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Purpose: To investigate the frequency of primary versus secondary eye removal, frequency
of enucleation versus evisceration, and characteristics and outcomes of patients undergoing
these procedures after presenting with severe ocular trauma.

Patients and Methods: Retrospective chart review of patients presenting to the emergency
department (ED) with severe eye trauma necessitating enucleation or evisceration between
2010 and 2018.

Results: There were 92 eyes from 90 patients included in our study. Twenty-seven percent
of eyes underwent primary removal (n=25, 14 enucleation, 11 evisceration), while 73% of
eyes underwent secondary removal (n=67, 50 enucleation, 17 evisceration). The mean patient
age was 45.2 years (range 4.2-92.6); primary enucleation/evisceration patients were older on
average than secondary eye removal patients [53.8 years (range 15.9-91.2) versus 42.2 years
(range 4.2-91.6 years), p=0.04]. A median of 34 days passed between ED presentation and
secondary enucleation/evisceration. Before undergoing secondary enucleation/evisceration,
patients underwent a median of one ocular procedure (range 0—14) for various complications
of trauma including orbital infection, choroidal or retinal tear or detachment, and wound
dehiscence. Open globe injury repairs comprised 43 of the 92 total procedures (47%)
performed prior to secondary enucleation/evisceration. Secondary enucleations/eviscerations
required a median of seven clinic visits compared to two clinic visits required after primary
surgeries (p<0.01). 10.7% of all patients (n=10) had at least one implant-related complication
following enucleation/evisceration, with all but one of these patients being in the secondary
enucleation/evisceration group.

Conclusion: Primary enucleation or evisceration was performed in 27% of all eye removals,
and enucleation was performed in 69.6% of all eye removals. Future research is warranted to
determine if primary eye removal may be appropriate and when to consider enucleation
versus evisceration.
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Introduction

Eye injuries due to ocular trauma are a major cause of vision loss in the United
States, with up to one-third of serious ocular injuries leading to eventual blindness."
Traumatic injuries have been associated with long-term sequelae, including reduced
quality of life and loss of productivity for patients.”* Severe and devastating
injuries may ultimately require removal of the affected eye with enucleation or
evisceration. When patients arrive at the emergency department (ED) with no light

perception, the ophthalmologist must decide whether to proceed with surgeries to
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salvage the eye or consider primary enucleation or evis-
ceration. Previous studies have examined the epidemiol-
ogy and clinical features of severe ocular injury.'= '
Though the Ocular Trauma Score predicts visual potential
and has been employed to assist in the management of
ocular trauma, there are currently no definitive guidelines
on when primary enucleation/evisceration should be
considered.'*'> In this study, we investigate the clinical
characteristics, demographics, and outcomes of a cohort of
patients with severe eye trauma presenting to a tertiary
care eye trauma center requiring eye removal. By present-
ing this data, as well as establishing the frequency of
enucleation and evisceration in this patient population,
we aim to provide useful information for ophthalmologists
caring for patients with traumatic eye injuries.

Patients and Methods

We conducted a single-center, retrospective cohort study
of patients who presented to the Eye Trauma Center at the
Wilmer Eye Institute (WEI) of the Johns Hopkins Hospital
(JHH) in Baltimore, Maryland. This study adhered to the
tenants of the Declaration of Helsinki and was approved
by the Johns Hopkins Institutional Review Board (IRB).
A waiver for written informed consent was granted by the
IRB for the purposes of this study. The study was deemed
compliant with the Health Insurance Portability and
Accountability Act (HIPAA) by the IRB.

The WEI operates in the adult and pediatric ED’s of the
JHH, a tertiary academic medical center in Baltimore,
Maryland, and it is a designated eye trauma center in the
region. An electronic chart review was conducted on all
patients who presented to the ED with severe eye trauma
requiring eventual enucleation or evisceration between
January 2010 and June 2018. We identified enucleation
and evisceration procedures using Current Procedural
Termini (CPT) codes for removal of eye contents (65091,
65093, 65103, and 65105) provided by accessing a billing
database of all surgeries performed.'® We then excluded
patients who did not initially present with ocular trauma to
our ED, such as patients with a blind painful eye for
reasons other than trauma. Information about initial pre-
sentation and patient characteristics including medical
comorbidities was collected. Comorbidities collected
included diabetes, HIV, COPD, asthma, chronic kidney
disease, chronic liver disease, heart disease, autoimmune
diseases, dementia, and psychiatric disorders.

We defined primary enucleation/evisceration as surgery
occurring within 24 hours of presentation, while secondary

enucleation/evisceration was defined as surgery occurring
after the first 24 hours of presentation. To assess patient
outcomes, information regarding the date of last follow-
up, number of clinic visits, number of ocular surgeries
prior to secondary enucleation or evisceration, and com-
plications requiring additional medical or procedural inter-
vention during the study period were collected.
Complications before secondary eye removal included
endophthalmitis, retinal detachment, and wound dehis-
cence. Complications following eye removal included
infection, migration, exposure, or extrusion of the intra-
orbital implant.

For statistical analysis, we performed Chi-square test-
ing for differences in proportions of categorical variables,
the Student’s #-test for difference of means between
groups, and Mood’s median test for differences of medians
between groups. Mann—Whitney non-parametric testing
was used to compare the number of non-ocular medical
comorbidities, as this data point was not normally distrib-
uted, and Kruskal-Wallis testing compared patient age
stratified by race. Statistical analysis was performed
using Stata version 13.0 (StataCorp, College Station, TX,
USA). For the purposes of our statistical analysis, signifi-
cance was defined as p<0.05.

Results

Baseline demographics and clinical characteristics of
patients included in our study are demonstrated in Table
1. The majority of patients were male (72.8%, n=67).
Black patients comprised 47.8% (n=44) of the study popu-
lation, followed by white (43.5%, n=40) and Hispanic
(7.6%, n=7) patients, respectively. Patients presented at
a mean age of 45.2 years (range 4.2-92.6 years). The
median age of eye removal patients was 30 for blacks
(range 15-88), 54 for whites (range 4-91), 45 for
Hispanics (26-58), and 46 for unknown/other; differences
in patient age were statistically significant when stratified
by race (H statistic 7.1, p=0.03).

We identified 409 enucleation and evisceration proce-
dures performed between 2010 and 2018, out of which
a total of 92 eyes in 90 patients were removed following
presentation in our ED for ocular trauma specifically.
Enucleations comprised 14 of the 25 primary procedures
(56.0%) and 50 of the 67 secondary procedures (74.6%;
p=0.08). Patients who underwent primary eye removal
were on average older (mean 53.8 years, range 15.9-91.2
years) than patients who underwent secondary eye
removal

(mean 42.2 years, range 4.2-92.6 years,
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Table | Characteristics of Patients Undergoing Enucleation/Evisceration After Trauma

Total Eyes Primary Enucleation/ Secondary Enucleation/ p-value
(n=92) Evisceration (n=25) Evisceration (n=67)
Procedure, n (%) 0.08
® Enucleation 64 (69.6) 14 (56.0) 50 (74.6)
® Evisceration 28 (30.4) 11 (44.0) 17 (25.4)
Sex, n (%) 0.53
® Male 67 (72.8) 17 (68.0) 50 (74.6)
® Female 25 (27.2) 8 (32.0) 17 (25.4)
Laterality, n (%) 0.71
® Right 56 (60.9) 16 (64.0) 40 (59.7)
® |eft 36 (39.1) 9 (36.0) 27 (40.3)
Age, mean years (S.D.) 45.2 (21.3) 53.8 (25.6) 422 (19.1) 0.04*
Race, n (%) 0.42
® Black 44 (47.8) 11 (44.0) 33 (49.2)
® White 40 (43.5) 11 (44.0) 29 (43.3)
® Hispanic 7 (7.6) 2 (8.0) 5(7.5)
® Other/unknown I (I.1) 1 (4.0) 0 (0.0)
Number of comorbidities, mean (S.D.) 0.51 (0.9) 0.60 (1.0) 0.48 (0.8) 0.76

Note: *Denotes significance at the p<0.05 level.
Abbreviation: S.D,, standard deviation.

p=0.04). There were no significant differences between the
two groups for sex (p=0.53) or race (p=0.42). There was
no significant difference regarding the number of medical
comorbidities between the primary and secondary eye
removal groups (p=0.76).

The etiologies of trauma in cases requiring enucleation/
evisceration surgery are presented in Table 2. The most
common diagnoses at presentation included open globe
injuries (88.0%, n=81), chemical injuries (3.3%, n=3),
avulsions/subluxations (2.2%, n=2), and other injuries
including traumatic optic neuropathy and phacolytic glau-
coma (6.5%, n=6). Assault was the most common mechan-
ism of eye injury in our cohort (20.7%, n=19), followed by
gunshots (17.4%, n=16), falls (17.4%, n=16), workplace
accidents (14.1%, n=13), and recreational accidents (4.3%,
n=4). A greater proportion (70.4%, n=31) of blacks experi-
enced non-accidental trauma (gunshots and assaults) com-
pared to whites (20%, n=8) and Hispanics (0%, n=0;
p<0.001). Most eyes were removed due to being blind
and painful (95.7%, n=88), followed by cosmetic disfig-
uration (3.2%, n=3), and endophthalmitis (1.1%, n=1).

The majority of patients undergoing enucleation or evis-
ceration had no light perception (NLP) vision on presentation
to the ED (68.5%, n=63). Eighty-four percent of patients
undergoing primary eye removal had NLP on presentation.

In the four cases where primary enucleation/evisceration was
performed in a patient with greater than NLP vision (n=3
with light perception [LP] vision and n=1 with hand motion
[HM] vision), the reason for pursuing surgery was extremely
poor visual prognosis due to the severity of the injury, such as
expulsed intraocular contents. In addition, two of these
patients were elderly with comorbid dementia and cardiac
conditions, increasing their surgical risk. After discussion
with the patient and their families, the decision for primary
enucleation was made. Of the patients who underwent sec-
ondary eye removal, 62.7% (n=42) initially presented with
NLP vision, 20.9% (n=14) eventually worsened to NLP
vision prior to surgery, and 16.4% (n=11) had greater than
NLP vision at the time of surgery. Reasons for pursuing
secondary enucleation/evisceration in patients with greater
than NLP vision included intractable pain (91%, n=10) and
cosmetic disfigurement (9%, n=1).

Clinical outcomes of cases requiring enucleation/evis-
ceration surgery are shown in Table 3. The median duration
of follow-up after the initial presentation for all cases was
292 days (range 2-3411 days). The primary eye removal
group had a median follow-up duration of 45 days (range
2-2187 days) while the secondary eye removal group had
a median follow-up duration of 78 days (range 13-3411,
p=0.002). The median number of follow-up visits relating
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Table 2 Etiology of Trauma in Patients Undergoing Enucleation/Evisceration Surgery

Total Eyes Primary Enucleation/ Secondary Enucleation/ p-value
(n=92) Evisceration (n=25) Evisceration (n=67)

Diagnosis at presentation, n (%) 0.77
® Open globe 81 (88.0) 24 (96.0) 57 (85.1)
® Chemical injury 3(3.3) 0 (0.0) 3 (4.5
® Avulsion/subluxation 2(22) | (4.0) I (1.5)
® Other 6 (6.5) 0 (0.0 6 (9.0)

Cause of trauma, n (%) 0.12
® Assault 19 (20.7) 4 (16.0) 15 (22.4)
® Gunshot wound 16 (17.4) 4 (16.0) 12 (17.9)
® Fall 16 (17.4) 6 (24.0) 10 (14.9)

® Workplace accident 13 (14.1) 0 (0.0) 13 (19.4)

® Recreational accident 4 (4.4) 1 (4.0) 3 (4.5

® Other 24 (26.0) 10 (40.0) 14 (20.9)

Visual acuity at presentation, n (%) 0.05
® NLP 63 (68.5) 21 (84.0) 42 (62.7)

® >P 29 (31.5) 4 (16.0) 25 (37.3)

Reason for eye removal, n (%) 0.67
® Pain 88 (95.7) 24 (96.0) 64 (95.5)

® Cosmetic disfigurement 332 1 (4.0) 2 (3.0

® Endophthalmitis I (1.1) 0 (0.0 I (1.5)

Abbreviations: NLP, no light perception; LP, light perception.

to the eye trauma for all cases was 5, with patients who had
primary enucleation/evisceration following up a median of 2
times (range 1-10) and patients with secondary enucleation/
evisceration following up a median of 7 times (range 148,
p<0.01).

The median time between presentation and secondary
enucleation/evisceration was 34 days (range 2—3628 days).
There were 23.9% (n=16) cases of secondary enucleation/
evisceration that had at least one ocular complication
(range 0—11 complications) prior to enucleation/eviscera-
tion. There were no cases of sympathetic ophthalmia in
our cohort. A total of 93 procedures were performed prior
to 62 cases of secondary enucleation/evisceration in our
cohort (median 1 procedure, range 0—14 procedures). The
most common procedures included open globe injury
(46.7%) and retinal tear/detachment

repairs repairs

(17.4%). A complete list of all procedures performed
prior to eye removal is shown in Table 4.

There was a median of one procedure (range 0—6) after
secondary enucleation/evisceration due to an implant-
related complication. Of all 92 cases of enucleation/evis-
ceration, 10.7% (n=10) had at least one implant-related
complication after the surgery (range 1-5). These compli-
cations included infection, extrusion, or migration of the
orbital implant. One patient (4%) in the primary eye
removal group experienced an implant-related complica-
tion versus nine patients (13.4%) in the secondary eye
removal group (p=0.20).

Discussion
Our investigation sought to examine the frequency of
primary versus secondary eye removal in a cohort of

Table 3 Clinical Outcomes of Patients Undergoing Enucleation/Evisceration Surgery

Total Eyes Primary Enucleation/ Secondary Enucleation/ p-value
(n=92) Evisceration(n=25) Evisceration (n=67)
Duration of follow-up, median days (S.D.) 292 (830) 45 (514) 78 (885) 0.002%*
Number of follow-up visits, median (range) 5 (1-48) 2 (1-10) 7 (1-48) <0.01%*

Note: *Denotes significance at the p<0.05 level.

Abbreviation: S.D,, standard deviation.
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Table 4 Procedures Received Prior to Secondary Enucleation/
Evisceration Surgery

Procedure Frequency (%)
Open globe repair 43 (46.7)
Retinal tear/detachment repair 16 (17.4)
Eyelid/brow repair 7 (7.6)
Conjunctivoplasty 6 (6.5)
Glaucoma surgery 5(54)
Keratoplasty 4 (4.3)
Tarsorrhaphy 4 (4.3)
Orbital exploration 1 (1.1)
Exam under anesthesia 1 (1.1)
Lensectomy 1 (1.1)
Silicone oil removal 1 (1.1)
Orbital fracture repair 1 (1.1)
Intravitreal antibiotic injection 1 (1.1)
Band keratopathy repair 1 (1.1)
Total 92 (100%)

patients who eventually required eye removal due to
severe trauma and to determine how often enucleation is
performed compared to evisceration. Our secondary goal
was to assess patient demographics, mechanisms of
trauma, clinical outcomes, and complications following
eye removal. This descriptive study can help ophthalmol-
ogists understand the most common presenting character-
istics in patients with eye trauma severe enough to warrant
removal in addition to the complications patients can
experience before and after primary or secondary eye
removal.

We found that assaults were the most prevalent etiol-
ogy of ocular trauma in our cohort and that the majority of
patients were male (72%). In the literature, men also
with

trauma.'>®'>'" Non-accidental trauma, including gun-

represent the majority of patients ocular
shots and assaults, was more common in blacks (70.4%)
than whites (20%) and Hispanics (0%). Blacks also experi-
enced ocular trauma at a younger median age (30 years)
than whites (54 years) and Hispanics (45 years). These
differences likely reflect the racial disparities affecting our
patient population.

Our study found that primary eye removals occurred
less frequently than secondary eye removals. One factor
that was associated with primary enucleation/evisceration
was increased age. There are a number of reasons why this
may be possible, with the most obvious being the risk of
subjecting elderly patients to multiple procedures under

general anesthesia.'® In addition, younger patients may

have more years for potential visual recovery than older
patients, which may contribute to the treating physician’s
decision to not pursue primary enucleation/evisceration.
In our cohort, the majority of patients undergoing
primary enucleation/evisceration presented with NLP
vision. Retrospective studies examining outcomes of
open globe injury repairs in patients with NLP vision
after injury found that between 16% and 33% of eyes

10,19-21 and

regained some vision following the surgery,
one study found that 14% of patients had a final visual
acuity of between 20/50 and 20/200."° In our study, 58%
(n=25) of patients who underwent open globe injury
repairs presented with NLP vision, and none of them
regained vision after the repair. However, our study popu-
lation is comprised of patients who underwent eventual
eye removal, so the severity of injury is likely greater than
that reported in these previous studies. The existence of
a relative afferent pupillary defect (RAPD), wound extend-
ing posterior to the rectus insertion, associated vitreoret-
inal trauma, optic nerve avulsion or transection, and
extensive loss of intraocular contents all increase the like-
lihood of persistent NLP vision even after primary
repair.'”? Other clinical factors, such as the presence of
light perception the first day after primary repair or pre-
sence of reversible pathology (such as widespread choroi-
dal or dense vitreous and subretinal hemorrhage) increase
the chance of visual recovery with additional surgeries.?
In our study, surgeons may have been more likely to
choose primary enucleation/evisceration over primary
repair in patients with NLP vision who were elderly, had
more serious systemic comorbidities, and had severe ocu-
lar injuries where visual recovery was unlikely.

Patients with any potential for vision should receive
globe-sparing procedures in hopes of retaining functional
acuity. Primary repair in severe injuries should also be
performed when patient disorientation post-trauma limits
visual acuity assessment and informed consent, as well as
when the psychological trauma of potential enucleation/
evisceration is too great for the patient to agree to
initially.”* However, patients who undergo globe-sparing
procedures may experience persistent pain or cosmetic
disfigurement and eventually undergo secondary enuclea-
tion/evisceration as a result. In our study, intractable pain
was overwhelmingly the most common reason for second-
ary eye removal (95.7%). A previous review of 107 cases
reported that 12% of patients with primary open globe
injury repair eventually undergo secondary enucleation/
evisceration, with poor initial visual acuity, presence of
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RAPD or retinal detachment, and absence of a red reflex
predicting secondary removal.**

In our study, all patients who underwent secondary
removal had at least one preceding procedure, with 25%
of patients experiencing at least one ocular complication,
including infection, hemorrhage, choroidal or retinal
detachment or tear, glaucoma, and wound dehiscence.
There are important psychosocial factors that accompany
repeated procedures in patients with ocular trauma. It has
been demonstrated previously that patients with a history
of ocular trauma have been shown to have higher rates of
depression and anxiety when compared to the general
population.” ™ While extra time between injury and enu-
cleation/evisceration in patients who undergo secondary
enucleation/evisceration may give patients more time to
come to terms with their expected visual and cosmetic
outcomes, an advantage of primary enucleation/eviscera-
tion is that it both prevents potential complications from
repeated globe-sparing procedures on a blind eye and may
also shorten the emotional distress that these patients
endure.

Primary enucleation (56%) was more common than
primary evisceration (44%) in our study. This may have
occurred because, in the past, primary enucleation has
often been cited to eliminate the risk of sympathetic
ophthalmia.>® Although no patients in our study experi-
enced sympathetic ophthalmia, it has been reported to
occur in between 0.2% and 0.5% of eyes after penetrating
ocular trauma and can happen as early as days after
trauma.>> 2’ There is a theoretical increased risk of sym-
pathetic ophthalmic after evisceration compared to enu-
cleation due to the amount of ocular tissue retained;
however, this theory is still strongly debated in the litera-
ture and warrants further research.”® Regardless, the
improvement in immunosuppressive therapies available
has decreased the use of this argument for primary enu-
cleation in recent years.

Secondary enucleation (74.6%) was also more com-
mon than secondary evisceration (25.4%) in our cohort.
Again, this finding may be influenced by the surgeon’s
desire to reduce the risk of sympathetic ophthalmia.
Sympathetic ophthalmia usually occurs between 2 weeks
and 2 months after trauma, leading to the controversial
target to remove the eye within 2 weeks of injury.?> "%’
In our cohort, the median time to secondary eye removal
was 34 days. However, many factors may influence
a surgeon’s decision to consider eye removal after 2
weeks. For example, the ophthalmologist may pursue eye

removal in patients who develop eye pain or visual dete-

rioration at some point after 2-weeks post-injury.
Ultimately, because sympathetic ophthalmia can develop
at any time after ocular injury, eye removal beyond 2
weeks will still reduce this risk. Aside from sympathetic
ophthalmia considerations, enucleation may also be
selected when the trauma to the scleral shell is so severe
that evisceration would be extremely difficult. In addition,
some literature suggests that enucleation results in better
than

32 However, one study found that complete

control and less

30—

pain post-operative  pain
evisceration.
pain relief was ultimately achieved in all patients who
underwent enucleation or evisceration, at an average of 3
months after eye removal.>* A retrospective study found
that both enucleation and evisceration lead to aesthetically
similar outcomes.** Eviscerated eyes may have improved
implant motility, but not prosthetic motility, which often is
more important to patients.** Differences in complication
rates between the two procedures are variable depending
on the study and may be influenced more by the severity
of injury than the type of procedure.**>° Surgeon prefer-
ence and experience likely plays a large role in deciding
between enucleation or evisceration in severe ocular
trauma.

The main limitation of our study is that it is
a retrospective, single-center investigation. Because the
study was done at a single center, the practice of primary
versus secondary eye removal and the decision between
enucleation or evisceration may depend on the views of
a small number of oculoplastics faculty at our institution.
The statistical power of our study was also limited by the
small sample size. Future multicenter studies may be use-
ful to define in which situations primary eye removal
should be considered in the setting of severe eye trauma,
and whether enucleation or evisceration is appropriate.
Ultimately, this decision should be shared between the
patient and the physician, taking into account patient fac-
tors as well as injury severity.

Our study also has several strengths and key findings that
contribute to the field of ocular trauma research. The study
took place at a designated eye trauma center, allowing for
a cohort that was racially diverse, which included similar
percentages of African-American/black and Caucasian/white
patients. These patients presented over a period of 8 years,
expanding the range of practice patterns employed by
a variety of physicians. Lastly, we had a long duration of
follow-up for the patients, allowing us to collect data about
complications that occurred even years after the trauma.
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Conclusion

In our study, secondary eye removal was more common
than primary eye removal after severe ocular trauma, and
enucleation was employed more often than evisceration.
Ultimately, additional research can help guide clinicians in
shared decision making for situations in which primary
enucleation/evisceration may be appropriate.
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