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Introduction

Throughout the duration of Operation Iraqi Freedom (OIF) and Operation Enduring Freedom (OEF), blasts have been a common mechanism of combat ocular trauma (COT).1 The enemy in Iraq and Afghanistan have effectively employed improvised explosive devices (IEDS) leading to devastating injuries with more associated systemic injuries than trauma in the civilian environment.2 Mortars and rocket-propelled grenades (RPGs) have also caused vast injuries. Wide-spread use of Kevlar body armor systems and mine resistant ambush protected (MRAP) vehicles has lead to increased survival due to a decreased number of mortal wounds to the thorax and abdomen. Unfortunately, this has lead to an increase in the incidence of injuries to the less protected extremities, face, neck and eyes relative to previous wars.3 
A recent study of US service members injured by IEDs and treated at the Air Force Theater Hospital in Iraq from October 2004 to September 2007, the rate of associated eye injury in patients with massive facial trauma was 55%. It was 27% in patients with simple facial trauma. Brain injuries occurred in 48% of the patients with massive facial trauma and 28% of the patients with simple facial trauma.15 Brain injuries often seen include brain edema, intracerebral hemorrhage, vasospasm, and subarachnoid hemorrhage.16 

Blasts injuries account for a much smaller percentage of civilian traumas but they have a significant ocular morbidity.4 In a review of literature articles of explosive blasts between 1948 and 2007, it was found that 28% of blast survivors had documented ocular injuries.5 The most common injuries were corneal abrasions and foreign bodies, eyelid lacerations, open globe injuries and intraocular foreign bodies (IOFBs). Injuries to the periorbital area also caused significant morbidity. The majority of injuries resulted from flying fragments and debris which greatly increase the risk of an open-globe injury. A review of mine blasts showed that 60% of patients sustained some type of ocular trauma and 78.4% of those patients that did sustain ocular trauma had bilateral injuries. Over one-third (37.3%) of the eyes injuried eventually became NLP (no light perception).6 In a review of the frequency and causes of bilateral ocular trauma, it was found that landmine, dynamite and coalmine blasts were frequently the cause and resulted in poor visual outcomes with 21.7% of patients being NLP at the time of admission.7   
There have also been several recent terrorist attacks involving blasts with a well documented rate of ocular injuries. It was found that 8% of surivors of the Oklahoma City bombing sustained an ocular injury with 71% of those occuring within 300 feet of the point of detonation. Glass accounted for nearly two thirds of the ocular injuries.8 In a review of a single emergency department between 2000 and 2004 in Tel Aviv, Israel, there were 13 suicide bombing attacks with 17 of 352 (4.8%) sustaining ocular injuries. Seven were open-globe injuries. The author speculated that the percentage of patients sustaining ocular injuries may have been artificially low as patient with no or minor complaints are listed as trauma admissions following a terror-related episode.9 It was also reported that approximately 18% of patients from the Madrid, Spain commuter train bombing in March 2004 admitted with moderate-to-severe trauma had sustained eye injuries.10 

Given the devastation caused by the massive amounts of kinetic energy generated by explosive blast waves, significant concussive damage to the ocular structures and adnexa can occur with indirect trauma or with the use of eye protection. Closed-globe injuries frequently occur. Closed-globe injuries do usually have better outcomes than open-globe injuries11, but there is still significant morbidity, particularly when the macula is involved. The macula contains the largest concentration of cone photoreceptors which are responsible for high acuity and color vision. The purpose of this research is to describe chorioretinal macular findings following non-penetrating blasts in soldiers injured during OIF and OEF. By documenting injury patterns, we may be able to provide more effective protection and management for these patients to decrease vision loss.

Methods

IRB approval was obtained for this retrospective non-interventional case series study. A chart review of all soldiers that sustained closed-globe ocular injuries with fundus findings of trauma between February 2003 to March 2010 in OEF and OIF was completed. Clinical data was only obtained on those soldiers with complete records and soldiers with insufficient records were excluded. Insufficient records were defined as those with minimal documentation of initial injury or clinical examinations. All eyes sustaining open-globe injuries were excluded. While it is known that globe rupture can occur following blunt trauma, it is impossible to rule out perforating injury due to the mechanism and extent of injuries many patients suffered. All soldiers with closed-globe ocular injuries from mechanisms other than blasts were excluded. All soldiers with a history of previous eye disease or retinal detachment were excluded. 
Data collected included age, gender, mechanism of injury, initial and final visual acuity, ocular injuries at presentation, clinical course, optical coherence tomography (OCT) and fluorescein angiography (FA) findings if completed and length of follow-up at Walter Reed Army Medical Center (WRAMC). The data was collected using an Excel spreadsheet (Microsoft Office). Ophthalmologic exam findings were correlated with OCT and FA if available. All available OCTs were evaluated for retinal atrophy and integrity of the subfoveal photoreceptor inner segment/outer segment (IS/OS) junction. 
This study has several significant limitations. First, this study is retrospective.  Second, the majority of patients before 2006 did not have complete records and were not included in this study. Also, high resolution OCT did not become widely available until 2007, while many of the injured patients from 2004-2006 were unable to ambulate and obtain a standard time domain OCT, which was available at that time. Third, the spectrum of data available varied from soldier to soldier. Fourth, some severely injured soldiers arrival to WRAMC was delayed until stabilization at Landstuhl Regional Medical Center in Germany. In addition, the follow-up of others was limited due to a short stay at WRAMC. Also, long-term data is limited if the soldier did not stay in the area following their care. 

Results

From February 2003 to March 2010, there were approximately 200 eyes with closed globe zone 3 injuries seen at WRAMC. A total of 36 eyes from 33 soldiers met the inclusion and exclusion criteria. Twenty-nine solderis were from OIF and 4 soldiers were from OEF. The average age was 29.5 years, ranging from 19 to 52 years old. Ninety-seven percent of soldiers were male. 

The most common mechanism of injury was IED blasts accounting for 82% of soldiers injured. Forty-five percent of soldiers had bilateral eye injuries. Nine percent of soldiers had an open globe injury in the fellow eye. As expected, there was a preponderance of fragmentary injuries. There were multiple orbital, conjunctival, corneal and lid foreign bodies. The surrounding tissues were often involved including the face, head and neck. The vast majority of soldiers had other bodily injuries with the extremities, thorax, and abdomen commonly involved. 
Based on clinical findings, the eyes were placed into five categories: macular hole, macular retinal pigment epitheliopathy without atrophy, macular retinal pigment epitheliopathy with atrophy and intact foveal IS/OS junction, macular retinal pigment epitheliopathy with atrophy and foveal IS/OS junction disruption and macular scarring without OCT. 
Eight of thirty-six eyes (22.2%) developed a macular hole. Visual acuity ranged from 20/25 to HM (hand motion).  Six eyes (16.7%) had macular retinal pigment epitheliopathy with no atrophy or foveal IS/OS disruption. Visual acuity ranged from 20/15 to 20/25. Thirteen eyes (36.1%) had macular retinal pigment epitheliopathy with atrophy. Six of those eyes (46.2%) had an intact foveal IS/OS junction. Visual acuity ranged from 20/20 to 20/25. Seven of those eyes (53.8%) had disruption of the foveal IS/OS junction. Visual acuity ranged from 20/30 to LP (light perception) with five of seven eyes (71.4%) having vision 20/150 or worse. 
Eight of thirty-six eyes (22.2%) had macular scarring on exam but no OCT. Clinical characteristics were similar to those with macular atrophy on OCT. Vision ranged from 20/20 to LP. One of thirty-six eyes (2.8%) developed phthisis bulbi with NLP (no light perception).
There were two eyes with documented intraorbital foreign bodies and sclopetaria. The vision ranged from HM to CF at 8 feet. There were thirteen eyes with chorioretinal disruption and one eye with ocular disorganization and no documented intraorbital foreign body. The vision ranged from 20/20 to NLP. The visual outcomes for these eyes were directly related to macular involvement. There were seven eyes with choroidal ruptures. Two involved the macula and five involved the periphery. The vision for eyes with macular choroidal ruptures ranged from 20/400 to HM. The vision for eyes with peripheral choroidal ruptures ranged from 20/20 to 20/150.  
There were numerous associated injuries with orbital fractures and optic neuropathy being the most prominent. Forty-two percent (15/36) of eyes had an associated orbital fracture. Twenty-nine percent (4/14) of eyes with vision 20/200 or worse had an orbital fracture. Forty-seven percent (7/15) of eyes with vision 20/40 or better had an orbital fracture. Nineteen percent (7/36) of eyes developed optic neuropathy. Vision was generally poor for eyes with optic neuropathy, ranging from 20/70 to NLP. 

Discussion

Military ophthalmologists have previously reported that the eye injuries following blasts are often bilateral and result in multiple foreign bodies.1They have also previsouly described the initial management of patients with severe globe injuries1 and those with intraocular foreign bodies.3, 12 Perforating globe injuries accounted for approximately 12% of the eye injuries sustained during OIF and subsequently evaluated at WRAMC between March 2003 and October 2006.13 These injuries generally had poor visual and anatomic outcomes despite surgical intervention. It was reported that 75% of open-globe injuries had a best-corrected visual acuity (BCVA) of 20/200 or worse. It was also reported that globe injury combined with oculoplastic or neuro-ophthalmologic injury resulted in the highest risk of final BCVA worse than 20/200. 
Due to the lack of availability of specialty care in the combat theater, there was often a delay in removal of IOFBs. However, good visual outcomes without an apparent inceased risk of endophthalmitis were reported with a combination of systemic and topical antibiotic coverage.12 
Traumatic macular holes were also found to occur in both open and closed COT.14 Visual outcome was highly variable despite macular hole closure in a majority of patients because of concomitant globe injuries. In this review, there was a spectrum of macular injuries following non-penetrating blasts. A high percentage of patients developed macular holes but the most common sequela was chorioretinal disruption. This ranged from macular retinal pigment epitheliopathy without atrophy to macular retinal pigment epitheliopathy with atrophy and foveal IS/OS junction disruption. The integrity of the foveal IS/OS junction was the most important factor in visual outcomes and eyes with macular chorioretinal disruption tended to have very poor visual outcomes. Both soldiers with a documented intraorbital foreign body and sclopetaria had severe chorioretinal disruption on examination but a majority of eyes with this finding did not have a documented foreign body. 
For some patients, there was intially a limited view of the fundus, usually due to a hyphema, traumatic cataract or vitreous hemorrhage. Other injuries, particularly subtle macular atrophy, may not have been obvious at presentation. This accounts for eyes developing macular injury without a documented presenting insult. The lack of long-term follow up for most soldiers limits studying the natural history and progression of injuries. There is not enough data to know the rates of evenutal secondary eye disease such as retinal detachments, epiretinal membrane and proliferative vitreoretinopathy (PVR) formation, choroidal neovascularization, glaucoma and cataract development among others. 
It is also very important to recognize that traumatic brain injury (TBI) is a common sequela of blasts. It was reported that TBI occurred in two thirds of all service members treated at WRAMC with COT from August 2004 to October 2006.2 It was also reported that closed-globe injuries are at highest risk for TBI but that did not lead to poorer visual outcomes.  Moderate and severe traumatic head injuries are easily identified, but mild TBI can be more difficult to properly diagnose and treat. Computed tomography (CT) and magnetic resonance imaging (MRI) are generally unremarkable in these patients. This can contribute to the tremendous amount of psychosocial issues for these soldiers by adversely affecting rehabilitation of ocular and multisystem trauma. Many soldiers need an interdisciplinary tream to handle their medical, psychological, rehabilitation, and prosthetic needs. Long-term emotional and psychological disorders such as post-traumatic stress disorder (PTSD) can be devastating. Soldiers’ families are an integral part of the process and often sacrifice greatly for the care of their loved-ones.  
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	Location
	Mechanism of Injury
	Presenting Ocular Injuries
	Initial BCVA
	Final BCVA
	Length of F/U
	OCT
	RPE Disruption
	Atrophy
	IS/OS Disruption
	Layer(s) Involved

	Group 1
	
	
	
	
	
	
	
	
	
	
	

	
	OEF
	IED
	Vitreous hemorrhage, peripheral choroidal rupture, macular hole, optic neuropathy
	20/400
	20/80
	9 months
	Cirrus
	Full Thickness
	
	
	

	
	OIF
	IED
	Orbital floor fracture, lid laceration, vitreous/retinal hemorrhage, macular hole
	20/40
	20/40
	2 years
	Cirrus
	Full Thickness
	
	
	

	
	OIF
	IED
	Lid laceration, vitreous/retinal hemorrhage, macular choroidal rupture, macular hole, total retinal detachment
	CF @ 2 feet
	20/400
	3 months
	No
	
	
	
	

	
	OIF
	IED
	Intraorbital FB, vitreous hemorrage, macular hole, retinal hemorrhage, macular choroidal rupture, peripheral scloperaria
	LP
	HM
	6 months
	No
	
	
	
	

	
	OIF
	IED
	Orbital floor fracture, pinpoint corneal FBs, peripheral chorioretinal disruption
	20/80
	20/60
	1 year
	Cirrus
	Full Thickness
	
	
	

	
	OIF
	Mortar
	Vitreous hemorrage, superior retinal tear
	20/60
	20/25
	1 year
	Stratus
	Full Thickness
	
	
	

	
	OIF
	IED
	Vitreous hemorrhage, peripheral choroidal rupture, macular hole
	20/200
	20/150
	2 years
	Stratus
	Full Thickness
	
	
	

	
	OIF
	IED
	Iridodialysis, cataract, peripheral chorioretinal disruption, macular hole
	20/300
	20/800
	2 years
	Stratus
	Full Thickness
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Group 2
	
	
	
	
	
	
	
	
	
	
	

	
	OIF
	IED
	Vitreous/pre-retinal hemorrhage, commotio
	20/30
	20/25
	6 years
	Cirrus
	yes
	no
	no
	na

	
	OIF
	IED
	Hyphema, vitreous hemorrhage, peripheral choroidal rupture
	20/100
	20/20
	1 year
	Stratus
	yes
	no
	no
	na

	
	OEF
	RPG
	Orbital roof fracture, hyphema, vitreous hemmorhage, peripheral choroidal rupture, macular commotio
	20/100
	20/25
	6 months
	Cirrus
	yes
	no
	no
	na

	
	OIF
	IED
	Orbital fracture, vitreous hemorrhage
	20/25
	20/20
	2 years
	Cirrus
	yes
	no
	no
	no

	
	OIF
	IED
	RPE clumping
	20/15
	20/15
	6 years
	Cirrus
	yes
	no
	no
	na

	
	OIF
	IED
	Orbital roof fracture, vitreous hemorrhage, superior retinal tear, RPE clumping
	20/60
	20/20
	6 months
	Cirrus
	Yes
	no
	no
	na

	
	
	
	
	
	
	
	
	
	
	
	

	Group 3
	
	
	
	
	
	
	
	
	
	
	

	
	OIF
	Mortar
	Vitreous hemorrhage, peripheral chorioretinal disruption
	20/100
	20/25
	9 months
	Stratus
	yes
	yes
	no
	inner

	
	OIF
	IED
	Hyphema, mydriasis, vitreous/retinal hemmorhage
	20/400
	20/20
	1 year
	Cirrus
	yes
	yes
	no
	outer

	
	OIF
	IED
	Orbital floor fracture, hyphema, vitreous/retinal hemmorhage
	20/70
	20/25
	1 year
	Cirrus
	yes
	yes
	no
	inner 

	
	OIF
	IED
	Brow laceration, commotio
	20/20
	20/20
	1 year
	Stratus
	yes
	yes
	no
	inner

	
	OIF
	IED
	Maculopathy
	20/30
	20/30
	6 months
	Cirrus
	yes
	yes
	yes
	inner/outer

	
	OEF
	RPG
	Orbital floor fracture, hyphema, cataract, vitreous hemorrhage, macular commotio, peripheral choroidal rupture
	CF @ 4 feet
	20/25
	6 months
	Cirrus
	yes
	yes
	yes
	outer

	
	
	
	
	
	
	
	
	
	
	
	

	Group 4
	
	
	
	
	
	
	
	
	
	
	

	
	OIF
	IED
	Orbital floor/medial wall fracture, eyelid/conjunctival/partial thickness scleral laceration, corneal foreign bodies, hyphema, cataract, vitreous hemorrhage, chorioretinal disruption, optic neuropathy
	CF @ 2 feet
	20/150
	1 year
	Cirrus
	yes
	yes
	yes
	inner/outer

	
	OIF
	IED
	Vitreous hemorrhage, chorioretinal disruption, optic neuropathy
	LP
	LP
	1 year
	Stratus
	yes
	yes
	yes
	inner/outer

	
	OIF
	IED
	Orbital floor fracture, vitreous hemmorhage, commotio, optic neuropathy
	20/200
	20/70
	3 months
	Stratus
	yes
	yes
	yes
	inner/outer

	
	OIF
	IED
	Iridodialysis, cataract, vitreous hemmorhage, optic neuropathy
	HM
	HM
	1 year
	Stratus
	yes
	yes
	yes
	inner/outer

	
	OIF
	IED
	Medial wall fracture, lid laceration, cataract, vitreous hemorrhage, commotio, chorioretinal disruption
	CF @ 3 feet
	20/150
	1 year
	Stratus
	yes
	yes
	yes
	inner/outer

	
	OIF
	IED
	Medial wall fracture, lid laceration, cataract, vitreous hemorrhage, macular commotio, chorioretinal disruption
	LP
	HM
	1 year
	Stratus
	yes
	yes
	yes
	inner/outer

	
	OIF
	IED
	Lid laceration, vitreous hemorrhage, chorioretinal disruption
	20/200
	20/150
	2 years
	Stratus
	yes
	yes
	yes
	inner/outer

	
	
	
	
	
	
	
	
	
	
	
	

	Group 5
	
	
	
	
	
	
	
	
	
	
	

	
	OEF
	RPG
	Intraconal foreign body, vitreous hemmorhage, sclopeteria 
	CF @ 2 feet
	CF @ 8 feet
	1 year
	
	
	
	
	

	
	OIF
	IED
	Orbital fracture, cranial nerve III palsy, eyelid lacerations, hyphema, mydriasis, vitreous hemorrhage
	LP
	LP
	2 years
	
	
	
	
	

	
	OIF
	IED
	Orbital fracture, vitreous hemorrhage, commotio, chorioretinal disruption 
	20/400
	20/200
	1 year
	
	
	
	
	

	
	OIF
	IED
	Lid laceration, cranial nerve VII palsy, chorioretinal disruption, retinal detachment
	20/800
	20/400
	1 year
	
	
	
	
	

	
	OIF
	IED
	Lid laceration, cranial nerve VII palsy, vitreous hemorrhage, chorioretinal disruption, optic neuropathy
	HM
	HM
	6 months
	
	
	
	
	

	
	OIF
	IED
	Mydriasis, cataract, vitreous/retinal hemorrhage, superior retinal detachment 
	HM
	HM
	16 months
	
	
	
	
	

	
	OIF
	IED
	Orbital floor fracture, vitreous hemorrhage, peripheral chorioretinal disruption
	20/25
	20/20
	18 months
	
	
	
	
	

	
	OIF
	IED
	Iris defects, cataract, vitreous hemorrhage, commotio, chorioretinal disruption retinal detachment 
	HM
	HM
	4 years
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Other
	
	
	
	
	
	
	
	
	
	
	

	
	OIF
	IED
	Orbital fractures, disorganized ocular contents, optic neuropathy
	NLP
	NLP
	6 years
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Group 1 - Macular Hole
	
	
	
	
	
	
	
	
	

	Group 2 - No Foveal Atrophy
	
	
	
	
	
	
	
	
	

	Group 3 - Foveal Atrophy Without Disruption of IS/OS Junction
	
	
	
	
	
	
	
	

	Group 4 - Foveal Atrophy With Disrution of IS/OS Junction
	
	
	
	
	
	
	
	

	Group 5 - Macular Scar (No OCT)
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