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1. Introduction

Any prolonged loss of consciousness due to sedation on a
background of anaesthesia or intensive care may result in eye
complications which may go unnoticed as the patient cannot
expressed his/her reduced vision or pain.

Malocclusion of the eyelids causes surface injuries (keratopa-
thies and ulcers) which are the most common. These are usually
minor and resolve quickly as a result of reflex or maintained eyelid
occlusion, but are occasionally complicated by superinfection or
corneal perforation. They manifest by a red eye and can be detected
by the care teams.

Vascular accidents are characterised only by a painless decrease
of the vision. Compression of the eyeball may cause occlusion of
the central retinal artery, which is only expressed by a reduced
vision. This is usually unilateral and cannot be detected
immediately by the patient if he/she is sedated or because of
compensation from the other eye when the patient wakes up. In
contrast, ischaemic optic neuropathy is often bilateral.

All of these eye injuries may result in permanent reduction in
vision, which is occasionally bilateral and severe. They can be
identified in conscious patients by the presence of pain, eye
redness and reduced vision. It is the job of the care teams to detect
these injuries in the unconscious patient.

2. Working group

The working group used the GRADE® registration method to
develop its recommendations. After a quantitative analysis of the
literature, this method enables to assess separately the quality of
evidence i.e. an estimate of the trust that can be placed in the
analysis of the quantitative effect of the intervention. It also
enables a level of recommendation to be issued. The quality of
evidence is divided into four categories:

e high: future research is very unlikely to change the trust in the
estimate of the effect;

o moderate: future research probably will change the trust in the
estimated effect and may change the estimate of the effect itself;

e low: future research is very likely to have an impact on the
confidence in the estimate of the effect and probably will change
the estimate of the effect itself;

o very low: the estimate of the effect is extremely uncertain.

The quality of evidence is analysed for each study and an overall
level of evidence is defined for a given question and criterion.

The final guidelines are always defined as either positive or
negative and either strong or weak.

e strong: this must be done or must not be done (GRADE 1+ or 1-);
e weak: this probably must be done or not be done (GRADE 2+ or
2-).

The strength of the guidelines is established depending on key
factors, and it is confirmed by the experts after a vote using the
Delphi and GRADE Grid method.

Estimation of effect:

e the overall level of trust: the higher the level of trust, the
strongest the guidelines;

e the balance between desirable and undesirable effects: the
guidelines are more likely to be strong as this balance increases;

o the values and preferences: the guidelines are probably more
likely to be weak if uncertainties or great variability exists; these
values and preferences must ideally be obtained directly from
the people concerned (patient, doctor, decision-maker);

e costs: the guidelines are more likely to be weak with increasing
cost or use of resources;

e in order to issue a recommendation, at least 50% of the
participants have to have an opinion and less than 20% must
prefer the opposite proposal;

e in order to issue a strong recommendation, at least 70% of the
participants must be in agreement.

Overall, the evidence in the literature about eye protection is
methodologically weak. The experts were faced with three
situations:

o for some questions, the existence of several studies and/or meta-
analyses of good methodological quality, the GRADE® method
applied in its entirety and allowed guidelines to be issued;

o if the experts did not have a meta-analysis to answer the
question, a qualitative analysis following the GRADE® method
could be used and a systematic review was carried out;

e finally, in some areas, no recommendations could be made
because of a lack of recent studies.

After summarising the work carried out by the experts and
applying the GRADE method, 10 recommendations were formally
issued by the organising committee. Among these recommenda-
tions, 1 is strong (Grade 1 + ), 2 are weak (Grade 2 +/—) and for 9 of
them, the GRADE®™ method could not be applied and these were
expert opinions. An expert opinion was only approved in the event
of a strong agreement from more than 70% of the experts.

All of the recommendations were then submitted to a review
group for Delphi scoring. After 1 scoring cycle and various
amendments, strong agreement was reached for all of the
recommendations.

3. Prevention of corneal injuries in anaesthesia

R1.1 In order to prevent corneal injuries in general anaes-
thesia, systematic eyelid occlusion using adhesive strips
alone is recommended

(GRADE 1+) STRONG agreement

Discussion: A literature review including 7 randomised con-
trolled trials [1-7] and 1 historical series [8] has compared
different methods of preventing corneal injuries during general
anaesthesia (GA) [9]. This review reports that eyelid occlusion
with adhesive strips alone is superior or equivalent to other
methods (ointments, lubricants containing an aqueous meth-
ylcellulose solution or viscous gel, protective spectacles, in-
sertion of hydrophilic contact lenses, suturing the eyelids
together, dressings containing a “Geliperm®™” hydrogel or
“Tegaderm®™”” or “Opsite™" bio-occlusive dressings) [1,3,5-
7] and is associated with fewer adverse effect [6,7]. Compared
to occlusion with adhesive strips, simple manual closure of the
eye is associated with a higher incidence of corneal injuries
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(10% of corneal injuries found in a series of 300 ““eyes’’ in which
90% belong to the manual closure group compared to 6.6% in
the group occluded with adhesive strips) [4].

R1.2 Apart from a rapid induction sequence, eyelid occlusion is
recommended as soon as the ciliary reflex is lost and before
tracheal intubation, in order to reduce the risk of traumatic
injuries to the cornea

(Expert opinion)

Discussion: It is suggested in a literature review that corneal
injuries may occur following direct trauma to an unprotected
eye, caused by various objects used by care workers, such as
watches, badges, stethoscopes or the laryngoscope during
intubation [9].

R1.3 It is recommended that complete occlusion of the eye be
obtained by apposing the upper and lower eyelids together
and regularly checking the effectiveness of this occlusion

(Expert opinion)

Discussion: In a before/after cohort, mandatory training
about the need to correctly occlude the eyelids and confirm
the effectiveness of this occlusion, reduced the incidence of
corneal injuries by a factor of three [11].
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Discussion: Protection of the cornea depends on its moistu-
risation, which itself depends on eyelid closure, blinking and
the quality of the aqueous film present on the cornea. These
3 protective components are regularly reduced in intensive
care patients. Exposure-related corneal injuries in intensive
care are therefore seen in 8.6% to 60% depending on the study
[12-16].

Several cohort studies appear to indicate that the peak
incidence of corneal injuries occurs during the first week after
admission tointensive care and that the patients at greatest risk
of developing these are those who are intubated and ventilat-
ed, sedated or those at a low level of awareness with eyelid
malocclusion [17,18].

The aim of all the studies was to assess the severity of
corneal injuries in intensive care using an ophthalmoscope
producing a cobalt blue light combined with the application of
a drop of fluorescein. The majority of corneal injuries involve
punctiform damage, invisible to the naked eye. These injuries
can however progress to corneal ulceration with visual compli-
cations. The sensitivity of screening for keratopathies by
trained intensive care physicians is described as being close
to that obtained by ophthalmologists [19].

R1.4 For at-risk surgery (head and neck surgery, ventral or
lateral position procedures) it is probably recommended that
lubricants containing an aqueous solution without preserva-
tive in a single dose form such as methylicellulose or viscous
gel be used in combination with eyelid occlusion using
adhesive strips. An alternative is to use transparent, lubricant-
free bio-occlusives

(Expert opinion)

R1.5 It is recommended to not use oil-based ointments not
be used for high-risk surgery

(Expert opinion)

Discussion: Procedures performed in the ventral or lateral
position and head and neck surgery are risk factors for corneal
injuries. The duration of anaesthesia is not an independent risk
factor [10]. Use of methylcellulose as a lubricant produces
fewer adverse effects than paraffin-based ointments [2,3,6,7].

R2.2 In intubated and ventilated intensive care patients, an
aqueous gel or humidity chambers should probably be used
instead of artificial tears

(GRADE 2 +) STRONG agreement

Discussion: A meta-analysis including 7 prospective, ran-
domised studies sought to assess the comparative efficacy of
humidity chambers, aqueous gels and artificial tears in inten-
sive care patients [20]. These studies compared the incidence
of corneal injuries which were screened using an ophthalmo-
scope depending on the treatments, between patients (n = 343)
or between eyes (n=701). The use of a humidity chamber
reduced the incidence of injuries compared to lubrication of the
eye alone (RR: 0.27; 95% Cl: 0.11-0.67; P=0.005) although there
was significant statistical variability (P=0.001, 1> = 73%). The
sub-group analysis showed a reduction in risk associated with
the use of a humidity chamber compared to artificial tears (RR:
0.13; 95% ClI: 0.05-0.35; P < 0.0001). Conversely, the humidity
chamber was not superiorto application of a gel (RR: 0.81; 95%:
0.51-1.29; P=0.36). There aren’t enough data assessing eyelid
occlusion whether or not combined with corneal lubrication.

R1.5 Development of a training program and prevention
protocol in care facilities is probably recommended in order to
reduce the incidence of corneal injuries under general
anaesthesia
(GRADE 2 +) STRONG agreement

Discussion: Setting up a training program with a prevention

protocol in care facilities helps to reduce the incidence of
corneal injuries [11].

5. Prevention of retinal injuries due to central retinal artery
occlusion (CRAO) or acute ischaemic optic neuropathies (AION)

Prevention of corneal injuries in intensive care

R2.1 In at risk patients (intubated and ventilated, sedated or
with a low level of awareness), screening for corneal injuries
should probably be carried out using a fluorescein test

(Expert opinion)

R3.1 In order to avoid direct compression of the eyeball and
CRAO in spinal surgery carried out in the ventral decubitus
position and particularly when surgery is long, it is probably
recommended that appropriate headrests be used guarantee-
ing no direct compression of the eyeball (with the head in the
neutral position using a direct bone point application headrest
such as a Mayfield or specially cut cushion to control the
eyeballs without contact and without manipulating the
patient)

(Expert opinion)

R3.2 It is probably recommended that absence of any
extrinsic compression of the eyeball during the procedure
be checked.

(Expert opinion)

Discussion: The main postural circumstances in which ocu-
lar compression occurs are procedures where the patient is in
the ventral or lateral position. These compressions usually
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follow mobilisation of the head during the procedure and, less
commonly, are due to incorrect initial positioning. It is recom-
mended that practitioners be vigilant about the position of the
head throughoutthe procedure [21,22]. Lee et al.,inthe register
of peroperative visual loss, found significant differences be-
tween CRAO (n=10) and AION (n=83), evidence pleading in
favour of direct compression [21,22]. All of the CRAO were
unilateral, none of them occurred while using a Mayfield head
clamp, and 7 cases out of 10 (70%) showed external features of
external trauma to the eyeball. Direct compression of the
eyeball is prevented using suitable headrests or rigid helmets,
and their fixing on the bones need to be repeatedly checked
whilst in position. If the helmets themselves move, this may
cause direct compression of the eyeball [22]. The ““horseshoe”’
headrests can also contribute to ocular compression and CRAO
if they move [1]. Specific cushions equipped with a mirror
remain to be assessed. The use of headrests applied directly on
to the bone ensures that no ocular contact occurs and it is also
recommended. [21,23]. All people involved in the procedure
must ensure that no mechanical compression occurs.

R3.3 In long surgery with the patient in the ventral decubitus
position, it is probably recommended that a slight forward tilt
be preferred to the Trendelenburg position to reduce
intraocular pressure

(Expert opinion)

Discussion: The ventral decubitus position probably increa-
ses the risk of compression by increasing intraocular pressure.
This increase in ocular pressure is even greater when the
ventral decubitus position is combined with a Trendelenburg
position [24-28]. Risk increases if the position is accentuated
and maintained for a long period of time. A 10% forward tilt
helps reduce this risk [26,28]. According to current information
in the literature, it was not possible to identify other risk factors
for retinal injuries due to CRAO.
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Discussion: The optic nerve is more sensitive than the brain
to episodes of hypotension, anaemia or hypovolaemia. It has
been shown in various experimental combinations of hypo-
tension, euvolaemic anaemia or hypovolaemia in animals that
the optic nerve does not have the same degree of autoregula-
tion allowing it to adjust its blood flow to maintain oxygen
transport with similar effectiveness to the autoregulation of
cerebral blood flow [29]. In healthy volunteers, 2/10 of the
volunteers did not have sufficient autoregulation to adjust the
blood flow to the head of the optic nerve in response to
changes in perfusion pressure (variation in intraocular pres-
sure) [30]. The surgery causing this complication most fre-
quently is extensive spinal surgery. This frequently involves a
combination of the factors found traditionally, i.e. a context of
bleeding, prolonged hypotension, massive transfusion, exces-
sive crystalloid vascular filling and/or a low percentage of
colloids in filling solutions (causing tissue oedema and there-
fore raising tissue pressure in the optic nerve) and anaemia
[23,31-36]. This set of conditions contributes to ischaemia/
hypoxia of the optic nerve. This was present in 82% of cases in
the American Society of Anaesthesiology loss of vision regis-
ter. Many patients were in good health (ASA 1) but had at least
one vascular risk factor in 82% of cases (hypertension, diabe-
tes, coronary artery disease, cerebrovascular disease, dyslipi-
daemia and/or obesity). Subclinical microvascular damage
may therefore explain the large variation in interindividual
susceptibility, making this disease somewhat arbitrary and
apparently unpredictable. The clearly confirmed independent
risk factors, in the case of spinal surgery, were being a male,
obesity, use of a Wilson frame (abdominal compression), a
long procedure and a low percentage of colloid in the vascular
filling solutions [37]. Screening for at risk patients would
appear to be desirable if it enables the people at risk to be
targeted specifically. The confirmed patient-related risk factors
however are only obesity and male sex. Hypertension, smok-
ing and atheroma have only been suggested. These compli-
cations may occur with no apparent risk factors in more
straightforward surgery [38-40].

R3.4 In long haemorrhagic, spinal surgery, in order to prevent
AION it is probably recommended that hypotension, severe
anaemia and hypovolaemia be reduced particularly when
patients are at risk (obese, male, hypertensive and vascular
risk factors)

(Expert opinion)
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Appendix A. Tabulated summary-Prevention of corneal injuries in anaesthesia

Primary criterion: diagnosis of corneal injuries with the fluorescein tests.
Secondary criteria: conjunctival hyperaemia, pain, photophobia.

Study (references) Type of study Subject Primary objective/Hypothesis Number  Number of patients Level of Justification for Incidence of the event and result of the comparison
of studies evidence readjustment of the n (%) vs N (%), P
number of patients
Batra et al., Anesthesia  Randomised Corneal injury To assess the incidence of 1 100 patients without Il No numbers Corneal injury identified by fluorescein in 44% of
and analgesia controlled identified by the corneal injuries under occlusion calculation patients without eye protection and to 0% in
1977 fluorescein test GA/reduction in incidence 100 patients with eye patients with ocular eye protection (occlusion
by ocular protection using protection including with adhesive strips or Vaseline gauze). No P value
adhesive strips or Vaseline 75 with occlusion using calculated
gauze? adhesive strips and
25 with Vaseline gauze
Grover et al., Canadian ~ Randomised Corneal injury To compare the efficacy of 1 150 patients (i.e. 11 No numbers The overall incidence of corneal injuries was 10%
Journal controlled identified by the adhesives strips and 300 eyes) divided into calculation (30/300 eyes). This complication occurred in 90%
of Anaesthesia fluorescein test ointments for eye protection 3 groups each of 50: of case sin group C, 6.6% of cases in group S and
1998 under GA group C (control = no 3.3% of cases in group O. P value not calculated.
protection); group S Patient position also changed the incidence. The
(= adhesive strips; incidence of corneal injury when the patient was
group O = ointment) in the dorsal decubitus position was 9.7%
compared to 19.2% in the right lateral decubitus
position and 3.8% in the left lateral decubitus
position. In each case the affected eye was the eye
tilted laterally. P value not calculated
Ganidagli et al., Randomised Corneal injury To compare the efficacy of 1 200 patients divided Il No numbers The overall incidence of corneal injuries at H12
European Journal of controlled identified by the 4 ways of eye protection into 4 groups of calculation was 9% (18/200). There was no significant
Anaesthesiology Single blind fluorescein test under GA to prevent corneal 50 patients: group 1 difference between the 4 groups: Group 1= 10%;
2004 Conjunctival injury (hypoallergenic Group 2 = 8%; Group 3 = 12%; Group 4 = 6%
hyperaemia adhesive strips); group 2 No significant difference in size or the injury or
(paraffin-based intensity of fluorescein staining between the
ointment); group 3 4 groups
(viscous gel); group 4 The number of patients with conjunctival
(artificial tears with hyperaemia at H12 (16%) and at H24 (12%) was
methylcellulose) significantly greater in group 3 compared to the
other groups (P < 0.05)
More patients had visual disturbance in the post-
operative recovery room in group 4 (42%)
compared to the other groups (P < 0.05)
Photophobia was significantly more common in
group 2 (26%) compared to the other groups
(P<0.01)
Schmidt et al., Acta Randomised Corneal injury To compare the efficacy of 1 47 patients randomised Il No numbers The incidence of corneal injuries was 2.1% (n=1)
Ophtalmologica controlled identified by the a lubricant containing 4% to receive a 4% calculation in the whole population (n = 47) with a single case
1981 Double blind fluorescein test/Rose methylcellulose to a methylcellulose No statistical in group B

Bengal test
Conjunctival injuries

paraffin-based ointment for
eye protection under GA
for surgery < 90 min

lubricant into one eye
(group A) and the
paraffin-based ointment
into the other eye
(group B)

analysis

Overall, 66% (n =31) of the patients had subjective
complaints. The most common complaint was a
sensation of the eyelids being stuck to each other
(42.5%, n = 20). This complaint was reported in

75% of cases in patients in group A

Objective signs of conjunctivitis (redness, oedema
etc.) were present overall in 55.3% cases (26/47).
The most common sign was conjunctival “staining”
in 69% (n = 18). This occurred in 55.5% of cases in
group B compared to 28% in group A
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Appendix A (Continued )

Study (references) Type of study Subject Primary objective/Hypothesis ~Number = Number of patients Level of Justification for Incidence of the event and result of the comparison
of studies evidence readjustment of the n (%) vs N (%), P
number of patients
Orlin et al., Anesthesia Observational ~ Corneal injury To compare the efficacy 1 76 patients (152 eyes) 111 No numbers 1 patient with a minor conjunctival injury in the
and Analgesia identified by the of adhesive strip closure Each patient acting as calculation eye not receiving vaseline
1989 fluorescein test/Rose versus adhesive strip plus his/her own control No statistical No other injuries seen
Bengal test Vaseline analysis
Boggild-Madsen et al., Cohort study Conjunctival injury To compare an ointment 1 120 patients: 11 No numbers During halothane GA, the use of the M ointment
Canadian Anaesthetists’ Each patient (hyperaemia, containing methylcellulose 108 patients received calculation compared to the P ointment showed: a lower
Society journal acting as oedema) (M) and paraffin (P) for eye the M ointment into one No statistical incidence of conjunctival oedema (5.5% vs 52%, for
1981 his/her own Visual disturbance protection under GA when eye and the P ointment analysis M and P respectively); a lower incidence of
control halothane was or was not into the other eye; conjunctival hyperaemia (3.7% vs 22%, for M and P
used for periods of > 90 min 5 patients received the respectively); and less post-operative visual
M ointment into both disturbance (1.8% vs 11%, for M and P respectively)
eyes; 7 patients received No P value calculated
the P ointment into both
eyes
Siffring et al., Randomised Corneal injury To compare the efficacy of 1 127 patients divided Il No numbers No corneal injuries in the 4 groups.
Anesthesiology identified 4 ways of eye protection into 4 groups: group A calculation Visual disturbance present in 75% and 55% of
1987 by the fluorescein under GA to prevent a (artificial patients in group A and B respectively compared
test corneal injuries in surgery tears + adhesive strips); to 1 patient in group C and 0 in group D
and UV lamp lasting 30 to 180 minutes group B (lubricant No P value calculated
Visual disturbance ointment + adhesive
strips); group C
(methylcellulose
ointment + adhesive
strips); group D
(adhesive strips only)
Lavery et al., Prospective, Corneal injury To compare the efficacy of 1 2 periods: 1l No numbers calculation Incidence of corneal injuries significantly lower in
Eur Urol Suppl comparative identified an occlusion with a transparent Period 1, period 2 with the transparent bio-adhesive
2010 study over by the fluorescein bio-occlusive dressing to reduce n =214 patients with dressing: 0 (0%) vs 5 (2.3%), respectively for the
2 periods test the incidence of corneal injuries eye protection with periods 2 and 1, P < 0.001
under GA artificial Mean length of surgery 117 min vs 116 min
tears + adhesive strips (P=NS) for periods 1 and 2 respectively
Period 2,
n =814 patients with
eye protection using the
transparent bio-
occlusive dressing
Yu et al., Retrospective ~ Ocular Retrospective analysis of ocular 1 Retrospective record v Ocular complications in 17 patients i.e. 0.023%
Acta anaesthesiolgica study complications complications occurring in a from a database of including 10 corneal injuries
Taiwanica 2006-2008 cohort of patients undergoing anaesthetic Risk factors for ocular complications: patients
2010 surgery under GA and risk complications between undergoing surgery in the ventral position

factors (RF)

2006 and 2008
75,120 cases included

(OR =10.8; 95% confidence interval (CI) 2.4-48.8) or
lateral position (OR=7.1; 95% CI 1.2-43.2) or
undergoing head or neck surgery (OR =9.3; 95%

CI 2.3-38.0) with peroperative hypotension
(OR=8.7; 95% CI 2.4-31.8) or peroperative

anaemia (OR = 5.3; 95% CI 1.8-15.4). Duration of
anaesthesia was not an independent risk factor OR
per hour =0.9; 95% CI 0.8-1.7)
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Appendix A (Continued)

Study (references) Type of study Subject Primary objective/Hypothesis ~Number  Number of patients Level of Justification for Incidence of the event and result of the comparison
of studies evidence readjustment of the n (%) vs N (%), P
number of patients
Martin et al., Comparative Corneal injury To assess the incidence of 1 2 periods: 11 Significantly lower incidence of corneal lesions
Anesthesiology study over identified corneal injuries under Period 1 (6 months), after introducing the education programme: 1.51/
2009 2 periods by the fluorescein GA/identify risk factors identification of 1,000 vs 0.79/1,000 (P = 0,008)
test/Bengal rose test development of all Independent RF identified: longer duration of
corneal injuries and anaesthesia (OR = 1.2; CI95% 1.1-1.3 by 30 min);
email notification to the higher ASA classes (OR 0.5; CI95% 0.3-0.3 for ASA
anaesthetists involved 3-4 vs 1-2); management with an student nurse
in the patient’s care assistant anaesthetist (OR 2.6; 95% CI 1.3-5.0)
Period 2 (10 months),
awareness and training
programme for
anaesthetic teams on
factors which may
contribute to corneal
injuries and on the ways
of preventing these
In addition, case control
study to identify RF for
corneal injuries:
117 cases vs
234 controls
Tabulated summary-prevention of corneal injuries in anaesthesia (continued).
Quality assessment Number of patients  Effect Quality
Number of studies Type of study Plan of study Heterogeneity Indirect Imprecision Publication Procedure Control RR (95% Cl) WMD
data bias
Corneal injuries under general anaesthesia: prevention by
eyelid occlusion using adhesive strips alone
2 Randomised controlled High risk of bias  High No High No 125 150  50% reduction - Weak
Batra YK. Anesth & Analg 1977
Grover VK. Can | Anaesth 1998
Corneal injuries under general anaesthesia: prevention by
a training programme and a protocol
1 Prospective comparative over  High risk of bias  High No High No 113,162 84,796 53% reduction - Very weak
2 periods
Martin DP
Anesthesiology 2009
Tabulated summary-prevention of corneal injuries in intensive care.
Quality assessment Number of patients Effect Quality
Number of studies Type of study Plan of study Heterogeneity Indirect data Imprecision Publication bias Procedure Control RR WMD
(95% CI)
Corneal injuries in intensive care: prevention in at risk patients: moist chamber versus lubrication or drops
7 Meta-analyse High No No No 351 347 RR=0.27 - Moderate

Zhou Y. Cornea 2014
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