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Abstract

Purpose To ascertain factors associated

with anterior ischaemic optic neuropathy

(AION) following coronary artery

bypass graft (CABG) in a Lebanese

population.

Methods A retrospective chart review of

consecutive CABG performed over a 5-year

period (1995–1999) in one medical centre.

A comparison of clinical characteristics was

carried out between AION cases and subjects

free from AION. The variables analysed

included history of diabetes as well as

preoperative, intraoperative, or postoperative

values of haematocrit, blood sugar,

oxygen saturation, and arterial blood

pressure.

Results A total of 1594 persons were

included. Three subjects experienced acute

visual loss from AION following CABG, all

had diabetes mellitus, and two suffered

from severe postoperative anaemia.

Among diabetics (n¼ 484), the risk of

AION was significantly higher in subjects

with postoperative haematocrit falling

below 22 (28.6%) than the rest (0.21%)

(P¼ 0.001). Blood transfusion was given

in two subjects with prompt visual

recovery.

Conclusions Severe anaemia in patients

undergoing CABG appears to be a risk factor

for AION, especially in diabetics, and needs

prompt correction to prevent or reverse the

ischaemic ocular events.
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Introduction

Anterior ischaemic optic neuropathy (AION) is

a rare event with an incidence of around 0. 01%

in the general population.1 Although

uncommon, alterations in vision and blindness

after anaesthesia for major surgical procedures

are well documented, with an incidence varying

between 0.05 and 1%.2 Prior to the start of this

investigation, one of us (AMM) examined over a

period of 9 years six consecutive subjects with

AION after coronary artery bypass graft

(CABG), and all were diabetic. This prompted

us to examine variables that render diabetics

undergoing CABG prone for this complication.

In this paper, we report the clinical

characteristics of subjects with AION following

CABG performed over a 5-year period, and

compare them to subjects free from AION

during the same period, as well as to cases

reported in the literature.3–19 A better

understanding of the factors associated with

postoperative AION can aid in the development

of preventive and therapeutic measures.

Materials and methods

Excluding cases with combined valve disease or

reoperations, a thorough chart review of the

computer files of all CABG patients whose

records were electronically accessible in the

CABG Registry of the American University of

Beirut from 1995 to 1999 was conducted. The

patients’ names were kept anonymous and the

Ethics Committee approval was waived. Age,

gender, and systemic diseases including adult-

onset diabetes mellitus, systemic hypertension

(systolic above 150 mmHg or diastolic above

90 mmHg), and carotid artery disease were

recorded. We also extracted variables such as

preoperative, intraoperative, and (first 2 days)
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postoperative values of the following: haematocrit, blood

sugar, oxygen saturation, and arterial blood pressure.

Ocular and neurological exams (including carotid duplex

scan) were also retrieved. The review identified a total of

three cases of AION (Table 1). AION is hereby defined as

disc swelling associated with visual loss, visual field

defect, and absence of telangiectatic disc capillaries (seen

in diabetic papillopathy).

Under general anaesthesia, cardiopulmonary bypass

was initiated using a Bentley Univox membrane

oxygenator, Bentley arterial filter (40 mm), and Bentley

cardiotomy reservoir (18 mm) (Baxter Health Care,

Compton, UK). The patients were perfused with a roller

pump (Sarns 7000, Ann Arbor, MI, USA) at a flow rate of

2.4l min�1 m�2 using continuous nonpulsatile flow. The

circuit, including the membrane oxygenator, filter,

reservoir, and lines was not coated. Moderate systemic

hypothermia was induced to approximately 281C

measured by a venous temperature probe. A series of

activated clotting time was performed at baseline,

postheparin to insure an activated clotting time above

480 s, and postprotamine reversal. Arterial blood gases

were measured at baseline, after connecting the patient to

the respirator, and every 15 min during cardiopulmonary

bypass utilizing alpha-stat method. During

cardiopulmonary bypass, blood glucose levels were

maintained at less than 180 mg/dl and hematocrit

between 25 and 30%. During the first 48 h

postoperatively, blood pressure and oxygen saturation

were monitored continuously and recorded hourly, while

hematocrit was measured every 12 h.

Statistical analysis was conducted using Fisher’s exact

test, and a P-value o0.05 was considered significant.

Results

During the study period, 1594 white subjects with a

mean age of 60.9 years (SEM 0.26 years) underwent

CABG. In all, 49 subjects underwent emergency CABG,

while the rest underwent scheduled CABG (including

the three subjects with AION). The majority consisted of

males (81.4%). Systemic hypertension was present in 627

subjects (39.3%), and diabetes mellitus in 484 (30.4%)

(Table 1). Carotid duplex scan was performed in 45

subjects and was ‘positive’ (more than 70% stenosis) in 10

subjects. Intraoperative systolic blood pressure dipped

below 100 mmHg in 67 subjects (4.2%). Mean blood

pressure was 119.4 mmHg (0.4 mmHg) preoperatively,

Table 1 Comparison of the clinical parameters between the three AION cases with those free from AION among patients undergoing
CABG at the American University Hospital (1995–1999) (values between parentheses represent SEM)

Non-AION patients AION-1 AION-2 AION-3 Series of
AION cases

Number of subjects 1591 1 1 1 3
Sex (% male) 84.4% Male Male Female 66.7%
Mean age 60.9 (0.3) 70 69 51 63.3
Systemic hypertension 39.4% No No No 0%
Diabetes mellitus 30.2% Yes Yes Yes 100%
Preoperative blood pressure (mmHg) 119.4 (0.4) 110 130 110 116.7
Intraoperative blood pressure (mmHg) 91.9 (1.2) 100 105 95 100
Postoperative blood pressure (mmHg) 116.5 (0.8) 140 130 110 126.7
Lowest intraoperative systolic blood pressure
o100 mmHg

4.2% (median
duration¼ 15 min)

No No No 0%

Postoperative haematocrit 29.3 (0.1) 19 20 26 21.7
Intra- or postoperative haematocrit o22 1.4% Yes Yes No 66.7%
Preoperative oxygen saturation 94.7 (0.3) 97.8 99 93 96.6
Postoperative oxygen saturation 95.5 (0.2) 98.8 97 96 97.3
Operating time 197 min (0.7 min) 255 min 155 min 245 min 218 min
Aortic clamping time 40 min (0.4 min) 44 min 30 min 43 min 39 min
Bypass time 67 min (0.6 min) 68 min 47 min 73 min 62.7 min
Bilateral AION 0% No Yes No 33.3%
Initial postoperative best-corrected visual
acuity (median)

NA 6/12 OD CF OU 6/24 OD 6/60

Final postoperative best-corrected visual acuity
(median)

NA 6/7.5a OD 6/15 ODb 6/30
OSb

6/6 OD 6/15

Altitudinal visual field defect NA Yes Yes Yesc 66.7%

OD¼ right eye; OS¼ left eye; OU¼ both eyes; CF¼ counting fingers; NA¼not assessed.
aPrompt subjective visual improvement after transfusion of 4 U of packed cells.
bPrompt subjective visual improvement after transfusion of 5 U of packed cells.
cDiffuse depression of visual field besides an altitudinal defect.
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91.9 mmHg (1.2 mmHg) intraoperatively, and

116.5 mmHg (0.8 mmHg) 1 day postoperatively. Mean

haematocrit was 40.5 (0.1) preoperatively, 30.1 (0.1) on

the first postoperative day, and 29.3 (0.1) on the second

postoperative day. Haematocrit (intraoperatively and

first 2 days postoperatively) fell below 22 in 30 subjects,

seven of them having diabetes mellitus. Mean arterial

oxygen saturation was 94.7% (0.3%) preoperatively and

95.9% (0.2%) postoperatively. Total operating room time,

clamping of aorta duration, and bypass time were,

respectively, 3.28 h (0.7 min), 40 min (0.4 min), and 67 min

(0.6 min). Death occurred in seven subjects

intraoperatively or in the coronary care unit.

Ocular symptoms occurred in eight subjects. Visual

loss was the major complaint in seven subjects (0.4%) and

resulted from unilateral AION in two patients, or from

diabetic retinopathy, glaucoma, age-related macular

degeneration, retinal artery embolus, and negative eye

exam (transient visual blur of 24 h on the second day

after CABG in a nondiabetic subject with transient post-

CABG cerebral nervous system dysfunction) in one

patient each. Two subjects complained of visual field, one

having retinal artery embolus, and one having

homonymous haemianopia from bilateral AION (the

patient was severely bothered by the field defect and to a

much lesser degree by the visual loss). Ophthalmic

consultation was not required in 1575 subjects (98.8%).

Among AION subjects, the onset of visual symptoms

was 1–3 days after CABG. Visual fields revealed

altitudinal defects in all AION patients. Disc oedema

involved the right eye in two patients (both had afferent

pupillary defect), and both eyes in one patient. Two

patients received blood transfusion (4 or 5 U of packed

red blood cells) and reported subjective improvement of

vision within 24 h of the blood transfusion. Disc oedema

was observed to decrease gradually over a period of 5

days in both patients. There was resolution of disc

oedema and return of vision by the fifth day after

infusion in both subjects. In the bilateral AION, the right

eye improved from finger counting to 6/15 2 days after

transfusion, while the left eye improved from finger

counting to 6/30 5 days after transfusion. At 5 days after

blood transfusion in the unilateral AION, visual acuity

improved from 6/12 to 6/7.5 with resolution of the

afferent pupillary defect.

None of the three cases with AION suffered systemic

hypotension intraoperatively or postoperatively. All had

diabetes mellitus, and two suffered from severe

postoperative anaemia. Comparison of the three subjects

with AION (mean haematocrit 21.7) and the rest (1591

subjects) (mean haematocrit 29.3) highlighted the role of

anaemia among diabetics in the risk of occurrence of

AION. Among diabetics (n¼ 484), the risk of AION was

significantly higher in subjects with intraoperative or first

2 days postoperatively haematocrit falling below 22

(28.6%) than the rest (0.21%) (P¼ 0.001) (Table 2). Also,

the magnitude of the association between low

haematocrit and AION was stronger among diabetics

than the total study population (risk ratio 136 vs 104)

(Table 3).

Discussion

Findings of the present study underscore the role of

anaemia in the occurrence of AION among diabetic

patients undergoing CABG. As a result of increased

atherosclerosis in diabetes mellitus,20 a large percentage

of patients undergoing CABG are diabetic. Diabetics

have a higher perioperative mortality and morbidity

following CABG with twice the mortality of

nondiabetics, a greater number of sternotomy

complications, and a greater number of renal

insufficiency than nondiabetics.20

AION develops after a decrease in the oxygen supply

to the optic nerve head anterior to the lamina cribrosa, a

watershed area mainly supplied by the posterior ciliary

arteries. It is conceivable that interruption or decrease in

the vascular supply to the optic nerve head via

prolonged hypotension, severe anaemia, vasospasm, or a

combination thereof (precipitating event), can lead to

optic nerve ischaemia especially in the context of either a

systemic disease causing arteriosclerosis of small vessels

Table 2 Distribution of patients undergoing CABG (1995–1999) by haematocrit level and diabetes status (figures in parenthesis
represent row percentages within each stratum)

Haematocrit falling below 22 Diabetics Nondiabetics All subjects Total

AION present AION absent AION present AION absent AION present AION absent

Yes 2 (28.6%) 5 0 (0%) 23 2 (6.7%) 28 30
No 1 (0.21%) 476 0 (0%) 1087 1 (0.06%) 1563 1564
Total 3 481 0 1110 3 1591 1594
Risk ratioa 136 104
P-value (Fisher’s exact test) 0.001 0.001

aRisk ratio estimating the risk of AION associated with low haematocrit in each stratum.
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(diabetes mellitus) and/or local predisposing factor

(small disc, narrow scleral canal, small optic cup). It

could be argued that diabetics are more prone for post-

CABG AION because of small optic discs. However,

Konigsreuther and Jonas21 found similar disc

morphology in comparing diabetics and nondiabetic

subjects.

AION is multifactorial: small optic disc size,22 systemic

vascular disease, systemic hypotension including

nocturnal hypotension, anaemia,23 and a

hypercoagulable state. The three patients with AION in

the present study had a small optic disc, diabetes

mellitus, and significant postoperative blood loss.

Diabetes mellitus is generally accepted as a risk factor for

AION.24 Diabetics appear particularly susceptible for this

ischaemic event especially if the haematocrit drops below

22. In the present study, out of 30 subjects whose

haematocrit fell below 22, seven were diabetic, two of

whom (two out of seven or 29%) developed AION.

Therefore, diabetics with low haematocrit appear at a

high risk for AION. Prompt correction of anaemia led to

visual improvement in two out of two subjects who

received homologous blood transfusion. This is in

concordance with the literature showing visual

improvement following prompt correction of

hypotension or anaemia in AION patients.25,26

Table 3 reproduces findings from the literature on

reported ION cases (35 cases) and presents their clinical

characteristics in terms of presence of diabetes, mean

haematocrit, and visual acuity. The comparison between

the reported literature cases of AION (35 cases, Table 3)

with subjects without AION in our study (1591 subjects,

Table 2) provides further evidence for the role of anaemia

in AION, where mean haematocrit was lower in reported

AION case-series (21.7 vs 29.3) and the proportion of

subjects having postoperative haematocrit o22 was

much higher (60 vs 1.4%). Nuttall et al11 identified AION

cases after CABG with or without valve repair between

1976 and 1994 at the Mayo Clinic in Rochester, and

selected for each AION case two controls. The authors11

found postoperative anaemia to be significantly

associated with AION after CABG. In another study,15

prolonged cardiopulmonary bypass time, low

postoperative haematocrit, excessive perioperative body

weight gain, and use of epinephrine or amrinone were

also found to be associated with AION. Moster,10 Jaben,8

Brown,4 and Jarrell27 found postoperative anaemia to be

a predisposing cause for AION. Anaemia can

conceivably result in a reduction of oxygen-carrying

capacity and subsequent ischaemia in the watershed

zones. Pre-existent small vessel disease from diabetes

mellitus can predispose for ischaemia in the watershed

zones (posterior ciliary arteries) leading to AION via

decreased vascular perfusion and loss of autoregulation

(inability to increase perfusion in response to severe

anaemia).

AION can follow any major surgical procedure

specifically CABG and spine surgery. Prolonged surgery

Table 3 Literature review of 35 AION cases following isolated (without valve disease) on-pump CABG

Author Age (mean) Diabetes Haematocrit (mean7SD) Eye Final visual acuityFmedian

Alpert (three cases) 54 No 28.7 OD 6/9
54 No 27.4 OS 6/12
63 Yes 24.7 OU NM

Tice (three cases) NM NM o20 NM NM
Rizzo 46 Yes 26.0 OU NLP
Jaben (two cases) 56 No 23.4 OU 6/6 6/9

44 No 20.4 OS 6/9
Moster 70 Yes 20.4 OD 6/7.5
Brown (three cases) 68 Yes 18.0 OU 6/30 6/24

74 No 20.4 OD 6/7.5
81 No 18.4 OS 6/60

Lund 74 No 21.0 OS NLP
Shapira (five cases) (64) 25%þ (18.471.8) OU 3 NAa

OD 1
OS 1

Busch (two cases) 71 Yes 21.2 OU NLP HM
58 Yes 17.0 OU CF 6/30

Nuttall (14 cases) (65) 29%b (23.173.3)b OU 53%b CFb

Totalc (35 cases) (60) 34.4% (21.7) 50% OU 6/30

NM¼not mentioned; NA¼not assessed; OD¼ right eye; OS¼ left eye; OU¼both eyes; CF¼ counting fingers; HM¼hand motion; NLP¼no light

perception.
aInitial median visual acuity was hand motion.
bCases with valve defect were omitted from the series, and the values listed here represent the original percentage for the whole series.
cSome clinical variables were not available in some series.
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in the prone position28 is one risk factor for AION after

spine surgery. Katz et al29 described four cases of AION

after lumbar spine surgery and identified three risk

factors: prolonged intraoperative hypotension, severe

anaemia, and arteriosclerosis (diabetes). Visual loss was

often irreversible following AION after spine surgery,28

possibly because AION was not recognized early and

was not treated promptly26 Lee30 and Stevens et al26

found that early aggressive correction of anaemia and

systemic hypotension allowed reversal of ophthalmic

complications of spine surgery with visual recovery.

A large number of cardiothoracic surgeons use

aggressive haemodilution for CABG with a haematocrit

of 17–24% as ideal postoperatively.31 One argument for

haemodilution is the reduced viscosity resulting in

improved blood circulation.31 However, haemodilution

results in worse cognitive outcome from decreased

oxygen carrying capacity and relative hypoxia (a similar

mechanism happening in the optic nerve). Jonas31

considered the lowest acceptable haematocrit level in

adult CABG to be 25%, and we would propose a higher

level in diabetics (25–30%). The anaemia and relative

hypoxia aggravate tissue injury in multiple organ

systems and accelerate small vessel disease in diabetic

patients.32

AION in diabetics is easily differentiated from diabetic

papillopathy and from arteritic ischaemic optic

neuropathy.

The current study has several limitations: small size of

AION patients preventing further statistical analyses,

retrospective nature, and nonsystematic ocular

examination of the patients. Findings of the present

study suggest that altering the postoperative

management of severely anaemic diabetic subjects by

replacing blood loss can reverse some of the visual loss

from AION. It could be argued that part of the visual

recovery after blood transfusion is related to reversal of

systemic hypotension, yet the three AION patients did

not experience detectable systemic hypotension

postoperatively. Larger studies are needed to confirm

that AION in diabetics is a factor that promotes blood

transfusion. We did not place a cutoff for blood

transfusion after CABG, but suggest that reversal of

anaemia in AION is beneficial and prevention of severe

anaemia in diabetics may be a safe strategy to follow. We

recommend that anaemia therapy be included in the

current management of patients with diabetes mellitus32

and AION after CABG.
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