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Abstract

Purpose Ventilated patients in the intensive

care unit (ICU) often develop exposure

keratopathy. This predisposes to the

development of bacterial keratitis, which in

ICU is often bilateral, with a high risk of

perforation. As regular examinations of all

ventilated patients by ophthalmologists

would be impractical, the purpose of this

study was to assess whether ICU staff can

screen reliably for keratopathy.

Methods A prospective study was performed

in a general adult ICU. Twice each week, two

junior ICU doctors examined the lid position

and ocular surface of all patients who had

been continuously sedated for more than 24h,

using fluorescein and a pen torch with a blue

filter. An ophthalmologist performed similar

examinations using a portable slit lamp.

Results A total of 48 ocular examinations

were performed in 18 patients. Exposure

keratopathy was found by the

ophthalmologist in 37.5% of examinations and

by ICU doctors in 31.3% of examinations. ICU

doctors had a sensitivity of 77.8% and a

specificity of 96.7% in detecting keratopathy,

when compared with the findings of the

ophthalmologist. All cases missed by ICU

doctors had punctate erosions of less than 5%

of the corneal surface. Keratopathy was

significantly commoner in patients with

incomplete lid closure than in patients with

closed lids (70.0 vs 28.9%; two-tailed Fisher’s

exact test P¼ 0.027).

Conclusions ICU staff can perform screening

examinations for exposure keratopathy with

reasonable sensitivity and specificity. Regular

screening by ICU staff would facilitate

appropriate treatment of exposure keratopathy

and promote earlier identification of cases of

keratitis.
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Introduction

Patients in the intensive care unit (ICU),

especially ventilated patients, are at

considerable risk of developing ocular surface

disease. Sedation and muscle paralysis cause

impaired blink reflexes and loss of eyelid

muscle tone, while fluid imbalance and positive

pressure ventilation may lead to chemosis.

These factors often result in incomplete lid

closure and consequent exposure keratopathy.1–4

Whereas a conscious patient with intact corneal

sensation will experience and report symptoms

from even minor corneal damage, corneal

disease may go unrecognised in comatose-

ventilated patients until it reaches an advanced

stage.

Ventilated patients are at particularly high

risk of developing bacterial keratitis, especially

with Pseudomonas aeruginosa. Pseudomonas is a

common pathogen in the intensive care unit,

colonising the airways of up to 30% of

ventilated patients.5,6 From here it may readily

contaminate the ocular surface, for example

when dispersed by routine suction of the

airway.7 While Pseudomonas is unlikely to

penetrate healthy corneal epithelium, it can

invade the stroma via an abrasion within

minutes of contact.8–10 The release of proteolytic

enzymes and toxins and the associated immune

response result in the development of an ulcer,

which may rapidly progress to corneal

perforation.11

There have been no large studies of bacterial

keratitis in ICU. A literature review revealed

reports of 22 patients who developed bacterial

keratitis in intensive care, which in seven

patients was bilateral.3,7,12–15 Pseudomonas

was the infectious agent in 20 of the 22 cases.

Six patients died, and of the remaining 16, 11
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suffered perforation requiring penetrating keratoplasty.

In the largest series, the mean visual acuity of six

surviving patients at discharge was 6/60.12

Although there is likely to be a significant reporting

bias in favour of more severe cases among published case

reports, it remains striking that so many of these cases

were bilateral, with substantially worse outcomes than

would be expected in an outpatient setting. A

disproportionately large number were due to

Pseudomonas, which is responsible for 24.8% of cases of

bacterial keratitis in the general population.16 A key

factor determining the prognosis may be lack of

recognition of the risk of keratitis by ICU staff; failure to

regularly examine the eyes of ventilated patients means

that problems may not be detected until they reach an

advanced stage.

Several of the authors of these case reports propose

that exposure keratopathy is a key factor in the

development of bacterial keratitis. Various small

prospective studies have investigated the prevalence of

corneal epithelial defects in the ICU. A study of 33

ventilated patients by Hernandez and Mannis17 found a

55% rate of corneal erosions. A prospective study by

Merceica et al1 found an erosion rate of 42% in 26

patients; erosion was strongly associated with

incomplete lid closure and deep sedation.

Various measures have been advocated to protect the

eyes of ventilated patients, including regular instillation

of topical lubricants or antibiotics, the creation of

‘moisture chambers’ to prevent tear evaporation using

polyethylene film or polyacrylamide gel, and ensuring

eyelid closure using either passive lid closure or

tape.2,3,18–22 A systematic review identified only three

small randomised controlled trials comparing eye care

interventions in intensive care. No significant difference

was found between polyethylene covers and lacrilube

ointment in prevention of keratopathy, but polyethylene

covers were found to be superior to methylcellulose

drops. Duratears ointment was superior to passive eyelid

closure.22

Mercieca et al performed a second study after the

implementation of an eye care protocol based on regular

use of ocular lubricants, and taping of incompletely

closed eyes. The latter study found a substantially

reduced corneal erosion rate of only 8.7% in 23 patients

in whom the protocol had been correctly applied.2

Imanaka et al23 retrospectively reviewed medical notes

and found that 3.5% of ventilated patients had

documented corneal erosions, while a prospective study

of 15 patients by the same authors found a corneal

erosion rate of 60%. This discrepancy highlights how

rarely keratopathy is detected unless ocular

examinations are specifically performed to look for it.

Routine examination by an ophthalmologist for every

patient who was ventilated on the intensive care unit

would be impractical. We therefore conducted a study to

determine if intensive care staff without previous

ophthalmic experience would be able to reliably screen

for ocular surface disease in ventilated patients, using

fluorescein and a pen torch with a cobalt blue filter.

Materials and methods

A prospective study was conducted in an 11-bed general

adult ICU. Twice each week, every patient who had been

ventilated and sedated continuously for more than 24 h

had an ocular assessment by one of two junior ICU

doctors with no previous experience in ophthalmology

(JM, PA). A record was made of lid position, and the

severity of conjunctival redness, chemosis, and

discharge. The corneal epithelial surface was assessed

with fluorescein and a pen torch with a cobalt blue filter.

The presence of punctate or geographic erosions was

noted, along with an estimate of the percentage of

corneal area involved. All patients were examined within

4 h by the ophthalmologist (AK) who performed a similar

assessment using a � 16 magnification portable slit lamp.

A record was made of age and sex, and an APACHE II

score (an internationally recognised grading of severity

of illness in critical care) was calculated for each patient

at the time of assessment. Ventilator settings and central

venous pressure were noted. The outcome of each

patient’s admission to ICU (death or discharge to a ward)

was recorded retrospectively.

Table 1 Comparison of examination findings by ICU doctors and ophthalmologist

ICU doctor Ophthalmologist Sensitivity Specificity w2 comparison of ICU doctor
and ophthalmologist

Number of eyes with incomplete
lid closure

11 (22.9%) 10 (20.8%) 90.0% 94.7% w2¼ 0.06 (Po1.00)

Number of eyes with chemosis 18 (37.5%) 8 (16.7%) 75.0% 70.0% w2¼ 5.27 (Po0.025)
Number of eyes with redness 2 (4.2%) 0 (0%) NA NA NA
Number of eyes with discharge 9 (18.8%) 4 (8.3%) 100.0% 87.5% w2¼ 2.22 (Po0.20)
Number of eyes with corneal
erosions

15 (31.3%) 18 (37.5%) 77.8% 96.7% w2¼ 0.41 (Po1.00)
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We certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this research.

Approval was granted by the Local Research Ethics

Committee (reference 03.0116).

Results

Eighteen patients were examined. Four patients with

prolonged stays in the ICU were examined twice and one

patient three times. The findings for each eye were

recorded separately, making a total of 48 ocular

assessments. The mean age of patients was 57 years

(range 21–80). Thirteen patients were male and five were

female. Each patient had been sedated and ventilated for

an average of 6 days at the time of ocular assessment.

Three patients died in ICU and 15 were discharged to a

ward.

The findings of examinations by ICU doctors and the

ophthalmologist are summarised in Table 1. No ocular

lubrication, taping, or polyethylene eye covers had been

used for any of the patients. Similar rates of incomplete

eye closure were found by both the ophthalmologist and

ICU doctors (20.8 and 22.9% of eyes, respectively).

Compared with the findings of the ophthalmologist,

assessment of lid position by ICU doctors had a

sensitivity of 90.0% and a specificity of 94.8% in detecting

incomplete closure. ICU doctors recorded higher rates of

chemosis, redness, and discharge than the

ophthalmologist.

The ophthalmologist detected a higher rate of corneal

erosions (37.5%) than the ICU doctors (31.3%).

Examination for erosions by the ICU doctors had a

sensitivity of 77.8% and a specificity of 96.7%, when

compared to examination by the ophthalmologist.

Eyes found by the ophthalmologist to have incomplete

lid closure had a much higher rate of keratopathy than

eyes with closed lids (70.0 vs 28.9%; two-tailed Fisher’s

exact test P¼ 0.027). There was no statistically significant

association between the degree of keratopathy and age,

sex, length of stay in ITU, APACHE score, ventilator

settings, central venous pressure, degree of chemosis,

redness, discharge, or mortality. No cases of bacterial

keratitis occurred during the study.

Discussion

This study demonstrates that intensive care staff using

fluorescein and a pen torch with a blue filter can assess

eyes for incomplete lid closure and exposure keratopathy

with reasonable sensitivity and specificity. Exposure

keratopathy was identified in 37.5% of patients, a lower

rate than in most previously published studies.1,17,23

Of those patients in whom corneal staining was missed

by ICU doctors, none were found by the ophthalmologist

to have geographic staining, and none had punctuate

staining of more than 5% of the corneal surface; the eyes

most severely affected by exposure keratopathy are thus

least likely to be missed during a screening examination.

We suggest that ocular screening examinations by

intensive care staff fulfil the criteria for a viable screening

programme described by Wilson and Junger, being

cheap, safe, acceptable, and reasonably sensitive and

specific in identifying corneal disease.24 In terms of the

specific requirements of a screening programme, we

suggest the corneal epithelial defects can be regarded as a

preclinical stage in the development of bacterial keratitis,

which in ventilated patients carries a poor prognosis.

Abnormal findings can be readily corroborated by an

ophthalmologist. Exposure keratopathy is readily

treatable with ocular lubricants and eyelid closure, while

the benefits of earlier treatment of cases of bacterial

keratitis are well established.2,25

We advocate regular screening examinations by ICU

doctors or nurses using fluorescein and a pen torch with

a blue filter to identify patients with exposure

keratopathy. Patients with exposure keratopathy can be

treated by ICU staff and/or referred for assessment by

ophthalmologists on the basis of locally agreed protocols.

Once established, this practice would also help to

identify any cases of bacterial keratitis at an early stage,

allowing urgent assessment and treatment by

ophthalmologists.

Although critically ill, admission of a patient to the

ICU is undertaken on the basis that they have a

significant chance of surviving with a reasonable quality

of life following discharge. If bacterial keratitis develops

in one or both eyes during their stay in ICU, the resulting

loss of vision, or need for corneal graft surgery, may for

some patients be the greatest consequence of their period

of illness. We suggest that in many such cases ocular

morbidity might be prevented or minimised by regular

screening by ICU staff to allow recognition and treatment

of problems at an early stage.
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