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Abstract
Background/Objectives To evaluate outcomes from all British military patients who underwent eye removal during the Iraq
and Afghanistan wars.
Subjects/Methods Retrospective case note review of all patients (n= 19) who had undergone either
evisceration or enucleation, on a database of all military patients repatriated to the Royal Centre for Defence Medicine,
Birmingham.
Results Twenty eye removals were performed on 19 patients, of which 14 (70%) were eviscerations and 6 (30%) were
enucleations. Orbital wall fractures were seen in 12 (61%) patients, with orbital floor fractures being the most common. The
eye removal was a primary procedure in five of fourteen eviscerations, and five of six enucleations. Complications were seen
after four (28.6%) eviscerations patients and two (33.3%) enucleations. Postoperative pain was problematic after three
(21.4%) eviscerations but no enucleations. Orbital implants were placed during three of the five primary enucleations, with
good outcomes in two. One patient however required implant retrieval and wound washout due to a high risk of infection
and communication with the intra-cranial space.
Conclusions Evisceration and enucleation are both viable options in the management of severe ocular trauma in military
patients. Evisceration and enucleation have similar complication rates and outcomes, and both have low rates of sympathetic
ophthalmia. Primary orbital implants can be at high risk in cases with orbital roof fracture, but can provide good outcomes in
select patients.

Introduction

The incidence of ocular trauma sustained in combat
has steadily increased over the past 150 years [1], with
military surgeons now expecting around 10% of battlefield
casualties to present with eye injuries [2]. Previous studies
have shown that 6.6% of British casualties repatriated from
Iraq and Afghanistan suffered military ocular trauma, but
only 0.64% of the eye injuries were considered severe [3].
Amongst those with the most severe ocular injuries,

evisceration or enucleation may be undertaken with the aim
of reducing the chances of sympathetic ophthalmia (SO),
controlling pain, replacing volume, and optimising the
cosmetic appearance.

Operation TELIC in Iraq (March 2003 to May 2011)
and operation HERRICK in Afghanistan (2002 to October
2014) are two of the most recent theatres of war in which
the British Armed Forces have been deployed. Since May
2003 eye injuries sustained from either operation have
been evacuated either directly to the United Kingdom
(UK), or a minority travel via United States (US) facilities
in Landstuhl, Germany. On return to the UK, both cohorts
of evacuated patients were managed under the Royal
Centre for Defence Medicine (RCDM) in Birmingham,
giving the unique opportunity to review data for all
patients evacuated to the UK. This paper aims to present
data on all patients from the British Armed Forces in Iraq
and Afghanistan who underwent ocular evisceration or
enucleation between May 2003 and August 2015 for war
related injuries.
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Methods

The study was designed as a retrospective, non-comparative
interventional case series and registered with the audit
department at University Hospitals Birmingham. A data-
base has been collated of all medically repatriated British
military personnel requiring hospital admission between
May 2003 and August 2015. From these, a total of 19
patients were identified who had undergone ocular evis-
ceration or enucleation.

Data were collected from the patients’ paper and elec-
tronic medical records at the Queen Elizabeth Hospital
Birmingham and Birmingham Midland Eye Centre, and
recorded on a Microsoft Excel spreadsheet for analysis.
Where available, data collected included: demographic data,
time and place of injury, cause and type of ocular injury,
associated adnexal and orbital injuries, date and type of
surgery, whether eye removal was primary or secondary,
implant type and coating, whether implant was primary or
secondary, complications, further procedures, and final
outcomes including records of cosmesis, comfort, move-
ment, orbital appearance, and lid position. Statistical ana-
lysis was largely descriptive due to the low patient numbers,

and independent variable Student T-tests or Welch’s T-tests
if Levene’s test of variance <0.05 were used where
appropriate.

Evisceration was undertaken by consultant oculoplastic
surgeons and as standard involved a thorough clearance of
pigmented tissue from the sclera. A two-flap technique was
used with additional relaxing incisions around the optic
nerve and four posterior relieving incisions. Implants were
not dipped in gentamicin and alcohol washes were not used.
Closure was with two-flap mattress sutures to the sclera
with 4-0 vicryl, and continuous sutures of 6-0 vicryl to the
Tenon’s layer and then conjunctiva. There were no sig-
nificant documented deviations from this technique in this
case series.

All but one of the enucleations was performed in either
Lanstuhl, Germany, or in the first instance at Camp Bastion,
Afghanistan by US military ophthalmic surgeons.

Results

Twenty operations were identified from 19 patients, all of
whom were young males (Table 1). All eye injuries were

Table 1 Data on patient
demographics, eye and orbital
injury and eye removal

Characteristic Evisceration
(n= 14)

Enucleation
(n= 6)

All procedures
(n= 20)

Number of patients 14 5 19

Mean age (range) 24.7 (19–38) 24.1 (21–25) 24.5 (19–38)

Gender Male 14 5 19

Female 0 0 0

Location of injury Iraq 1 (7%) 2 (33%) 3 (15%)

Afghanistan 13 (93%) 4 (67%) 17 (85%)

Cause of injury IEDa 13 (93%) 3 (50%) 16 (80%)

RPGb 1 (7%) 1 (17%) 2 (10%)

Hand grenade 0 1 (17%) 1 (5%)

GSWc 0 1 (17%) 1 (5%)

Side of injury Right 6 (43%) 4 (67%) 10 (50%)

Left 8 (57%) 2 (33%) 10 (50%)

Orbital wall fracture Any 6 (43%) 6 (100%) 12 (61%)

Floor 4 (29%) 4 (67%) 8 (42%)

Roof 2 (14%) 1 (17%) 3 (16%)

Medial 1 (7%) 5 (83%) 6 (32%)

Lateral 3 (21%) 3 (50%) 7 (32%)

Location of eye
removal

Camp Bastion 2 (14%) 1 (17%) 3 (15%)

Landstuhl 0 4 (67%) 4 (20%)

RCDMd 12 (86%) 1 (17%) 13 (65%)

aImprovised explosive device
bRocket propelled grenade
cGunshot wound
dRoyal Centre for Defence Medicine
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due to high energy trauma, with 19 of 20 sustained from
explosive blast trauma. Information on concurrent orbital
wall fractures was available for 18 patients. Regarding
orbital fractures, those to the orbital floor were the most
common followed by the lateral wall, the orbital roof and
the medial wall as summarised in Table 1.

Eye removals were considered primary if they were
performed without previous attempt at globe repair. Of the
14 eviscerations, 5 (35.7%) were primary, at a mean of
1.4 days post injury (range 0–3). The remaining 9 were
secondary eviscerations performed on average 21.0 days
post injury (range 5–40). This compared to five of the six
enucleations being primary procedures, at a mean of
0.8 days (range 0–1). The sole secondary enucleation was
performed 39 days post injury.

Orbital implants were inserted at the time of evisceration
in six (42.9%) eyes, but none were implanted during pri-
mary procedures. Implants were inserted during four
(66.7%) enucleations, of which three were during primary
procedures (Fig. 1). Secondary implants were used in both
eyes of one enucleated patient and were implanted 8 weeks
post eye removal at his local tertiary hospital.

Data on the type of implant were recorded for 14 pro-
cedures. A silicone implant was used in one eye during a
primary enucleation performed in 2006, and 13 subsequent
implants were acrylic. Implant size was recorded in 12 eyes,
with a modal implant size of 20 mm used in four eyes
(range 16–22 mm). There was no association seen between
implant size and complications, or with the presence of
orbital wall fractures. A vicryl mesh implant coating was
used in two enucleated eyes but no coatings were used in
eviscerated eyes. Operating time was variably recorded and
difficult to interpret as many procedures were performed
alongside other surgical teams treating concurrent injuries.

Complications requiring further treatment (Table 2)
occurred in four (28.6%) patients after evisceration,
including one patient with implant extrusion (case 1).

Enucleated patients suffered complications in two (33.3%)
cases, including one who was found to be at high risk of
infection, requiring further washout and removal of primary
orbital implant (case 2). Details on performing surgeon were
available for one enucleation and ten evisceration patients.
There were four different consultants that were listed as
operating surgeon, but numbers were too small to draw
conclusions on individual complication rates (Table 2). Of
the 12 patients with orbital wall fractures, 5 (41.7%) suf-
fered complications, compared to none of the patients with
intact orbits (p= 0.003). Postoperative pain was reported in
three (21.4%) eviscerated patients but not seen in any
enucleated patients, but this did not reach statistical sig-
nificance (p= 0.241). There was no clear relationship
between complication rates and time to procedure, and no
cases of sympathetic uveitis were recorded in either group.

Long-term outcome data were limited but post-traumatic
neuralgia was reportedly controlled in all but one patient by
12 months post injury. This patient was refractory to
medical treatment and required a partial trigeminal nerve
rhizotomy before gaining adequate symptomatic control 3
years post injury.

Documentation of eye movements and cosmetic out-
comes was incomplete, non-standardised, and subjective.
Positive comments on cosmesis were recorded in six evis-
ceration patients, but cosmetic outcomes were not remarked
upon in enucleation patients. In addition to the complica-
tions requiring treatment (Table 2), lid notch repair was
required in two patients, and ptosis surgery in one. One
patient had insufficient adnexal tissue to support an ordinary
ocular prosthesis, and so osseo-integrated implants were
inserted to mount an orbital prosthesis to improve cosmesis.
One enucleation patient required a dermis fat graft to correct
a deep upper lid sulcus.

Case 1

A 19-year-old male white British soldier suffered an
explosive blast injury involving the face from an IED in
Afghanistan. After being medically stabilised locally he was
evacuated to the Queen Elizabeth hospital Birmingham. On
examination he was found to have a right proptosis with a
hyphaema, posterior globe rupture, and macula-off retinal
detachment. The eye had a dense relative afferent pupillary
defect with no perception of light. Computerised tomo-
graphy (CT) revealed a comminuted fracture of the right
lateral orbital wall with a periocular haemorrhage causing
the proptosis, but no intraocular foreign bodies. Twenty-
eight days later he underwent evisceration with primary
insertion of an acrylic ball orbital implant. No comment was
made on the quality of remaining sclera or ease of closure,
and the size of the implant was not recorded. Post-
operatively the patient developed implant extrusion and

Fig. 1 Frequency of eye removal by procedure and implant. Primary
procedures were carried out without prior attempted repair. Primary
implants (dark grey) were inserted at the time of eye removal whereas
secondary implants (light grey) were inserted in a subsequent procedure
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5 months after his initial procedure he underwent implant
exchange. Unfortunately, there was a recurrence of implant
exposure of 5 months after this. At the patient’s request, his
care was transferred to a tertiary centre closer to his home.

Case 2

A 23-year-old male white British soldier in Afghanistan
suffered a gunshot wound to the right orbit. He was medi-
cally stabilised in Camp Bastion and assessed by the trauma
surgeons. On examination, he was found to have a bullet
entry wound through the right parietal bone with the likely
exit via the orbit, leaving the globe severely disrupted. CT
of the head and orbits revealed, alongside significant
intracranial pathology, a right orbital floor, roof, and medial
wall blow-out fractures (Fig. 2).

Due to the nature of the injury and examination findings
the eye was thought to be non-viable and enucleated within
hours of his injury. A 16-mm acrylic ball implant was
inserted at the time with a vicryl mesh coating. However,
after his evacuation to the UK, there was discharge from the
socket and it was suspected the wound was contaminated.
48 hours after the patient’s primary enucleation he under-
went implant retrieval. During the procedure, the implant
was sitting very deeply in the orbit due to the severely
disrupted anatomy. The wound was grossly contaminated in
the presence of leaking cerebrospinal fluid. The implant was
removed, a thorough washout performed, and the wound
left open. The wound healed well and a secondary implant
was placed 8 weeks later. He has since undergone extensive
facial reconstructive surgery (Fig. 3) and reported that he
was ‘fairly happy’ with the cosmetic outcome. He was
bothered by the sunken appearance of his upper lid however
and has been listed for a right orbital dermis fat graft to
correct the defect.

Discussion

This is a complete report of all eye removal operations
performed on British Armed Forces personnel injured in
Iraq and Afghanistan since May 2003. It adds to the sparse
available evidence on enucleation and evisceration in the
context of severe ocular trauma [4]. Similar to previous
literature on military patients, our cohort of patients was all
male and young, and the cause of injury was predominately
explosive blast trauma [3, 5]. Unlike previous publications
the majority of operations performed were eviscerations.
This reflects the preference of UK military surgeons, who

Table 2 Post eye removal complications and subsequent management arranged by performing surgeon (pseudonymised) and procedure type. Only
one complication of each type was observed

Procedure Surgeon Number of
procedures

Number of
complications

Complication Management

Evisceration A 6 1 (16.7%) Implant extrusion Implant exchange

B 2 0

C 1 1 (100%) Conjunctival implantation cysts Cyst excision

D 1 0

Unknown 4 2 (50%) Persistent mucopurulent
discharge

Conjunctival excision and split-
skin graft

Postevisceration socket
syndrome

Orbital floor implant

Enucleation E 2 0

Unknown 4 2 Discharging, dirty wound Implant retrieval and washout

Postenucleation socket
syndrome

Orbital floor implant

Fig. 2 Computed tomography of head and orbits showing severe
disruption to the right globe with medial and lateral wall fractures.
Other views also revealed orbital floor and roof blow-out fractures
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are trained to perform evisceration using a simple technique
where the optic nerve is “islandised” to allow the implant to
access the intraconal space thereby allowing a larger size to
replace volume. Two scleral flaps are also created with two
extraocular muscles on each by performing oblique reliev-
ing incisions in the sclera. In the trauma cases encountered
in our patients, the uvea was not reportedly adherent or
difficult to remove. Curettage was sufficient to remove the
uveal tissue in all evisceration cases and absolute alcohol
debridement was not required. Only one patient underwent
enucleation by a UK surgeon. It was unclear why enu-
cleation was favoured over evisceration, and it is likely due
to surgeon preference.

The incidence of military ocular trauma appears to have
been increasing over time and has been described in up to
13% of casualties in recent theatres of war [5, 6]. Military
ocular trauma is unlike its civilian counterpart in that almost
all patients (98%) are male and the majority (83%) consist
of high-energy explosive blast injuries [5]. Military
patients’ injuries are accordingly more severe than their
civilian counterparts, with 71% of patients presenting with a
visual acuity of 6/60 or worse compared to 27% of civilians
[7]; and 75% are associated with polytrauma [3], which is
relatively uncommon in civilian injuries. The cohort of
patients in this case series was at the extreme end of the
ocular trauma scale, to the point that 50% required primary
eye removal, a measure reserved for devastating ocular
injuries with no prospect of visual potential. Studies of US

and British patients from the Iraq and Afghanistan wars
have found that rates of eye removal in “severe” ocular
injuries were 16% and 11%, respectively [3, 5]. Rates of
“severe” ocular injuries appear lower in British military
patients compared to their US counterparts, but direct
comparison is difficult due to variations in data interpreta-
tion. The approach taken by British teams in aeromedically
evacuating severe eye injuries to allow assessment in ter-
tiary centres results in an increased time to primary repair
(mean 1.9 days) [3] compared to the goal of their US
counterparts (within hours of injury) [8], but outcomes
appear comparable and this approach may account for the
difference in rates of eye removal.

Evisceration holds several advantages over enucleation
for surgeons with limited experience as it has been found to
take less time (47.3 ± 10.3 min versus 89.6 ± 10.1 min [9])
and does not require specific ophthalmic techniques such as
slinging and preservation of extraocular muscles. Aesthetic
outcome is similar between the two techniques, but some
studies have found improved prosthetic motility in evis-
ceration [9–12]. Basic evisceration technique also allows an
easy preservation of adequate conjunctiva, and placement of
a simple implant such as an acrylic sphere can also be
taught to non-specialists. The technique can be taught in a
single afternoon to junior surgical trainees using a pig eye
wet-lab model. Implant placement in enucleation can be
more challenging due to the need to attach the muscles and
adequately cover the implant. If no implant can be placed,
such as in the field hospital setting, a neatly packed evis-
ceration socket can provide a more convenient environment
for a secondary implant procedure than a postenucleation
socket.

Enucleation is sometimes preferred over evisceration due
to the perception of a reduced risk of SO, particularly out-
side of the UK. This was reflected in the fact that all patients
operated on by non-UK surgeons underwent primary enu-
cleation rather than evisceration. No cases of SO were
reported in either cohort, which was expected given its low
incidence and the small size of the sample population.

SO is a bilateral, granulomatous pan-uveitis, that can
occur months to years after surgery or penetrating trauma to
one eye [13, 14]. The aetiology of SO is not completely
understood, but thought to comprise autoimmune and cell-
mediated mechanisms. The intact eye is immune privileged
and lacks lymphatic drainage. In ordinary circumstances
immune tolerance is achieved by macrophage presentation
of ocular antigens to clusters of B, NKT, and CD4 and CD8
T cells in the spleen [15–17]. In penetrating injuries, this
system of tolerance is bypassed as the conjunctival lym-
phatics are exposed to uveal antigens [18]. The resulting
inflammation affects both the injured and uninjured eye, and
is thought to be T cell mediated [13, 19], but B cell infil-
tration has also been demonstrated [20–23].

Fig. 3 Three-dimensional reconstruction of head computed tomo-
graphy after orbital reconstruction and orbital implant removal. Screws
and plates are visible over a craniotomy, as well as the right side of the
frontal bone, zygoma, and maxilla. The patient went on to have a
secondary orbital implant and further orbital reconstruction under the
maxillo-facial team
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The antigen exposure at the time of injury is presumed to
be limited by timely primary globe closure, or removal of
the uveal tissue. Risk factors for SO include a primary
repair more than 48 h post injury, secondary eye removal
after 10–14 days, ciliary body involvement in the injury,
and a scleral wound greater than 5 mm in length [14, 24].

SO is a rare condition and its incidence following
penetrating ocular trauma is estimated at between 0.28%
and 1.9% [25, 26]. Du Toit et al. found no cases of SO in a
series of 491 primary eviscerations over a 10-year period
[27]. SO is now readily managed with systemic immuno-
suppression for severe cases; and in the BOSU study by
Kilmartin et al., 75% of cases followed for a year retained
visual acuity of 6/12 or better [28]. Enucleation was tradi-
tionally recommended over evisceration to prevent SO
[29, 30], in spite of Bellan calculations to demonstrate that
assuming an incidence of 0.28%, 9999 enucleations would
be required to prevent one case of SO [30].

Surgical decision-making in ocular trauma is largely
based on surgeon preference and experience, with minimal
evidence in the literature to support either enucleation or
evisceration. Given the low incidence and treatable nature
of SO, evisceration has been shown to be a viable alter-
native to enucleation [10], and this is supported by the lack
of SO in our cohort.

The use of primary orbital implants in eye removal
procedures is also contentious. In our cohort, three enu-
cleations were performed as primary procedures, with
implants at the time of surgery. Two of these patients went
on to have good outcomes with no recorded complications.
This demonstrates that in selected patients, orbital implants
at the time of primary eye removal can be successful,
despite what is by definition a contaminated wound. This
approach can be supported by the fact that primary implants
can be used in patients undergoing eye removal with
endophthalmitis [31], although this does not take into
account the disrupted anatomy associated with battlefield
orbital trauma and likely contamination of surrounding
tissues. The risk of this approach is highlighted in case 2, as
this patient required implant retrieval and further washout
due to a high risk of infection. The risk in this case was
amplified due to the severe trauma to the orbit and com-
munication with the intracranial space. Given that delayed
wound closure can reduce infection rates [32], the authors
suggest that primary orbital implants should be avoided in
cases of severe orbital trauma, particularly where the orbital
roof is involved.

Two patients underwent primary evisceration more than
24 h post injury and went on to have good outcomes, sug-
gesting that their prognosis was not affected by the delay.
Although the sample population is small, these findings show
that in cases of severe globe disruption, good results can be
attained by awaiting specialist review at a tertiary referral

centre before eye removal, despite a delay to definitive
treatment. This may allow thorough examination, debride-
ment, and decontamination of the wound, while preserving
as much tissue as possible. This approach could reduce the
requirement for further procedures and enable appropriate
selection of patients suitable for primary implants.

Complication rates were similar between eviscerated
(28.6%) and enucleated (33.3%) eyes, but higher than the
14% seen by Zheng C et al. [4], likely reflecting the greater
severity of trauma in battlefield injuries. In this study, com-
plications were higher in patients with orbital wall fractures,
again indicating an increased severity of trauma. Given the
sample size and dissimilarities between the two groups,
further investigation would be required to better define their
safety profile. There was no clear association between
complications and time to procedure, or with the use of
primary or secondary implant insertion. One patient devel-
oped implant exposure (case 1) but there were no recorded
pre or intra-operative findings that indicated the patient was
at high risk. The rate of implant exposure (5.0%) compared
favourably with the findings of Tabatabaee et al. in trauma-
tised eyes (16.1%); but it is of note that predominately acrylic
implants were used in our cohort rather than porous implants
[33]. Our findings of increased rates of postoperative pain in
eviscerated patients compared to enucleations corresponds
with the findings of Migliori et al. [10].

Collection of data on long-term outcomes was hampered
by limited documentation, particularly regarding the extent
of eye movement and cosmetic outcome. Long-term data
were also limited as British Armed Forces personnel are
recruited from all around the UK and whilst their initial
management on repatriation was under the RCDM, patients
were frequently transferred on to local centres for long-term
follow-up.

In summary, evisceration and enucleation are both viable
options in the management of severe ocular trauma in
military patients. Procedure selection is largely based on
surgeon experience and opinion, but evisceration and enu-
cleation have similar complication rates and low rates of
SO, although evisceration may be associated with increased
postoperative pain. Primary orbital implants can be used in
select patients, but wounds must be thoroughly cleaned
before this is done and patients with orbital roof fractures
should be considered high risk.

Summary

What was known before

● Poor availability of data on outcomes of eye removal,
especially from military trauma. Military trauma often
involves the eyes and is of high energy, and rela-
tively frequently requires eye removal.
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● Unclear on best management of patients requiring eye
removal or if evisceration or enucleation is superior
technique.

What this study adds

● Complete overview of ophthalmic trauma patients from
the Iraq and Afghanistan wars requiring eye removal.
Enucleation and evisceration provide similar complica-
tion rates and outcomes, but orbital wall fractures
are associated with higher rates of complications.
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