that PPV did not affect IOP (9-16).

Postoperative IOP monitoring is important to preserve 
vision, even with a successful PPV (10). Some studies have 
defined ocular hypertension (OHT) as an IOP >30 mmHg 
detected in the first 24 hours after the procedure, >25 
mmHg in the first 6 weeks, and >22 mmHg thereafter (14). 
In recent studies, sustained IOP elevation (SIOPE) has been 
defined as an IOP of ≥21 mmHg or a ≥ 6mmHg change 
from the baseline IOP observed at 2 consecutive visits, or 
the addition of a new IOP-lowering medication during fol-
low-up (17). Antiglaucomatous therapy or other glaucoma 
unit care has been recommended for cases of OHT or SI-
OPE (8-11).

The objective of this study was to investigate changes 
in IOP, SIOPE, and other factors affecting the findings in 1 
year of follow-up of patients who underwent an uncompli-
cated PPV performed due to epiretinal membrane (ERM), 
macular hole (MH), or vitreomacular traction syndrome 
(VMT).

Methods

Ethics committee approval was obtained from the ethics 
committee of Bezmialem Valide Sultan Foundation for the 
Poor Training and Research Hospital on August 19, 2009 
(No: 8/3). All of the patients provided informed consent and 
this retrospective study was conducted in accordance with 
the Helsinki Declaration.

A total of 41 eyes of 41 patients who underwent a PPV 
performed at a tertiary care hospital due to ERM, VMT, or 
MH were included in the study. All of the surgeries were 
performed under general anesthesia. Phacoemulsification 
(Alcon Infiniti; Alcon AG, Geneva, Switzerland) and intraoc-
ular lens (IOL) implantation were performed first in patients 
who were deemed suitable for cataract surgery. After a PPV 
to remove the central vitreous (Accurus; Alcon AG, Gene-
va, Switzerland), the posterior hyaloid was separated when 
necessary using triamcinolone acetonide. In cases of ERM, 
both the internal limiting membrane and ERM were peeled 
off using brilliant blue G membrane dye. Surgery was termi-
nated with an air, liquid, sulfurhexafluoride (SF6) or perflu-
oropropane (C3F8) gas tamponade. In cases of 20-G PPV, 3 
scleral ports were used, and in 23-G cases, a leaky entrance 
was closed with 7.0 Vicryl sutures (Ethicon, Inc., Somerville, 
NJ, USA). Similarly, a conjunctival periotomy was closed with 
7.0 Vicryl sutures. Follow-up was conducted for at least 6 
months.

Patients with proliferative diabetic retinopathy, myopic 
maculopathy, senile macular degeneration, endophthalmitis, 
or a history of a retinal artery or vein occlusion, glaucoma, 
or OHT were not included in the study. Cases with the use 
of a silicone oil tamponade, scleral buckling, complicated or 
bilateral PPV, or <12 months of follow-up data were also 
excluded. These criteria were applied to both eyes. 

A complete ophthalmological examination, including best 
corrected visual acuity, IOP measurement, and an anterior 
and posterior segment examination of the operated and fel-
low eye was performed preoperatively and at the postopera-
tive first day, first month, third month, sixth month, and first 
year. Macular optical coherence tomography (OCT) images 
were obtained using a Zeiss Stratus OCT device (Carl Zeiss 
AG, Oberkochen, Germany). IOP was measured with a To-
no-Pen XL tonometer (Reichert Inc., Depew, NY, USA) on 
postoperative day 1, and a Goldmann applanation tonometer 
on subsequent examinations.

All of the statistical analysis was performed with IBM 
SPSS Statistics for Windows, Version 22.0 (IBM Corp., Ar-
monk, NY, USA). The Student t-test was used in group 
comparisons of parameters. Spearman's correlation analy-
sis, a chi-squared test, and Fisher’s exact test were used to 
evaluate the relationships between parameters. Values were 
presented as mean±SD. A p value of ≤0.05 was considered 
statistically significant.

Results

Demographic details and clinical characteristics of the pa-
tients are presented in Table 1.

A significant decrease in IOP in the operated eye was 
seen on the first postoperative day. However, the 1st-month, 
6th-month, and 12th-month measurements revealed a signif-
icant elevation in IOP compared with the preoperative IOP, 
though the mean IOP was <21mmHg (Table 2). 

SIOPE was detected in 15 patients (37%) in the vitrecto-
mized eye and in 1 fellow eye (2%) (p=0.366). The IOP was 
≥21 mmHg in 9 of the vitrectomized eyes (22%), the IOP 
change was recorded as ≥6 mmHg during 2 or more visits 
in 3 cases (7%), and both were seen in 4 (2%). Among the 
patients with SIOPE, topical antiglaucomatous therapy was 
initiated in 2 patients with an IOP of 33 mmHg in the first 
month. SIOPE persisted through the final follow-up visit in 
5 patients. In the fellow eye, 1 case of SIOPE was observed 
(IOP ≥21 mmHg) at 2 consecutive follow-ups examinations, 
but had regressed to <21mmHg at the final visit.

The first postoperative day IOP was significantly lower 
in the 23-G group than in the 20-G group (9.3±5.2 vs 
15.7±5.8; p=0.001). There was a negative correlation be-
tween instrument gauge and the first postoperative day 
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IOP (p=0.002; r:-0.474). 
No significant correlation was found between SIOPE and 

the age, sex, surgical indication (ERM, VMT, MH), type of 
surgery (PPV or phaco-PPV), gauge of instrument (20-G or 
23-G), condition of the lens (phakic or pseudophakic). How-
ever, the percentage of SIOPE was higher in the 20-G PPV 
and VMT patients (Table 3). 

Phacoemulsification and IOL implantation were per-
formed in 6 of 11 patients who developed cataracts during 
the follow-up period. Anatomical and/or functional success 
was achieved in all of the patients; it was not successful in 
4 patients with a macular scar, foveal atrophy, or advanced 
stage MH.

Table 1. Demographic, clinical, and surgical characteristics of the patients and SIOPE occurrence

   SIOPE (n, % within subgroup)  p

Age (years; mean±SD) 67.2±9  15 >0.05

Sex

 Male 15 (37)  6 (40)

 Female 26 (63)  9 (35)

Side

 OD 20 (49)  7 (35)

 OS 21 (51)  7 (33)

Indication

 MH 11 (27)  3 (27)

 ERM 26 (63)  9 (35)

 VMT 4 (10)  3 (75)

Lens status

 Phakic 28 (68)  10 (36)

 Pseudophakic 13 (32)  5 (39)

Instrument

 20-gauge 12 (39)  6 (50)

 23-gauge 29 (71)  9 (31)

Surgery

 PPV 36 (78)  13 (36)

 Phaco-PPV 5 (12)  2 (40)

Tamponade

 Fluid 12 (29)  5 (42)

 Air 16 (39)  6 (38)

 C3F8 5 (12)  0

 SF6 8 (20)  4 (50)

% within the group, Spearman’s correlation analysis, p<0.05 was accepted statistically significant; C3F8: 
Perfluoropropane; ERM: Epiretinal membrane; MH: Macular hole; OD: Right eye; OS: Left eye; Phaco-PPV: 
Phacoemulsification and pars plana vitrectomy; PPV: Pars plana vitrectomy; SF6: Sulfurhexafluoride; SIOPE: 
Sustained intraocular pressure elevation; VMT: Vitreomacular traction.

Table 2. Change in intraocular pressure of the vitrectomized and 
fellow eye

  IOP (mmHg, mean±SD) p

Preoperative 15.2±3.1

Postoperative

 1st day 11.2±0.95 <0.001*

 1st month 17.4±5.83 0.018*

 3rd month 16.28±3.58 0.354

 6th month 17.28±2.59 0.02*

 12th month 16.76±2.63  0.02*

Paired-samples t-test, *p<0.05; IOP: Intraocular pressure.
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Discussion
The results of this study demonstrated a significant increase 
in IOP after PPV at the 1st, 6th, and 12th months of follow-up 
compared with the preoperative IOP measurement. The 
postoperative first day IOP was significantly lower in the vit-
rectomized eyes and significantly lower in the 23-G group 
than the 20-G group. 

IOP elevation is common after PPV and should be moni-
tored carefully (6, 14). It has been recommended that cases 
of SIOPE occurring after a intravitreal injection, OHT, or 
suspicion of glaucoma should be referred to a glaucoma unit 
(14, 17-20)

Chang (2) defined glaucoma suspicion as an IOP of ≤25 
mmHg or 4 mmHg higher than the fellow eye with no vi-
sual field loss and no cup/disc ratio difference of >0.2 in 3 
or more visits. Antiglaucomatous treatment was not initi-
ated in these patients. Based on a diurnal variation of 3.7 
mmHg in eyes without glaucoma, Lalezary et al. (15) eval-
uated the incidence of OAG, increase in IOP of >4 mmHg, 
and any change in IOP in 66 unilateral PPV patients with the 
indications of vitreous hemorrhage, ERM, MH, RD, macular 
edema, or tractional retinal detachment. They reported no 
significant difference in IOP elevation between the vitrec-
tomized and the fellow eyes, but a higher as percentage in 
the PPV group (15% and 9% respectively) in 49 months of 
follow-up using either a Tono-Pen or Goldmann applanation 
tonometry. The study authors did not indicate the gauge 
of the instruments, and 60% of the patients were diabetics, 
which could explain the negative finding. Tognetto et al. (21) 
defined OHT as an IOP of >22 mmHg determined at least 
2 postoperative visits or an increase in IOP of >4 mmHg 
above the preoperative IOP. They reported 5.7% OHT in 
both the vitrectomized and the fellow eyes of 368 patients 
who underwent PPV for an idiopathic epiretinal membrane. 
This study examined 23-G, 25-G, and 27-G, but not 20-G 
PPV. Wu et al. (11) defined SIOPE as IOP ≥24 mmHg or 5 
mmHg higher than the preoperative IOP, and reported that 

it was significantly higher in the vitrectomized eye than the 
fellow eye (19.2% vs 4.5%; p<0.0001) in 198 patients who 
underwent PPV for idiopathic ERM. They recommended an-
tiglaucomatous therapy for SIOPE. Akdere et al. (22) defined 
glaucoma as an IOP of >21 mm Hg and/or >4 mmHg higher 
than the preoperative IOP or fellow eye recorded in 2 vis-
its and declined glaucoma onset as 43% after PPV in 107 
patients. In our study, we accepted an IOP of ≥21 mmHg 
and/or ≥6 mmHg higher than the preoperative IOP or the 
addition of a new IOP-lowering drug as SIOPE (17). Within 
1 year of follow-up, 37% of the vitrectomized and 2% of the 
fellow eyes were diagnosed with SIOPE. 

Lalezary et al. (11) and Wu et al. (15) did not report a sig-
nificant difference between the preoperative IOP and IOP at 
the final follow-up performed after the 12th month. Akdere 
et al. (22) found that the mean IOP of vitrectomized eyes 
was higher than the preoperative value in a 1-year follow-up 
study, but without statistical significance. We also found that 
the IOP of vitrectomized eyes was significantly higher than 
the preoperative value IOP at the 1st, 6th, and 12th months.

Chang et al. (2) analyzed the mean IOP measured during 3 
consecutive visits and reported that the IOP of the vitrecto-
mized eye was significantly higher than that of the other eye 
>15 months after PPV (19.5±2.7 mmHg vs 14.3±3.0 mmHg; 
p<0.0001). Lalezary et al. (15) and Wu et al. (11) reported 
that there was no significant difference in the IOP between 
the 2 eyes at a last follow-up visit at least 12 months after 
PPV. Tognetto et al. (21) reported a significant difference in 
the IOP of treated and fellow untreated eyes 30 days after 
surgery, which gradually resolved to an insignificant differ-
ence within 26 months. Aykut et al. (7) studied IOP changes 
after PPV performed for rhegmatogenous retinal detach-
ment and observed similar IOP values at a 12-month fol-
low-up; however, they noted that the number of glaucoma 
medications needed postoperatively was significantly higher 
in the treated eye. Lee et al. (18) reported no significant 
difference in IOP between the eyes of 198 patients in a sin-

Table 3. Mean intraocular pressure values of the vitrectomized and fellow eye

Intraocular pressure Vitrectomized eye Fellow eye p

Preoperative (mmHg, mean±SD) 15.3±3.2 15.5±2.2 0.75

 1st day 11.1±6.1 15.4±2 <0.001

 1st month 17.4±5.8 15.2±1.8 0.4

Postoperative (mmHg, mean±SD)

 3rd month 16.2±3.5 14.9±1.9 0.73

 6th month 17.3±2.6 15.2±1.7 <0.001

 12th month 16.8±2.6 15.1±1.7 0.001

Independent-samples t-test, p<0.05 statistically significant.
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gle-slice measurement performed 4-140 months after PPV. 
Tognetto et al. (21) investigated long-term IOP in 368 eyes 
who underwent PPV for idiopathic ERM with 23-G, 25-G 
and 27-G instruments. All of the cases in that study were 
unilateral and the fellow eyes were used as a control group. 
The authors reported that the incidence of IOP ≥22 mmHg 
or >4 mmHg from the baseline value at the final visit was 
similar in both groups (5.7% in both). Govetto at al. (l6) 
compared the vitrectomized (20-G) and non-vitrectomized 
eyes of 156 patients and found that the prevalence of OAG 
in vitrectomized eyes was significantly greater using the ver-
tical cup/disc ratio and retina nerve fiber layer thickness for 
the diagnosis of OAG. In our study, the IOP of the vitrec-
tomized eye was significantly higher than that of the fellow 
eye at the 1st, 6th, and 12th months. The length of time after 
the procedure, the diversity of surgical indications, the gauge 
of the instruments, and the definition of OH and glaucoma 
used may explain differing results.

Fang et al. (14) defined OH as an IOP of ≥30 mmHg in 
the first 24 hours, ≥25 mmHg in the first 6 weeks, and 22 
mmHg afterward, and started antiglaucomatous treatment 
based on these findings. They noted that 68% of the IOP 
elevation occurred in the first month. We also observed the 
highest IOP values in the first month after PPV.

Postoperative IOP reduction, especially on the first post-
operative day, is another issue to consider when evaluating 
IOP changes. Charles et al. (8) compared 23-G and 27-G 
instruments and found a significantly lower IOP in the 23-G 
group. In our study, we compared 20-G and 23-G instru-
ments and observed an IOP decrease in the 23-G group, in-
dicating that wound leakage may be a result of sclerotomies 
left unsutured in the 23-G group.

The literature findings regarding IOP elevation following a 
lensectomy vary (2-4, 21). Our results revealed no significant 
difference in SIOPE between phakic and pseudophakic eyes 
(36% and 39%, respectively).

It has been postulated that a combined phacovitrectomy 
may be associated with a higher postoperative IOP than PPV 
alone (4). We did not find any significant difference in SI-
OPE between phaco-PPV and PPV procedures (36% vs 40%, 
respectively). The use of 20-G and 23-G instruments and 
the diversity of surgical indications may be the reason for 
different results.

It has been reported that the use of a tamponade, par-
ticularly silicone and C3F8, may increase the risk of post-
operative IOP elevation (14, 22-24). We did not find any 
relationship between tamponade use and SIOPE, however 
we excluded silicone tamponade cases and C3F8 was used 
only in 1 case.

Interpretation of the results of this study is limited by the 
small number of patients, the heterogeneity of etiologies, 

and the nonrandomized, retrospective design. IOP measure-
ment was not standardized (performed preoperatively with 
Tono-Pen and Goldmann applanation tonometry on subse-
quent examinations), and no photographic or OCT images 
of the optic nerve were available. Multicenter observational 
research of SIOPE and its effects on glaucomatous damage 
of the optic nerve in homogenous groups would be valuable. 

Despite some variability in study populations, definitions, 
and reporting, the current literature suggests a greater risk 
of developing OAG and OHT after a vitrectomy in compari-
son with the fellow eye (25).

In conclusion, the IOP may rise significantly even after an 
uncomplicated PPV compared with that of the fellow eye or 
the preoperative IOP. SIOPE, and preoperative IOP values 
should be taken into consideration in PPV evaluation, in ad-
dition to cross-sectional IOP measurements.
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