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Abstract

Background/objectives Prolonged hospital care is described as deployed medical care, applied beyond doctrinal planning
timelines and military medical planning envisages that in future conflicts, patients will have to be managed for up to 5 days
without evacuation to their home country. We aimed to investigate the effect of prolonged hospital care on visual outcomes
in the management of open and closed globe injures.

Methods We conducted a retrospective cohort study in the setting of British military operations in Afghanistan. We
included consecutive UK military patients with ocular trauma evacuated from Afghanistan between December 2005 and
April 2013. We assessed outcome using best-corrected visual acuity (VA) 6—12 months after injury.

Results All patients were male, with a mean age of 25. Outcomes adjusted for ocular trauma score (OTS) at presentation
were similar to previous reports of military ocular trauma. The mean time to arrival at a centre with an ophthalmologist was
1.74 days. Both patients with penetrating open globe injuries and patients with hyphaema and an OTS of 3 or less displayed
an association between worsening 6—12 month VA and time between injury and repair or assessment by an ophthalmologist.
Conclusion Time to specialist ophthalmic care contributes to outcome after military open and closed globe injuries, sup-
porting deployment of ophthalmologists on military operations.

Introduction injuries, with up to half of all injuries affecting the retina,

compared with <1% of civilian injuries. In addition, 5-7%

Military ocular trauma is common, being found in 10% of
all injuries from explosive devices on the modern battle-
field. This high frequency is compounded by a high prob-
ability of long-term profound visual loss, reflecting the
lethality of weaponry used in modern conflicts [1, 2].
Unlike civilian ocular trauma, which is predominantly
unilateral, up to 37% of military eye injuries are bilateral
[1, 3—6]. Military injuries are more severe than civilian
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of civilian open globe injuries require eye removal com-
pared with 31% of military open globe injuries
[1,3,4,7, 8]

Medical support to recent conflicts in Iraq and Afgha-
nistan has relied on rapid aeromedical casualty evacuation,
both to a medical treatment facility (MTF) with specialist
surgeons (such as ophthalmologists) within the theatre of
operations (Role 3), or out of country such as to Germany or
the UK (Role 4). In the case of US support to Operations in
Irag IRAQI FREEDOM and NEW DAWN) and Afgha-
nistan (ENDURING FREEDOM and FREEDOM’S SEN-
TINEL), this necessitated deploying Ophthalmologists to
Iraq, Afghanistan and Germany for the entire conflicts [9],
thus enabling assessment of eye injuries and repair of open
globes within hours of injury—a level of care comparable to
that found in civilian medical facilities [1, 10, 11]. In the
case of medical support to the United Kingdom (UK)
Operation HERRICK in Afghanistan, Role 2 enhanced
facilities in country relied on non-specialist initial assess-
ment and stabilisation, then rapid evacuation to a Role 4
facility in the UK [7, 12], which meant that between 2004
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and 2008, the mean time taken for UK service personnel to
be evacuated to specialist ophthalmic input (UK Role 4)
was 2.6 days [7].

NATO joint medical doctrine is to undertake damage
control surgery within 2 h of wounding [13]. Although time to
specialist treatment of ocular injuries has not been defined,
multi-disciplinary consensus states that this should be within
24 h [14]. In a theatre of conflict, this level of medical support
requires both the deployment of ophthalmologists and overall
air-superiority [11]. Future conflicts are likely to have delays
in evacuation [14, 15], and are likely to require local, Role 3,
management for up to 5 days post injury.

The British military use the NATO doctrinal term ‘pro-
longed hospital care’ (PHC) to describe ‘in theatre surgery’
that is required when evacuation timelines are protracted
[13, 16]. The US military instead use the term prolonged
field care (PFC) in Joint US doctrine as ‘field medical care,
applied beyond doctrinal planning timelines’, and culmi-
nates in evacuation to higher level MTFs [17]. For trauma,
PHC and PFC may be thought of as an extension or follow-
on treatment to Tactical Combat Casualty Care, when
evacuation is delayed and providers are forced to address
the patient’s needs beyond the initial resuscitation and
preparation for transport [16].

The 2.6 day evacuation time previously reported there-
fore represents care beyond current multi-disciplinary con-
sensus and standard western practice and most servicemen
in this series therefore form an example of the effect of PFC
of ophthalmic injuries [3, 4, 18]. We aimed to determine
any effects on visual outcomes of this prolonged time to
specialist ophthalmic assessment and treatment of eye
injuries in UK service personnel injured in Afghanistan.

Methods

The study was approved by the Clinical Governance
departments of University Hospitals Birmingham NHS
Foundation Trust (UHBFT) and Sandwell and West Bir-
mingham NHS Trust (SWBH) and Research and Innovation
at the Royal Centre for Defence Medicine (RCDM).

We performed a retrospective comparative cohort study.
We included all consecutive cases of military deployment-
related eye trauma presenting to the UK Role 4 MTF
between 23 August 2007 and 19 April 2013. We collected
clinical data from UHBFT (the major military trauma unit in
the UK, including RCDM) and the Birmingham and Mid-
land Eye Centre (a major tertiary referral unit, part of
SWBH), to which some patients were transferred for
treatment. As UK military policy during this period was for
all aeromedical evacuations for deployed ophthalmic
trauma to be transferred to RCDM, this included all cases of
military ophthalmic trauma during that period.

Cases were identified from: the UK Joint Theatre Trauma
Registry; searching diagnosis codes at UHBFT for diag-
nosis codes of ocular trauma in military patients; emergency
operating room registers at SWBH; a prospectively col-
lected register of all cases with head and neck injury as
previously reported [19]. Data were collected between July
2017 and July 2019. We recorded: patient demographics,
mechanism and classification (Birmingham Eye Trauma
Terminology System (BETTS)) of injury, presenting best-
corrected visual acuity (VA), the presence of an afferent
pupillary defect or traumatic infective endophthalmitis,
surgical procedures performed (including primary repair
and any secondary surgical interventions) and visual out-
comes as best-corrected VA. To mitigate inconsistencies
associated with variable follow-up intervals, we recorded
best-corrected VA between 6 and 12 months post injury
using the closest measurement to 6 months in instances
where more than result was recorded. For the purposes of
analysis, all VA measurements were converted to logarithm
of the minimum angle of resolution (logMAR) equivalents,
including those with less than Snellen vision, as previously
described [20]. Ocular trauma score was calculated retro-
spectively when there was sufficient documentation of
injury type including: initial VA, presence or absence of a
relative afferent pupillary defect, retinal detachment and
endophthalmitis [21]. Eye injuries were classified according
to the BETTS [22]. Secondary procedures were considered
as any surgical procedure, directly related to the trauma,
performed after the time of primary repair.

Statistical analysis

Statistical analyses were performed in SPSS 21 (IBM,
Armonk, NY, USA). Unless otherwise stated, means are
given with standard error of the mean in brackets after-
wards. Means were compared using student’s ¢ test. To
account for the effects of injury severity on outcome, data
were analysed using generalised linear models including all
collected factors and covariates with categories with fewer
than seven cases combined and terms with a significance
greater than p =0.05 or preventing model fit sequentially
removed from the model. To account for the effect of
missing data, sensitivity analysis used a chained equations
method to impute five datasets for analysis of the effect of
missing values.

Results

All patients were male, with a mean age of 25. Injuries are
summarised in Fig. 1. The mean time to arrival at a centre
with an ophthalmologist was 1.74 days (+0.15; median
1.32; range 0.13-7.21). Outcomes, summarised by
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Fig. 1 Summary of injury

classification. “n” specifies the
number of eyes in each injury

group.

Injured eyes

n=120 eyes / 94
patients

Table 1 Outcome for all injuries with complete data broken down by
initial and final VA and presenting ocular trauma score.

Final VA
Initial VA/OTS

>6/12  6/15-6/60 5/60-6/1200 HM/LP NPL

>6/12 37
6/15-6/60 1
5/60-6/1200 8
HM/LP 5
NPL 0
OTS 5 9
OTS 4 3
OTS 3 6
OTS 2 0
OTS 1 0

S = = O O B N = =
S O N O O O O O
S = N O O O b = O N
W —_, —_ 0 W Wn =, o o

presenting ocular trauma score where this could be calcu-
lated are presented in Table 1. There was no variation in
time to arrival by open or closed injury type.

Open globe injuries

Because of the low number of perforating injuries and the
frequent difficulty of distinguishing between these two
types of military injury, rupture was classified with per-
forating injury for the purposes of analysis. One injury was
a gunshot wound (perforating) and 49 were blast injuries.
The mean time to arrival at a centre with an ophthalmologist
was 1.34 days (0.1).

Predictors of outcome after primary repair

VA 6-12 months after injury was available in 49/50 cases.
BETTS, but not OTS, was independently associated with
6—12 month VA (Table 2). The mean time to primary open
globe repair was 1.82 days (median 1.46, range 0.21-6.0).

SPRINGER NATURE

Open globe injuries

Closed globe injuries

Penetrating injuries
without IOFB

n=7

n=50

Rupture / perforating
injuries
n=17

Hyphema |OP rise
n=26 n=7

Commotio /
sclopetaria retinae

n=24

Contusions
n=60

Traumatic optic

Lamellar lacerations
neuropathy

n=70 n=7 n=7

Mixed contusion /
lamellar laceration

n=3

Increasing time to repair was associated with worse visual
outcomes in penetrating (but not rupture or IOFB) injuries
(Table 2). Sensitivity analysis to test the effect of missing
data yielded results equivalent to the main analysis.

Endophthalmitis

There were three cases of endophthalmitis, two penetrating
injuries and one with IOFB, which had times to repair of
1.39, 1.68 and 2.0 days and were all secondarily eviscerated
within 1 month of injury. When these cases were excluded
from the analysis of the effect of time to repair, the effect of
increasing time to repair on penetrating injuries was rela-
tively unchanged at logMAR 3.12 (+1.12) per 24 h.

Other procedures

Twenty-one patients had vitrectomy, a median of 4 days
(range 0-26) after primary repair, of whom one went on to
have secondary evisceration. Seven patients had primary
evisceration, three in theatre (two by ophthalmologists in
US facilities in theatre) and four on return to the UK.
Fourteen patients had secondary eviscerations and two had
secondary enucleations, a median of 21 days after primary
repair (range 4-321).

Closed globe injuries

Visual outcomes for the different injury types and factors
affecting outcome are summarised in Table 2. The mean
time to arrival at a centre with an ophthalmologist was
1.82 days (+0.28). Initial size of hyphaema was not docu-
mented except in one case when it was total and the patient
subsequently experienced an IOP rise. Patients with
hyphaema had worse 6-12 month VA (0.63 +=0.20) than
patients who did not (0.12+0.06; p=0.047), despite
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Table 2 Visual acuity (VA)

Injury classification Mean 6-12 month Increase in 6-12 month logMAR VA p value
outcomes 6—12 months after - .
N logMAR VA per day to specialist ophthalmic care
injury in open and closed globe
injuries and the effect of time Penetrating injury 2.14 (+0.77) 3.18 (£1.18) 0.007
from injury to primary repair or
specialist ophthalmic care for IOFB 1.49 (x0.33) —0.37 (x0.34) 0.287
each injury type. P values relate Rupture/perforating injury 4 (+0) 0 (+0.25) 1
to ftlhfl ?ff?ct of time 6t0 f;eciali;t Hyphaema with OTS <3 1.16 (20.25) 1.27 (20.42) <0.001

t — t .

oputhaiic care on mon Hyphaema with OTS 24 0.03 (+0.05) 0 (x0.17) 0.893

VA, with effects having a p

value <0.05 shown in bold.
value < 0.05 shown in bold.

accounting for injury severity using OTS. In patients with
hyphaema and severe injury, indicated by OTS of 3 or less,
increasing time to ophthalmic care was associated with a
decrease in 6-12 month VA (Table 2).

Because initial OTS was missing in 19/70 cases and
6—12 month VA in 7/70 cases, we performed a sensitivity
analysis with multiple imputation of the missing values, in
which the effect of time to ophthalmic care did not remain
significant in the model.

Bilateral injury

Eight patients had bilateral open globe injury. Including
closed globe injuries, 28 patients had bilateral injury and
three patients had worse than Snellen acuity in both eyes at
final follow-up; one patient had bilateral eviscerations (one
primary and one secondary), one patient had a final vision
of perception of light in his better eye and one could count
fingers in his better eye.

Discussion

PHC includes care provided outside of doctrinal planning
timelines. We report the care of deployed military eye injuries,
most of which received initial ophthalmic care more than
1 day after injury, ranging up to 7 days. While visual outcomes
were comparable to other military series [1], both closed and
open globe injuries suffered decrements in final VA with
increasing time to specialist assessment and the probability of
endophthalmitis was increased compared with comparable
military injuries with more rapid access to care [1, 10].

The mean time to specialist ophthalmic assessment was
1.5 days, which is less than previously reported and repre-
sents an incredible achievement of the aeromedical eva-
cuation process [7]. The standard of care in Western
medical practice and consensus for military injury man-
agement is access to specialist assessment to allow primary
repair within 24 h of injury and there is some evidence that
this should be shortened to 12h [18]. Delayed repair
beyond 12-24 h worsens final VA and increases the risk of
endophthalmitis and  post-operative ~ wound  leak

P values relate to the effect of time to specialist ophthalmic care on 6—12 month VA, with effects having a p

[3, 4, 18, 23], consistent with our finding of worsening
visual outcome associated with time to repair for penetrat-
ing injuries. The lack of any association in rupture and
perforating injuries relates to the universally poor outcome
for this injury type (all injuries no perception of light or
eviscerated at 6-12 months). The lack of association for
IOFB injuries could reflect development of cataract after
secondary vitreoretinal surgery. IOFB injuries being lower
energy (with better visual outcome) is an unlikely expla-
nation, as that is the case in civilian injuries, in which an
association with time to repair is present [3].

OTS was not associated with visual outcome when BETTS
was also included in the analysis, which most probably
reflects a lack of independence between these two terms, with
rupture injuries associated with a low OTS for instance.

When compared with civilian injuries in Birmingham in
a similar timeframe [3], military injuries had worse out-
comes even accounting for the effect of OTS, BETTS injury
type and time to surgery with military patients’ 6—12 month
logMAR VA 0.96 (+0.36) worse than civilians’. Compared
with the analysis of 253 globe injuries by Weichel et al. [1],
broken down by presenting VA, there was no evidence of a
difference in outcome compared with our series (Chi-
squared, p =0.496), but endophthalmitis was more com-
mon (chi-squared, p <0.001).

Three cases of endophthalmitis from fifty open globe
injuries is similar to civilian series [3, 24, 25], in which
times to primary repair were variable (but lower than this
series) and antibiotics were not always given, but higher
than comparable military case series, in which systemic
antibiotic prophylaxis was given and primary repair per-
formed within hours of injury [1, 10], suggesting that earlier
access to primary repair reduces the risk of endophthalmitis
even when systemic antibiotic prophylaxis is given.

For closed injuries, delayed access to care in hyphaema
(>24 h) is associated with an increased re-bleeding rate [26].
We observed worse visual outcomes for hyphaema patients
compared with other patients with closed globe injury,
despite accounting for injury severity using OTS, which
could suggest that the presence of hyphaema is associated
with a more severe injury than indicated by reductions in
presenting VA or that the complications of hyphaema

SPRINGER NATURE
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worsen visual outcome. The effect of time to ophthalmic
care in patients with hyphaema and OTS <3 suggests that
patients with hyphaema and more severe injuries were more
likely to suffer complications reducing visual outcome, such
as re-bleed and elevated IOP, and the likelihood of this
increased with increased time to ophthalmic care, which
would be consistent with previous evidence [26].

We recognise multiple limitations to this study, which, like
other analyses of military ocular trauma, was retrospective in
nature. We have attempted to address variation in injury
severity by calculation of OTS, but are limited by the pro-
portion of patients in whom VA could not be assessed because
of unconsciousness. We have further accounted for potential
variation in injury severity in different groups by sensitivity
analysis to impute missing OTS values, which found results
consistent with the primary analysis in the case of open globe
injuries, supporting a reliable association between time to
primary open globe repair and visual outcome.

The potential for PHC in future conflicts remains a
challenge for military medical planners, in which there are
three options for military ophthalmic injury management:
(1) forward deployment of ophthalmology; (2) delayed
access to ophthalmology; (3) ophthalmic care provided by
non-specialists. This cohort includes patients managed
under a combination of all three approaches, as some
patients were assessed and managed within hours of injury
by US Ophthalmologists in country, some had limited
assessment and treatment by non-specialists and most
waited for specialist ophthalmic assessment in the UK.
These data suggest that time to specialist ophthalmic care
contributes to outcome and should support forward
deployment of ophthalmology.

Summary

What was known before

e Delays to specialist ophthalmic assessment and treat-
ment of military eye injuries are likely to characterise
future conflicts.

What this study adds

e We show that delayed assessment and treatment worsens

visual outcome after open and closed globe injury.
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