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Abstract: 

Purpose: To investigate the incidence, management modalities, and outcomes of three types of ocular trauma: traumatic hyphema, open-globe injuries, and orbital fractures. 

Methods: A retrospective study of patients presenting to the Yale University Eye Center with ocular trauma from 1998 to 2002 was performed. Data examined included patient demographics, mechanism of injury, signs and symptoms at presentation, management, visual outcome, and complications. 

Results: There were 240 patients with ocular trauma: 79 with traumatic hyphema secondary to closed globe injury, 67 with open-globe injury, and 94 with orbital wall fracture. The mean age of patients in each group was 25, 38, and 32 years, respectively. Ocular trauma was more common in men than women (71% versus 29%). Final visual acuity of 20/50 or better was achieved in 83% of patients with traumatic hyphema, 41% of patients with open-globe injuries, and 91% of patients with orbital fracture.  Angle recession rate in traumatic hyphema cases was 12.6% and re-bleeding rate was 2.5%. There were no case of post-traumatic endophthalmitis. 

Conclusions:  In the present study,  the rate of angle recession and re-bleeding in cases of traumatic hyphema was foundto be lower than previously reported. In eyes with penetrating injuries, no post-traumatic endophthalmitis was seen. Methods of prevention of ocular trauma should be encouraged.     

Introduction: 

Ocular trauma is one of the leading causes of blindness and has a major impact on both patients and society.  Eye injuries cause loss of patient productivity and utilize valuable medical resources. The annual rate of ocular trauma is estimated to be 29.1 cases per 100,000 population. 

In the present study, we examined three types of ocular injury: traumatic hyphema, open-globe injury, and orbital fracture, all of which are associated with significant ocular morbidity.2,3,4,5 For each entity, data on epidemiology, clinical presentation, visual outcome, and prognosis were analyzed.
Methods: 


Patients who presented to Yale University Eye Center with traumatic hyphema, open globe with or without prolapse of intraocular tissue, and orbital fracture from 1998 to 2002 were included in the study. Charts were reviewed retrospectively and the following data were recorded: age at the time of injury, gender, race, presenting signs and symptoms, management, complications, and visual outcome. In cases of traumatic hyphema additional information was obtained regarding the presence of vitreous hemorrhage, angle recession, traumatic cataract, lens subluxation, corneal staining, secondary bleeding, the need for anterior chamber washout, and the time required for resolution of hyphema. In open globe injury cases, additional data was obtained on the site of injury (cornea, limbus, sclera, both cornea and sclera), presence of intraocular foreign body, and incidence of post-traumatic endophthalmitis. Hyphema cases associated with an open-globe were classified as open globe injuries. Eyes with orbital fractures were evaluated for the presence of motility deficit, traumatic optic neuopathy, hyphema, and vitreous hemorrhage. Specific site of orbital wall fracture based on CT scan findings was also recorded.

Results: 

Two hundred and forty patients were included in the study. Seventy-nine (33%) had traumatic hyphema secondary to closed globe injury. One patient had bilateral hyphema. Sixty-seven patients (28%) had an open globe injury. One patient had bilateral open-globe injuries. Ninety-four patients (39%) had fracture of one or more walls of the orbit.

Hyphema: 

The mean age of patients with traumatic hyphema was 25 years (range 2-90, median age 18). Thirty-five (44%) were 16 years of age or younger and 6 (7.5%) were 60 years or older. Seventy percent of patients were male. Fifty-four (69%) were Caucasian, 13 (16%) African American, 9 (11%) Hispanic, and 3(4%) Asian. 

Figure 1 summarizes the causes of traumatic hyphema. The most common mechanism of injury was blunt trauma directed towards the globe. Sports associated injuries accounted for 13 (16.6%) of injuries, and motor vehicle accidents accounted for 12 (15%). Traumatic hyphemas were categorized as stages 1, 2, 3, or 4. Stage 1 was defined as blood filling less than one third of the anterior chamber, stage 2 as blood filling between one third and one half of the anterior chamber,  stage 3 as blood filling more than half, but less than the full anterior chamber, and Stage 4 as total hyphema. In this series, 79% of patients had stage 1 and 9% had stage 4 hyphema. The mean time to resolution of hyphema was 7.1 days (range 2-20, median 6). At presentation, visual acuity was 20/50 or better in 31 (39.7%) patients. Immediately after resolution of hyphema, visual acuity was 20/50 or better in 61 patients (41%) and at final follow-up, in 65 patients (83.3%).
Complications:  

At the time of presentation, 6 patients had intraocular pressure of 30 mmHg or higher.Four of these patients had total hyphema (Stage 4) and 3 continued to have IOP of 30 mmHg or higher even after resolution of the hyphema.  None of the patients were treated with antifibrinolytic agents or had sickle cell trait. Secondary bleeding was seen in 2 patients (2.5%).


Vitreous hemorrhage was found in 18 cases (22%) and lens subluxation in 2 cases (2.5%). Both patients with lens subluxation also had traumatic cataract. Commotio retinae was present in 16 (20%) eyes, angle recession was diagnosed by gonioscopy in 10 (12.6%), and anterior chamber washout was performed in 5 (6.3%).  Indications for washout were total hyphema, persistent hyphema with delayed resolution, and increased intraocular pressure. Four out of five patients who needed anterior chamber washout had total hyphema. One case (1.2%) developed corneal staining and had final visual acuity of  hand motion. Five patients (6%) developed traumatic cataract.

Open Globe Injuries:

The mean age of patients was 38 years (range 2 to 99, median 37). Fifteen (22%) were 16 years or younger and 12 (18%) were 60 years or older.

Gender, Racial Distribution, and Cause of Injury:

Fifty-four patients (81%) were male. Thirty-seven (55%) were Caucasian, 19 (28%) were Hispanic, 10 (15%) were African-American, and one (2%) was Asian-. Figure 2 outlines the causes of open globe injuries. In 27 (40%) patients the injury was caused by a sharp object (nail, glass, tree branch, pen, dart, or metallic foreign body). Motor vehicle accidents accounted for 10 (15%) cases and falls accounted for 8 (12%). 

Presenting Visual Acuity:

At presentation, 52 (77%) patients had visual acuity of 20/200 or worse. Ten (15%) had no light perception. Final visual acuity (follow up 4 to 24 months) was 20/50 or better in 28 (41%) patients and 18 (27%) had no light perception.

Location of Ocular Penetration
Of 67 open globe injuries, 34 (50%) were confined to the cornea. Combined sclero-corneal rupture was seen in 19 (28%) cases. Eight patients (12%) had isolated scleral rupture. In 6 (9%) of these the rupture was at the limbus.

Significant vitreous hemorrhage and/or hyphema were noted in 24 (36%) patients. Twenty (30%) were diagnosed with traumatic cataract and 14 (20.8%) with retinal detachment. 
All patients underwent primary surgical repair of the open globe within 24 hours from the time of presentation. No post-traumatic endophthalmitis cases was seen. 

Orbital fractures: 

The mean age of patients with orbital fracture was 32 years (range 2-88, median=25). Twenty-three (24%) patients were 16 years or younger and 10 (10%) were 60 years or older. Thirty-five  (37%) were females. Sixty-four (68%) patients were Caucasian, 18 (19%) were African American, 11 (12%) were Hispanic, and 1 (1%) was Asian. 

Figure 3 summarizes causes of orbital fractures. Assault accounted for 15 (16%) fractures and falls for 18 (19%). Motor vehicle accidents and sports associated injuries accounted for 19 (20%) and 16 (17%) of cases, respectively. 

CAT scan was used to identify the site and extent of fracture. The most common lesion was isolated orbital floor “blowout” fracture (44.6%, n=42). Medial wall fracture was noted in 9 (9.5%) cases. Fracture was confined to either orbital roof or lateral wall in 10 (10.6%) and 4 (4.2%) cases, respectively. Twenty-nine (31%) patients had fractures of 2 or more orbital walls. Combined orbital floor and medial wall fracture was seen in 14 patients (14.9%).  Combined orbital floor and roof fractures were present in 4 (4.2%) patients and combined orbital floor and lateral wall in 3 (3.2%). Involvement of three walls of orbit (floor- roof- medial wall and floor-medial wall-lateral wall-) was recorded in 5 (5.3%) and 3 (3.2%) cases, respectively. 

Clinical Signs of Orbital Fracture

At presentation1 16 patients (17%)  had periorbital hypesthesia, 47 (50%) had diplopia in one or more directions of gaze, 17 (18%) had enophthalmos, and 3 (3%) had exophthalmos. Three (3%) patients had open globe injury and 4 (4%) had vitreous hemorrhage. Four (4%) patients had evidence of injury to the optic nerve and 4 (4%) had hyphema. 

Surgical reconstruction was performed in 26 (27%) patients. Indications for reconstruction included positive forced duction test or significant prolapse of orbital contents.  Surgical repair was delayed up to 10 days if there was concern about ocular injury.
Discussion: 

Each year approximately 288,000 cases of ocular trauma are seen in the United States7. The potentially blinding effect and the high cost of care necessitates preventive measures for ocular injuries. In this study we examined epidemiology, clinical features, and prognosis of three common types of ocular injuries.  

Traumatic hyphema was more common in young males. Patients with hyphema had a relatively benign course, with 83% achieving a final visual acuity of 20/50 or better. This is consistent with other studies, in which 76% 8 and 75%9 of patients reached the same level of visual acuity. In our conservatively treated patients (eye shield, bed rest, topical steroids, and cycloplegia), the rate of re-bleeding was low at 2.5%. Previous studies have shown rates ranging from 2% to 38%.10 Although some authors advocate the use of systemic steroids 3,11 and antifibrinolytic agents 12 for prevention of re-bleeding, low rates can be achieved with conservative management alone. However,  a higher morbidity of hyphema in sickle cell disease would argue for the use of antifibrinolytic agents.20 

In this study, the angle recession rate was low at 12.8%, whereas other studies found rates as high as 56% to 100%.13,14,15,16,17 Corneal staining was seen in only one patient (1.25%) compared with 2 to 11 % as reported by Walton et al10.  

High intraocular pressure (IOP) is common in hyphema. In a study by Crouch et al,18 IOP was greater than 24 mmHg in 30% of patients and similarly Ng et al19 reported IOP greater than 21mmHg in 15.5% of patients .  In our study, at presentation, 23% of patients had IOP greater than 21 mmHg and 7.6% had IOP greater than 30 mmHg. Five out of 7 patients (71.4%) with total hyphema had IOP of 21 mmHg or higher. Four of these patients (57%) had persistently high IOP even after the resolution of the hyphema. IOP is likely to be higher the greater the size of the hyphema.9,20,21 Increased IOP is an indication for close follow-up of these patients, particularly those with sickle cell as they have an elevated risk of higher morbidity.
In this study, 81% of patients with open globe injury were male.  This is consistent with other studies in which 70% to 86% of patients with open globe injuries were found to be male.5,22,23,24  The mean age of patients with open globe injuries was higher than those with traumatic hyphema (38 years compared with 25 years, p<0.01). In general, patients with penetrating scleral injury had poor visual prognosis. At final follow-up, 14 of 26 patients (54%) with scleral involvement had no light perception. Patients with injury confined to the cornea had better visual outcome. Among 34 patients with isolated corneal perforation, 23 (67.6%) had a visual acuity of 20/50 or better and only one had no light perception. Sternberg et al25 have similarly noted that patients with corneal wounds have a more favorable prognosis than those with scleral injuries.  

Posttraumatic endophthalmitis after penetrating injuries has been reported to be in the range of 0% to 17%.22,26,27,28 In this study, there was no case of endophthalmitis. Prompt surgical repair within the first 24 hours after injury and immediate administration of intravenous antibiotics may have decreased the incidence of endophthalmitis in open globe injuries. 

Orbital fractures constitute a distinct category of ocular trauma. The percentage of women sustaining orbital fracture was found to be higher (37%) than in other studies, which reported  a range from 11% to 26%.28,29,30 The most common type of fracture was an orbital floor “blowout” (44.6%).33 

In a report by Cook et al, 4 motor vehicle accidents were the cause of 40% of orbital fractures, but only 20% in this study. A significant number of our cases (17%) were associated with sport activities. Sport associated orbital fractures reported by other authors range from 4-10%.4,31,32
The size of the object that causes the injury may determine whether the injury primarily affects the globe or produces orbital fracture. Shuttlecock, squash and racquetball injuries are more likely to affect the eyeball, whereas tennis ball, automobile accident, fist, or elbow will often produce orbital injury and spare the globe. 


A wide range of ocular injuries can be seen with orbital fractures. In this study, 36% of orbital fractures had at least one other ocular injury. Such injuries included commotio retinae (12%), traumatic iritis (9%), corneal epithelial defect (5%), vitreous hemorrhage (4%), hyphema (4%), open globe (3%), posterior vitreous detachments (3%), and angle recession (2%). Reports from other authors of concomitant injuries have ranged from 9 to 90%.4,30,32,34,35,36 Inclusion criteria and different thresholds for identifying and establishing a diagnosis of intraocular injury may in part explain this wide variability. Fracture repair should be delayed while associated ocular injuries are evaluated and treated. 
Traumatic optic neuropathy is associated with orbital fractures in 0.5% to 20% of cases.4,32,36 In this study, four patients with orbital fractures (4%) had evidence of injury to the optic nerve. Poon et al37 have found that orbital fracture is a significant risk factor for open globe and optic nerve injury. In our series, the incidence of open globe injury was relatively low. Only 3 out of 94 (3.2%) patients with orbital fractures had an open globe. Diplopia, ocular motility deficits, and periorbital hypesthesia were seen in 50%, 20%, and 17% of patients, respectively. The above clinical signs are strongly related to orbital fractures and necessitate radiographic evaluation. 

In summary, our study confirms most of the results and conclusions of other ocular trauma related studies. Several exceptions are summarized below:

a. The incidence of angle recession diagnosed by gonioscopy was low (12.6%). 

b. The rate of re-bleeding following traumatic hyphema cases was low (2.5%).

c. No case of posttraumatic endophthalmitis after open-globe injury was seen.

d. The number of female patients with orbital fracture injuries was relatively high (37%).

e. The motor vehicle accident rate as a causative mechanism for orbital fractures was low.  

Since many ocular injuries can be prevented, strict adherence to preventive measures such as use of seat belts, airbags, and protective eye goggles during high risk activities, could decrease the number of ocular injuries. 
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		HYPHEMA OF IRIS AND CILIARY BODY

		PATIENT`S NAME		MEDICAL RECORD #		VIT. H		ANG.REC		TR.CAT.		R.D.		EYE R.		AGE		SEX		RACE		STAGE		CAUSE  INJ		IN.VA		F/UVA		Final VA		IN.IOP		F/U IOP		IRID/S		CYCL/S		C.ST.		LENS S/B		REBLEED		SURG.		RES.TIME		ASSOCIATED FIND.		Complic cases

		APPUZO MARK A		1324589				1								14		M		W		2		BALL INJ		20/100 OD		20/25 OD		20/20 OD		15		16

		ARULPROGASAM AMANDA		1768446												9		F		W		1		MVA-AIRB		20/100 OS		20/50 OS		20/20 OS																				COMMOTIO R

		BAKER BRUCE		1848777		1										41		M		W		4		IOFB?		LP OS		HM OS		HM OS				35												1				PPV		1

		BARONE ROBERT		526918												41		M		W		1		FISH. ROD		20/200 OD		20/25 OD		20/20 OD		16																		CORN ABR,CH LES

		BELINDA JOHN		1528426												2		M		W		1		BALL INJ		20/60 OD		20/30 OD		20/20 OD		24		16																EYELID EDEMA

		BENNETT NATHANIEL		1375499		?										42		M		W		1		BUNGEE C		20/20 OS		20/20 OS		20/20 OD		17		16																RD		1

		BRUMSEY JAMES		1613275				1		1						19		M		B		2		CORD HIT		20/70 OD		20/20		20/20 OD		17		12														16		LID LAC

		CARMODY KEVIN		1263556		1										15		M		W		M-OD		PAINTBALL		20/100 OD		20/50		20/30 OD		19		9														4		TR IRITIS COM RET

		CASTANEDA MARK		1905245												20		M		A		1		MVA-AIRB		20/25 OD		20/20		20/20 OS		21		16														6		C AB(FELLOW EYE)

		CERDA JUSTINA		1631999		1										33		F		H		M-OU		MVA		LP OD		20/60		20/30		12		12-Jan														12		COM RET. TR IRIT

																33										LP OS		20/25		20/25		17		14-Jan

		CLEMENT MICHELLE M		1233359												15		F		W		1		PIECE OF ICE		20/25 OD		20/20 OD		20/20		13		16														9

		COLLETT JOHN D		1197587				1								18		M		W		1		MVA-AIRB		HM OD		20/200 OD		20/20 OD		16		11														9		CORN ABR.

		COLYARD JAKE		1811466												10		M		W		1		INJ-BOTTLE		HM OD		5/200 OD		5/200 OD		21		19																EPITH DEFECT

		CONG LUAN		1758967												31		M		A		1		MVA-AIRB		20/20 OD		20/20 OD		20/20		14		16														6

		DADDIO MICHAEL		1779153												14		M		W		1		PAINTBALL		20/40 OS		20/30 OS		20/20 OS		18		13														8		LID LAC

		DENTON ARTHUR		1898825				1								90		M		W		1		UNKNOWN		8/200 OS		NO F/U		NO F/U		13																		ECCE, RD REP,

		DEPASCALE CHRISTIE		1560377				1								23		F		W		1		HIT-BL OBJ		20/200 OD		20/20		20/20		12		9														11		CORN. ABR

		DIAZ RAMON		1866725												18		M		W		1		INJ W NEWSP		20/200 OS		20/30		NO F/U		18		16														11		TR IRITIS

		DICOCCO THERESA		1939983												70		F		W		4		UNKNOWN		HM OD		LP OD		LP OD		42		30												1				C.ULCER HYPOPYON		1

		DONOFRIO EMILY		1793220												23		F		W		M-OD		BL-OBJECT		20/20 OD		20/20 OD		20/20		12		13														10		TR IRITIS

		GARGANO CHRISTINA		1111906		1										21		F		W		2		BL-OBJECT		HM OS		20/20		20/20		19		14														11		VH OF UNKNOWN S

		GILLESPY AARON		1606119												20		M		W		2		MVA-AIRB		HM OD		20/20		20/20		13		12														6

		GONZALES CESAR		1863742												42		M		H		4		PIEC BATTERY		LP OD		HM OD		HM OD		22		22						1						1		17

		GOODWIN JULIA		1795189												3		F		W		4		BL-TRAUMA		LP OD		10/200		NO F/U		35		37												1		5		TR.GLAUCOMA

		GREGORY SLATER B		1593145												4		M		W		2		PLASTIC TOY		20/30 OD		20/30 OD		20/20 OD				14														5		ELIPTICAL IRIS

		HALL SHAUN B		987032		1										31		M		W		2		BUNG COR		HM OD		20/40 OD		20/20OD		25		20														8		COMMOTIO R
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