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Purpose: To identify risk factors and rates of post-traumatic ocular hypertension (OHT) in patients undergoing pars plana vitrectomy 
(PPV) for open-globe injuries.
Patients and Methods: Retrospective chart study including 98 eyes from 98 patients between 2008 and 2022 with open globe 
injuries who were hospitalized at a single academic institution and received first repair or exploration followed by PPV. Variables 
recorded included timing to the first PPV, best-corrected final visual acuity (VA) at the last follow-up, incidence of enucleation, type of 
injury, use of intravitreal antibiotics, number of eye surgeries, use of oral steroids, acetazolamide use, topical steroid use, lens status, 
silicone oil placement, and zone of injury (1–3). The ocular trauma score (OTS) was calculated using the variables globe rupture, 
development of endophthalmitis, initial VA, globe perforation, retinal detachment, and the presence of a relative afferent pupillary 
defect (RAPD). The primary endpoint was elevated intraocular pressure (IOP) sustained for more than six weeks following PPV. We 
performed a logistic regression to determine the factors that predicted the development of OHT post-PPV.
Results: Of 98 eyes included in the primary analysis, a total of 34 (34.69%) were diagnosed with sustained ocular hypertension 
(OHT) and 64 (65.31%) remained normotensive. The mean final IOP in the OHT group was 16.96 mmHg and 12.11 mmHg in the 
normotensive group (P < 0.01). Sex, age, OTS, injury type, zone of injury, preoperative IOP, and final VA were comparable between 
the OHT and normotensive groups. When adjusting for OTS, the use of silicone oil significantly predicted the development of ocular 
hypertension (odds ratio [95% CI], 5.63 [1.57–20.11]).
Conclusion: The incidence of ocular hypertension in our cohort was slightly higher than previously reported at 34.69%. PPV has 
been independently associated with elevated IOP post-operatively, but the need for PPV surgery can indicate more severe trauma 
leading to higher rates of increased IOP. Patients who had silicone oil utilized in their PPV had an approximately 5.63-fold increased 
odds of developing OHT, suggesting that silicone oil use may be a potent predictor of post-PPV OHT.
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Introduction
Glaucoma is a multifactorial family of progressive optic neuropathies associated with damage to retinal ganglion cells 
that can lead to irreversible blindness.1 It is a leading cause of ocular morbidity in the world, being the second most 
common cause of blindness in adults aged 50 years or older.2 In the United States, the prevalence of glaucoma in those 
over 40 years of age between the years 2005–2008 was estimated to be 2.1%, with 2.9 million individuals affected.3

The main risk factor for glaucoma is OHT. Glaucoma can be primary or secondary. Common causes of secondary 
glaucoma include trauma, aphakia, pars-plana vitrectomy (PPV)-associated, and neovascular glaucoma. The prevalence 
of these different causes varies by population and age group. For example, trauma was shown to be the most common 
etiology for secondary glaucoma among individuals younger than 20 years, while vitrectomy-induced glaucoma is an 
important cause in older patients.4
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Post-traumatic glaucoma can be particularly problematic due to the possibility of glaucoma being unnoticed until 
irreversible optic nerve damage occurs.5,6 The incidence of glaucoma has been estimated to be 3.39% six months 
following blunt ocular trauma, with varying factors being associated with an increased risk, including older age, iris 
injury, lens injury, hyphema, and angle recession.7 The incidence of glaucoma goes up to 10% ten years following 
injury.8 One important factor with regard to ocular injury is whether the injury involves open or closed-globe trauma.9 

Often, open globe injuries require multiple surgical interventions following the primary repair,8 which could also impact 
IOP and visual outcomes in these eyes.

In the present report, we aimed to identify risk factors and rates of post-traumatic ocular hypertension in patients 
undergoing PPV for open-globe injuries.

Methods
The Institutional Review Board of the University of Arkansas for the Medical Sciences (UAMS) authorized the study protocol, 
which was conducted in accordance with the Declaration of Helsinki. A retrospective chart review was conducted on 116 patients 
with open globe injuries who were hospitalized at UAMS between 2008 and 2022, and who underwent primary globe repair or 
exploration followed by PPV. All PPVs were performed by a single surgeon (S.H.U), while the primary wound closure and globe 
exploration were performed by multiple surgeons. Prior to analysis, all data were anonymized and de-identified. We excluded 
patients with less than 6 weeks of postoperative follow-up and patients without recorded initial visual acuity (VA). After 
exclusion criteria were applied, 98 patients were included in the primary analysis. 5000-centistoke silicone oil was used for all 
eyes that required silicone oil tamponade, and all patients were tapered off topical steroids 4 weeks post-PPV.

The indications for PPV were intraocular foreign bodies (IOFB), lens capsule rupture, dense vitreous hemorrhage, 
retinal detachment, and/or endophthalmitis. The 23-gauge Constellation system (Alcon Laboratories Inc, USA) was used 
to perform all vitrectomies. The primary endpoint was OHT sustained for more than six weeks following PPV. Patients 
were reported to have a diagnosis of sustained OHT based on having either of the following 3 variables post-PPV: (1) 
highest intra-ocular pressure (IOP) greater than 22 mmHg post-PPV on at least two consecutive visits, (2) use of ≥1 
glaucoma drops, or (3) the need for glaucoma surgery. Variables recorded included timing to the first PPV from the initial 
injury, best-corrected final VA at the last follow-up (interval-based VA was not recorded), the type of injury (blunt force, 
IOFB, sharp injury, and injury from a high-velocity projectile), use of intravitreal antibiotics, number of ocular surgeries, 
use of oral steroids, acetazolamide use, topical steroid use, lens status, silicone oil placement, and zone of injury (1–3). 
The ocular trauma score (OTS) was calculated using the variables globe rupture, development of endophthalmitis, initial 
VA, globe perforation, retinal detachment, and the presence of a relative afferent pupillary defect (RAPD). The OTS 
measures the severity of ocular trauma on a scale from 1 to 5, with 1 being the most severe and 5 being the least severe.

Statistical Analyses
Statistical analysis was conducted using STATA 14.2 (StataCorp LP, College Station, TX). Chi-square and the Wilcoxon rank- 
sum test were used to compare categorical and continuous data, respectively. Our primary analysis included performing 
a logistic regression to determine the factors that predicted the development of ocular hypertension post-PPV. Covariables in 
the model included age, sex, PPV timing, ocular trauma score, lens rupture, type of injury, number of surgeries, use of silicone 
oil, zone of injury (1–3), and presence of hyphema. A P-value of <0.05 was considered significant in all cases.

Results
A total of 116 eyes from 116 patients who underwent PPV following ocular trauma were followed for an average of 768 
days. Of these patients, those with less than 6 weeks of follow-up were excluded, leaving 98 patients for the primary 
analysis. A total of 34 patients (34.69%) were diagnosed with sustained ocular hypertension. Fourteen of the 34 patients 
with sustained ocular hypertension (41.18%) had silicone oil at the time of diagnosis. There was no evidence of silicone 
oil emulsification in any silicone oil-filled eyes. Proliferative vitreoretinopathy developed in 21.5% of eyes. The 
demographic characteristics and preoperative data of patients with and without OHT are summarized in Table 1. Of 
the 34 patients with OHT, 28 (82.35%) were males, while there were 64 patients without OHT, of whom 51 (79.69%) 
were males (P=0.751). The mean (standard deviation (SD)) age for OHT patients was 46.08 (19.71) years and 44.15 
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(18.36) years in the normotensive group (P=0.511). The OTS was comparable between the two groups, with the OHT 
group having a mean (SD) score of 2.12 (0.71) and the normotensive group having a score of 2.09 (0.86) (P=0.690). 
Injury type was also comparable between the normotensive and OHT groups, with a majority of cases caused by blunt 
trauma in both groups (60.94% and 52.94%, respectively) (P=0.505). Most cases involved zone 2 injury in both the 
normotensive and OHT group (50.00% and 47.06%, respectively). The mean (SD) preoperative IOP was 14.17 (8.97) 
and 13.56 (10.84) mmHg in patients in the normotensive and OHT group, respectively. The preoperative IOP was not 
significantly different between the two groups (P=0.349). The mean (SD) final IOP in the OHT group was 16.96 (5.46) 
and 12.11 (6.12) in the normotensive group (P<0.01) (Figure 1). Final VA in logarithm of the minimum angle of 

Table 1 Patient Presenting Characteristics

Characteristic Overall, N=98 Hypertensive (HTN) Status P-value*

Normotensive, n=64 Ocular HTN, n=34

Sex, N (%) 0.751

Male 79 (80.61) 51 (79.69) 28 (82.35)
Female 19 (19.39) 13 (20.31) 6 (17.65)

Age, Mean (SD) 44.82 (18.77) 44.15 (18.36) 46.08 (19.71) 0.511

OTS, Mean (SD)a 2.09 (0.86) 2.09 (0.92) 2.12 (0.71) 0.690

Injury type, No. (%) 0.505

Blunt 57 (58.16) 39 (60.94) 18 (52.94)

Sharp 24 (24.49) 15 (23.44) 9 (26.47)
IOFB 15 (15.31) 8 (12.50) 7 (20.59)

Projectile 2 (2.04) 2 (3.12) 0 (0)

Zone 1 Injury, N (%) 43 (44.33) 29 (45.31) 14 (41.18) 0.695

Zone 2 Injury, N (%) 48 (48.98) 32 (50.00) 16 (47.06) 0.782

Zone 3 Injury, N (%) 41 (41.84) 30 (46.88) 11 (32.35) 0.165

Lens rupture, N (%) 32 (38.56) 19 (36.54) 13 (41.94) 0.625

Hyphema, No. (%) 13 (13.27) 9 (14.06) 4 (11.76) 0.750

Pre-operative IOP, Mean (SD) 13.95 (9.60) 14.17 (8.97) 13.56 (10.84) 0.349

Notes:*P-values for χ2 test for categorical variables and Wilcoxon rank-sum for continuous. aOTS score utilizes the variables initial 
vision, globe rupture, endophthalmitis, perforating injury, retinal detachment, and afferent pupillary defect. 
Abbreviations: OTS, ocular trauma score; IOP, intraocular pressure; VA, visual acuity; IOFB, intraocular foreign body; SD, standard 
deviation; N, number of eyes.

Figure 1 Mean final postoperative intraocular pressure in ocular hypertensive and normotensive groups.
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resolution (logMAR) was comparable between groups with a mean (SD) VA of 1.71 (0.94) in the OHT group and 1.47 
(0.94) in the normotensive group (P=0.349).

We applied a multivariable logistic regression to assess the factors associated with the development of OHT following 
ocular trauma while adjusting for OTS. We found that the use of silicone oil significantly predicted the development of 
OHT (odds ratio [95% CI], 5.63 [1.57–20.11], P=0.008).

Discussion
Ocular trauma remains a major cause of visual impairment worldwide. Open globe injury is a subset of ocular trauma in 
which there is a full-thickness wound through the cornea or the sclera.9 This subset of ocular trauma is associated with 
significant ocular morbidity; one study found that 48.1% of patients with open-globe injury had a best-corrected VA of 
less than 0.02 logMAR, an outcome which was associated with hypotony, vitreous hemorrhage, iris dialysis, and worse 
VA at presentation.10 In another study, 44.8% of patients with open-globe injury had a final VA at follow-up of less than 
6/60, with RAPD, zone 3 injury, IOFB, and eyelid injury at presentation all being associated with this poor outcome.11

Persistent OHT and secondary glaucoma are also sequelae of ocular trauma that have been documented in the 
literature.6,7,12,13 Unfortunately, the clinical course and long-term outcomes with regard to OHT following severe open- 
globe injury requiring PPV have not been extensively studied. Our study adds to this knowledge by elucidating specific 
risk factors for OHT in patients, with open globe injury undergoing PPV.

The overall incidence of OHT meeting the criteria outlined above in our cohort was 34.69%. This is in comparison to 
other studies in which the incidence of OHT ranged from 17% to 23.3%.12,14 Differences in these rates can potentially be 
explained by our inclusion criteria, differences in background population characteristics, follow-up extent, and the fact 
that all of the patients in our cohort underwent PPV, which in and of itself has been shown to be associated with increased 
IOP in the post-operative period.15 Furthermore, the need for PPV surgery can indicate more severe trauma leading to 
higher rates of increased IOP. Prior studies mentioned above showing lower rates of OHT following open-globe trauma 
had either a very low number of patients undergoing PPV (only 5) or an unreported number.12,14

The issue of PPV affecting IOP may raise questions as to whether this confounds the results that we have found. 
However, one study on the effect of PPV on IOP found that only 19.5% of patients had increased IOP following PPV, with 
criteria for increased IOP being IOP ≥30 mmHg within 24 hours after surgery, IOP ≥25 mmHg any time between 
postoperative day 2 and 6 weeks, or IOP ≥22 mmHg following 4 weeks postoperatively.15 This is in comparison to our 
rate of IOP increase being 34.69% following open-globe injury in patients undergoing PPV, and while our criteria for OHT 
was slightly more inclusive in the period leading up to 6 weeks postoperatively, the criteria are similar to other studies that 
have shown that open-globe injury itself is an independent risk factor for increased IOP and glaucoma development.12,13

Of note, our study did not control for whether patients had glaucoma prior to their injury, as the vast majority of 
patients presented for the first time at their trauma. However, our patients represent a younger population with a mean age 
of 46.08 and 44.16 for patients in the OHT and normotensive groups, respectively. This is in comparison to reports 
showing the average age of patients with glaucoma to be 57.83 years, with 93% of patients diagnosed with glaucoma 
being age 55 and above.16,17 Thus, we surmise that prior diagnosis of glaucoma was likely not a significant confounding 
factor. Our study is also limited by the fact that we did not have optic nerve head imaging and visual field testing for the 
patients during the follow-up period. These tests are usually unreliable in patients with a history of eye trauma, so we 
opted to assess for the development of OHT rather than the specific development of glaucoma in our study. Additionally, 
the retrospective nature of the study precluded our ability to further characterize specific analyzed risk factors, such as 
size and duration of hyphema and the amount of fill and duration of silicone oil. Documented gonioscopic exams were 
also not routinely available, so the presence of iridocorneal angle pathology, such as angle recession, iridodialysis, or 
cyclodialysis, could not be used as variables in our analysis.

Through a multivariable logistic regression analysis, we found a significant association between the use of silicone oil and 
the development of OHT. Patients who had silicone oil placed during PPV had an approximately 5.63-fold increased odds of 
developing OHT. This relationship persisted even after adjusting for the OTS, suggesting that silicone oil use may be a potent 
predictor of post-PPV OHT in the setting of open globe injury. It is well known that silicone oil-filled eyes in non-trauma 
settings are prone to developing OHT.18 However, only 41.18% of eyes with sustained OHT in our study had silicone oil 
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tamponade. This suggests that ocular trauma independently contributed to the development of sustained OHT post-PPV. It is 
therefore reasonable to suggest that the increased risk of persistent OHT in trauma eyes requiring silicone oil tamponade is 
independent of the use of silicone oil itself but rather possibly because the need for silicone oil during PPV signifies more 
severe trauma. Our findings underscore the importance of vigilant postoperative monitoring for OHT in patients who undergo 
PPV for trauma-related complications, particularly in patients with silicone oil use.
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