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Purpose: To identify factors predictive of serious ocular injury requiring urgent consultation by ophthalmology in patients presenting 
with blunt trauma orbital fractures.
Methods: This is a retrospective study of adult patients diagnosed with orbital fractures after blunt trauma at a university medical 
center emergency room. Patient records were examined over a three-year period. Data including mechanism of injury, fracture 
location, ocular symptoms, and examination findings were recorded. Ocular injuries were divided into three levels of severity: mild, 
moderate, and severe. Fracture characteristics, patient demographics, and examination findings were analyzed using multinomial 
regression to identify risk factors for more severe injury.
Results: One hundred and eighty-six patients met inclusion criteria. For 29.6% of patients, urgent ophthalmologic consultation was 
required. Ruptured globes occurred in 2.2% of injuries. There was a statistically significant association between severe ocular injury 
and three examination findings: poor vision (OR 14.5; p < 0.001), afferent pupillary defect (OR 44.8; p < 0.001), and abnormal 
pupillary reaction (OR 28.0; p < 0.001). Likewise, blurry vision (OR 3.6; p = 0.018), ocular pain (OR 3.7; p = 0.011), and facial pain 
(OR 4.4; p = 0.031) were also associated with an increased risk of severe ocular injury. Abnormal pupillary reaction was associated 
with moderate injury (OR 4.5; p = 0.041). Demographic factors, mechanism of injury, anti-coagulant use, fracture location, diplopia, 
no documented vision, subconjunctival hemorrhage, chemosis, and motility restriction were not associated with injury severity.
Conclusion: Most patients who presented to the emergency room with an orbital fracture did not require urgent ophthalmologic 
consultation. The presence of blurry vision, ocular pain, facial pain, poor vision, and afferent pupillary defect significantly increased 
the odds of severe injury. Abnormal pupillary reaction was associated with both moderate and severe injury.
Keywords: orbital fracture, ocular injury, globe rupture, ocular trauma

Introduction
From 2001 to 2014, trauma to the orbit accounted for 25% of inpatient admissions due to an ophthalmic disorder in 
hospitals throughout the United States.1 The incidence of orbital floor fractures in the US increased by 47%, from 2006 to 
2017.2 The presence of severe ocular injury in patients with orbital fractures in an emergency setting ranges from 2.7% to 
13.7%.3–7 This variability in incidence may be related to differences in the criteria for classifying severe ocular injury. 
For example, some papers define it as any injury with a risk of vision loss, while others list out every diagnosis that falls 
into the severe category. In general, the occurrence of severe ocular injury and the need for emergent surgery in the 
setting of orbital fracture is low.8,9 Proper identification of clinical factors predicting underlying severe ocular injury is 
important in an emergency setting since it can guide management decisions and therefore affect clinical outcome. Prior 
studies have investigated the predictive value of many exam findings. Poor visual acuity (VA) has been frequently cited 
as a risk factor for ocular injury; however, the precise cutoff of poor visual acuity varies from LogMAR VA worse than 
0.2 to inability to count fingers.4,6,10,11 The presence of an afferent pupillary defect (APD) has also been identified as 
a risk factor for ocular injury.10 Findings on imaging, including the radiographic depth of fracture and location of the 
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fracture, particularly if the fracture extends into the posterior third of the orbit or if it involves the medial wall and orbital 
floor, can be suggestive of ocular injury.10,12 Likewise, complex fractures, including Le Fort II and III fractures, identified 
on imaging have been noted to increase the risk of ocular injury.13 The mechanism of injury, specifically penetrating 
trauma, has also been associated with a greater likelihood of injury.10 Ocular symptoms such as blurry vision, pain, and 
photophobia have been evaluated more recently as predictive factors.14,15 Diplopia is one symptom that has long been 
thought of as an indicator of extraocular muscle entrapment and suggests ocular injury.11,16 More recent studies by 
Richani et al have suggested that pain with eye movements, blurry vision, and motility restriction were predictive of 
severe ocular injury.15 Rossin et al integrated poor VA, diplopia, mechanism of injury, and location of fracture into an 
algorithm that, when combined with additional findings of chemosis and conjunctival hemorrhage, can foretell a higher 
risk of “substantial” ocular injury, defined as injuries requiring urgent or close follow up.16 Though these studies have 
identified several risk factors for severe injury, they differ regarding which factors are considered the most 
prognosticative.

In this study, we examined the strength of association between ocular injuries and several predictive factors – 
including some less commonly studied characteristics, such as anti-coagulant (AC) and anti-platelet (APT) drug use and 
the absence of a VA on presentation – in patients diagnosed with orbital fractures in the Emergency Department (ED). 
Based on our analysis, we determined which patients are most likely to have severe ophthalmic injuries requiring urgent 
ophthalmologic consultation.

Materials and Methods
This study was approved by the Stony Brook University Institutional Review Board. It is Health Insurance Portability 
and Accountability Act compliant with protection of individually identifiable information and adheres to the tenets of the 
Declaration of Helsinki as amended in 2013. We retrospectively reviewed the medical records of patients who presented 
to the ED at Stony Brook University Hospital, a level I trauma center, with one or more orbital fractures between 
March 21, 2017 and March 21, 2020. A total of 1089 encounters were identified from a search of the electronic medical 
record using orbital fracture ICD-10 codes – any encounter coded with S02.12, S02.3, S02.83, S02.84, and all of the 
more specific codes below them were included. Patients were excluded if they were less than 18 years old, had a history 
of penetrating trauma, did not have an ophthalmologic evaluation within 24 hours of arrival, or if their fracture was not 
confirmed with computed tomography. Information on patient demographics, mechanism of injury, medication use, 
symptoms, fracture characteristics (including location and examination, number of walls), and immediate interventions 
was obtained from the initial ophthalmology consultation. Mechanisms of injury were classified as, “assault”, “falls”, 
“motor vehicle accident”, or “other blunt trauma.” “Other blunt trauma” included sports injuries, accidents caused by 
blunt objects, and injuries that did not fit into the previous three categories.

Patients were differentiated based on presence or absence of symptoms. “Symptomatic” patients had at least one of 
the following symptoms: blurry vision, a sensation of pressure, ocular pain, facial pain, facial numbness, pain specifically 
with extraocular movements, diplopia, nausea, floaters, or photopsias. Blurry vision, ocular pain, pain specifically with 
extraocular muscle movements, facial pain, headache, and diplopia were additionally studied as stand-alone symptoms. 
“Asymptomatic” patients lacked any of these complaints.

VA was measured at near with a Rosenbaum pocket vision screener. Consistent with prior studies, VA of 20/40 or 
worse was defined as poor vision.6,15 If the VA could not be obtained from the patient – due to intubation, lack of 
cooperation, or altered mental status – it was recorded as “no documented vision”. “Abnormal pupillary reaction” was 
defined as presence of an APD, a questionable APD on exam, or an unreactive pupil. If pupils were obscured, or the 
presence of an APD could not be determined, such patients were excluded from analysis. Orbital wall fractures were 
categorized by the location of the fracture (“floor”, “medial wall”, “lateral wall”, or “roof”), and by the number of walls 
fractured.

Acuity of consultation was based on injury severity, which was based on previous literature.14–16 Patients were 
categorized by their most severe injury. “Severe” injuries comprised hyphema, globe rupture, vitreous hemorrhage, 
traumatic optic neuropathy, and retrobulbar hemorrhage. Since these injuries are potentially vision-threatening or may 
require surgical intervention, “urgent” ophthalmologic consultation was felt to be needed, without delay. “Moderate” 
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injuries (eyelid laceration, conjunctival laceration, corneal abrasion, traumatic iritis, microhyphema, iris sphincter tear, 
commotio retinae, retinal hemorrhage) required “expedited” ophthalmologic evaluation within a few hours, but not 
necessarily immediately.16 The remaining patients with “mild” injuries (periorbital swelling, periorbital ecchymosis, 
eyebrow laceration or abrasion, conjunctival injection, chemosis, and subconjunctival hemorrhage) could undergo more 
routine or “non-urgent” ophthalmologic consultation. Such non-urgent consultation should still be within 24 hours, in our 
estimation, for an eye specialist to confirm the initial impression of only mild ocular injury. At times in this paper, we 
have found it useful to refer to the combination of “severe” and “moderate” ocular injuries as “serious” injuries.

The incidences of injuries and specifically of globe rupture were determined. We further sought to ascertain if AC or 
APT drug use was associated with an increased risk of “severe ocular hemorrhage”, defined as presence of hemorrhagic 
chemosis, hyphema, vitreous hemorrhage, or retrobulbar hemorrhage. The relationship between different risk factors – 
age, race, mechanism of injury, AC or APT use, number of walls fractured, fracture location, subconjunctival hemor-
rhage, chemosis, motility restriction, and lack of a documented VA – and injury severity was analyzed for statistical 
significance using the Chi-Square test of independence or Fisher’s Exact Test. A multinomial logistic regression analysis 
was used to determine the odds ratios (OR) of the different risk factors for mild, moderate, and severe ocular injuries. For 
the multinomial analysis, mild injuries served as the reference category. All statistical analyses were performed using 
SPSS Version 28 for Windows (Armonk, NY, USA: IBM Corp).

Results
A total of 186 patients who presented to the ED with one or more orbital fractures met our study criteria. Patients were 
seen by an ophthalmologist, on average, within eight hours of presentation to the ED (range 0.5–24 hours). Demographic 
data and clinical characteristics of their injuries along are listed in Table 1 and the results of the multinomial regression 
analysis are listed in Table 2. Average patient age was 54.6 years (range 18–101 years), with 73.7% male and 76.3% 

Table 1 Demographics and Clinical Characteristics of Patients with 
Orbital Fractures

Demographics and Characteristics Values

Age – mean (SD), years 54.6 (± 22.5)

Sex – no. (%)

Male 137 (73.7)

Female 49 (26.3)

Race – no. (%)

White 142 (76.3)

Black 11 (5.9)

Asian 6 (3.2)

Hispanic 9 (4.8)

Other 18 (9.7)

Mechanism of Injury – no. (%)

Assault 40 (21.5)

Fall 82 (44.1)

Motor Vehicle Accident 37 (19.9)

Other 27 (14.5)

Anti-Platelet or Anti-coagulation Use – no. (%) 38 (20.4)
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Caucasian. Age, sex, and race were not statistically associated with an increased risk of ocular injury (p = 0.135, p = 
0.567, and p = 0.323, respectively), despite all globe ruptures occurring in Caucasian patients over the age of 70. 
However, patients greater than 55 years of age did have a two-fold increase in the odds of severe injury (Table 2). The 

Table 2 Multinomial Regression Analysis of Risk Factors for Ocular Injuries

Risk Factors Number of 
Patients (%)

Severe Moderate

OR P-value OR P-value

Age – > 55 years of age 94 (50.5) 2.0 0.135 1.1 0.846

Sex – Males 137 (73.7) 1.4 0.567 1.1 0.777

Race – White 142 (76.3) 0.7 0.323 1.0 0.988

Mechanism of Injury – Fall 82 (44.1) 1.3 0.255 1.2 0.331

Anticoagulant Use 38 (20.4) 1.1 0.872 0.6 0.415

Symptoms

Symptomatic 89 (47.8) 4.1 0.016* 1.8 0.198

Blurry Vision 30 (16.1) 3.6 0.018* 1.5 0.493

Ocular Pain 41 (22.0) 3.7 0.011* 1.8 0.216

Pain with extraocular movement 12 (6.5) 0.6 0.660 0.4 0.454

Diplopia 21 (11.3) 0.6 0.623 1.2 0.792

Facial Pain 13 (7.0) 4.4 0.031* 1.4 0.706

Headache 9 (4.8) 2.3 0.338 0.8 0.816

Examination Findings

Poor Vision 51 (27.4) 14.5 <0.001* 1.6 0.285

No Documented Vision 28 (15.1) 2.5 0.087 1.7 0.336

Afferent Pupillary Defect 10 (5.4) 44.8 <0.001* 2.1 0.559

Abnormal pupillary reaction 16 (8.6) 28.0 <0.001* 4.5 0.041*

Chemosis 51 (27.4) 0.9 0.902 1.3 0.535

Subconjunctival Hemorrhage 79 (42.5) 1.3 0.602 0.9 0.889

Motility Restriction 31 (16.7) 0.8 0.716 1.5 0.434

Location of Fracture

Orbital Roof 26 (9.2) 1.3 0.645 0.9 0.854

Medial Wall 61 (21.6) 1.5 0.416 1.4 0.450

Lateral Wall 44 (15.6) 1.4 0.542 0.6 0.291

Orbital Floor 151 (53.5) 0.6 0.291 0.7 0.502

Single Wall Orbital Floor 82 (44.1) 0.5 0.156 0.9 0.775

Multi-Wall Orbital Floor 69 (37.1) 1.3 0.533 0.9 0.811

Number of Walls involved – Multiple 83 (44.6) 1.4 0.276 0.9 0.660

Notes: *Statistically significant association (P < 0.05). Mild injuries served as the reference category for analysis.
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most common cause for an orbital fracture was fall (n = 82, 44.1%), followed by assault (n = 40, 21.5%), motor vehicle 
accident (n = 37, 19.9%), and other blunt trauma (n = 27, 14.5%). The various mechanisms of orbital trauma did not 
factor into severity of ocular injury (p = 0.255 for severe injuries; p = 0.331 for moderate injuries). Thirty-eight patients 
(20.4%) were taking some form of ACs or APTs – specifically, aspirin, apixaban, warfarin, ticagrelor, or clopidogrel – at 
the time of their injury. The use of ACs and APTs did not increase the odds of severe or moderate ocular damage (p = 
0.872 and p = 0.415, respectively) or of severe ocular hemorrhage (OR 0.844; 95% CI: 0.288–3.127; p = 0.800).

Symptomatic patients accounted for 47.8% of study patients, and had increased odds of severe ocular injury, with an 
OR of 4.1 (95% CI: 1.3–13.2; p = 0.016). When symptomatic patients were sub-divided by their reported complaints, 
only blurry vision (OR 3.6; 95% CI: 1.2–10.4; p = 0.018), ocular pain (OR 3.7; 95% CI: 1.3–10.0; p = 0.011), and facial 
pain (OR 4.4; 95% CI: 1.1–16.8; p = 0.031) were each significantly associated with severe ocular injury, necessitating 
urgent ophthalmologic consultation. None of the symptoms listed in Table 2, statistically, were associated with moderate 
injury; blurry vision, however, increased the odds of moderate injury 1.5-fold, ocular pain increased it 1.8-fold, and facial 
pain increased it 1.4-fold. Pain with extraocular movements and visual diplopia did not point to severe ocular injury (p = 
0.660 and p = 0.623, respectively).

Poor vision was determined to be significantly associated with severe ocular injury, with an OR of 14.5 (95% CI: 3.9– 
54.2; p < 0.001). Poor vision also increased the chances for moderate injury, but by an amount that was not statistically 
significant (Table 1). Twenty-eight patients lacked a documented VA and were not included in the analysis of VA. 
Nevertheless, having no documented VA was calculated to increase the odds of severe ocular injury by 1.6 times (p = 
0.087). Regarding the pupillary exam, 5.4% of patient had an APD, 1.6% had a questionable APD, and 1.6% of study 
patients had unreactive pupils. Further breakdown revealed that an APD was present in 1.5% of patients with mild injury, 
3.1% with moderate injury, and 30.4% of patients with severe injury. A finding of APD was statistically associated with 
severe ocular injury with an OR of 44.8 (95% CI 8.2–244.8; p < 0.001), but not with moderate ocular injury (p = 0.559). 
Abnormal pupillary reaction, on the other hand, significantly correlated with both severe and moderate ocular injury, with 
an OR of 28.0 (95% CI 7.1–111.1; p < 0.001) and 4.5 (95% CI 1.1–19.1; p = 0.041), respectively; these patients required 
urgent and expedited consultation by ophthalmology. All patients requiring emergent surgical intervention had either an 
abnormal pupillary reaction or pupils that could not be evaluated. Like pain with eye movement and diplopia, motility 
restriction was not found to be statistically associated with injury severity (p = 0.716). Of note, extraocular muscle 
entrapment did not develop in any of the study patients.

The orbital floor was the most fractured site (53.5%), followed by the medial wall (21.6%), lateral wall (15.6%), and 
orbital roof (9.2%). Of the orbital floor fracture cases, 86 (46.2%) involved the left orbital floor, and 82 (44.1%) the right 
orbital floor, while 18 (9.7%) were bilateral. Just over half of injuries involved a single wall fracture, with the others 
involving multiple walls. The orbital floor had the lowest odds ratio of severe ocular injury at 0.6 (p = 0.291) and medial 
wall fractures had a relatively higher odds ratio of severe ocular injury at 1.5 (p = 0.416). The overall incidence of globe 
rupture was 2.2% in our study. Globe rupture only occurred in the setting of medial wall or orbital floor fractures; 
further, having a medial wall fracture doubled the odds of globe rupture (OR of 2.1; p = 0.468). Despite this 
predilection, there was ultimately no statistically significant relationship between location of fracture and seriousness 
of ocular injury. The number of walls involved, whether single or multiple, also did not affect the injury severity (p = 
0.276).

Fifty-five patients (29.6%) sustained serious ocular injuries, of which twenty-three (12.4%) were severe, requiring 
urgent ophthalmologic consultation (Table 3). Hyphema (8%) was the leading type of severe injury. Five patients (2.7%) 
with severe injuries underwent emergent surgical intervention – four (2.2%) with ruptured globes and one with orbital 
compartment syndrome from retrobulbar hemorrhage, requiring a lateral canthotomy. Commotio retinae (5.9%) was the 
most frequent moderate injury diagnosed. Among patients with mild injury, nearly two-thirds had periorbital ecchymosis. 
The absence of the following – ocular symptoms (p = 0.016), poor vision (p < 0.001), APD (p < 0.001), or abnormal 
pupillary reaction (p < 0.001) – was significantly associated with mild injuries that did not necessitate urgent evaluation 
by ophthalmology.
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Discussion
Although most orbital fractures are not associated with significant ocular injury, some can still lead to potentially vision- 
threatening complications. We have looked at a variety of factors in this study, including some less commonly studied 
patient risk factors, to determine if they might increase the chance of severe ocular injury. We found that our incidence of 
severe ocular injury (12.7%) and of globe rupture (2.2%) were similar to previously reported incidences.10,15,16 Certain 
specific symptoms, poor vision, and abnormal pupillary reaction are associated with severe ocular injury in patients with 
blunt mechanism orbital fracture. Such patients require urgent ophthalmologic consultation in order to be evaluated for 
associated intraocular injuries.

Our investigation reemphasizes the importance of considering patient symptoms when stratifying the urgency of 
ophthalmologic consultation in the setting of orbital fracture;17 visually asymptomatic patients were less likely to have 
severe ocular injury. “Blurry vision”, “ocular pain”, and “facial pain” were independently and significantly associated 
with severe ocular injury. Blurry vision, ocular pain, and facial pain additionally raised the odds ratio of moderate injury 
by 1.5, 1.8, and 1.4 times, respectively, though not reaching statistical significance. Poor vision is another independent 
risk factor for severe ocular injury. Although the definition of poor vision varies among studies, we have found that a VA 
of worse than 20/40 is associated with severe injuries. Many studies exclude patients that do not have a documented VA. 
In our study, we found that patients without documented VA have a more than two-fold increase in odds of severe ocular 
injury, and of moderate injury by 1.7 times. However, this was not to a level of statistical significance. Abnormalities on 

Table 3 Classification of Ocular Injuries into Severe, Moderate, and Mild

Classification of 
Injury

Ocular Injury Type Number of Patients 
(%)

Severe Hyphema 8 (4.3)

Globe Rupture 4 (2.2)

Vitreous Hemorrhage 4 (2.2)

Traumatic Optic Neuropathy 2 (1.1)

Retrobulbar Hemorrhage 5 (2.7)

Moderate Eyelid Lacerations 8 (4.3)

Conjunctival Laceration 1 (0.5)

Corneal Abrasion/Laceration 7 (3.8)

Traumatic Iritis 6 (3.2)

Microhyphema 2 (1.1)

Iris Sphincter Tear 3 (1.6)

Commotio Retinae 11 (5.9)

Retinal Hemorrhage 6 (3.2)

Mild Periorbital Swelling 87 (46.8)

Periorbital Ecchymosis 120 (64.5)

Eyebrow Laceration or 

Abrasion

3 (1.6)

Conjunctival injection 9 (4.8)

Chemosis 51 (27.4)

Subconjunctival Hemorrhage 79 (42.5)
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the pupillary exam are associated with greater odds of severe injury. These patients require urgent consultation by 
ophthalmology. Abnormal pupillary reaction was statistically associated with moderate injuries as well; consultation in 
these cases should still be without delay, due to the possibility of a more severe injury. An abnormal pupillary exam was 
also present in all study patients who needed emergent surgery. Absence of these factors was significantly associated with 
mild injury; ophthalmologic consultation for such patients can be provided on a non-urgent basis.

From our analysis we failed to identify an increased risk of ocular injury based on demographic factors, fracture 
characteristics, and mechanism of injury. These factors are therefore not as helpful in determining the need for 
ophthalmologic consultation. Fracture characteristics did not significantly affect the severity of ocular injury. We were 
unable to identify statistically significant associations based on location or complexity of fractures, such as a multiple 
wall orbital fracture. However, we determined that the orbital floor had the lowest odds of severe injury, while lateral 
wall fractures had a relatively higher odds of severe injury. The highest odds occurred with medial wall fractures. Our 
findings regarding predictive value of location are similar to those of Thurston et al.18

Although many of our findings are consistent with past studies, some of our risk factors did not have the same 
predictive value. Diplopia has been noted by some to potentially indicate more severe ocular injury.11,16 By contrast, 
when we analyzed diplopia as an isolated symptom, we did not establish this same association. Other investigators have 
suggested that pain with eye movements and restricted motility are predictive of severe ocular trauma.11,16 In our study, 
pain with eye movements and restricted motility were also not associated with severe injury, likely due to the absence of 
extraocular muscle entrapment in our cohort.

Several orbital fracture studies have determined injury mechanism to factor into severity of ocular injury, but with 
varying conclusions.10,15,16 Andrews et al observed that penetrating trauma caused severe ocular injury more often than 
blunt force trauma.10 Rossin et al identified blunt trauma with a foreign object as a risk factor in their algorithm for 
predicting substantial ocular injury.16 Contrary to these studies, we did not connect the mode of trauma to severity of 
ocular injury, perhaps due in part to our exclusion of penetrating trauma. AC and APT use also did not increase risk of 
severe ocular hemorrhage or serious ocular injury.

The design of this investigation includes a representative patient population, builds upon the use of symptoms to 
calculate risk, and quantifies the association of pertinent risk factors with the degree of injury in the setting of orbital 
fracture. It is the first study to our knowledge that additionally examines whether factors such as AC and APT use, or the 
state of being unable to have visual acuity measured, increase the likelihood of serious or severe ocular injury. 
Limitations of this study include that it is a retrospective analysis and possibly subject to selection bias. There is also 
a lack of longitudinal data, as no baseline or long-term ophthalmologic evaluations were included in the analysis. Future 
prospective studies with longitudinal data and meta-analyses may provide additional guidance for clinical decision- 
making in the setting of orbital fractures.

Conclusion
Most patients who present to the emergency room with an orbital fracture do not require immediate or urgent 
ophthalmologic consultation. This retrospective study identified, however, that the presence of blurry vision, ocular 
pain, facial pain, poor vision, and APD significantly increase the odds of a severe ocular injury. Abnormal pupillary 
reaction is associated with both severe and moderate injury. Presence of these findings should prompt an urgent 
consultation to ophthalmology. Ocular symptoms, VA, and the pupil exam should be a significant focus of the initial 
evaluation of a patient with blunt ocular trauma. Consideration of these factors can help in the triage of blunt trauma 
orbital fractures, by enabling clinicians to predict the likelihood of serious ocular injury and determine the acuity of 
ophthalmologic consultation.

Abbreviations
VA, Visual Acuity; APD, Afferent pupillary defect; ED, Emergency Department; AC, anticoagulant; APT, anti-platelet.
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