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Perioperative visual loss: what do we know, what can we do?
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Perioperative visual loss (POVL), a rare, but devastating complication, can follow non-ocular

surgery. Highest rates of visual loss are with cardiac and spine surgery. The main causes of
visual loss after non-ocular surgery are retinal vascular occlusion and ischaemic optic neuropa-
thy. This review updates readers on the incidence, suspected risk factors, diagnosis, and treat-

ment of POVL due to these conditions.
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Visual loss after anaesthesia and surgery is a rare, unex-
pected, and devastating complication. Clinicians have sus-
pected that incidence is increasing, particularly with spinal
fusion surgery; however, recent data suggest that this may
not be the case. This review will update readers on the
incidence, suspected risk factors, diagnosis, and treatment
of perioperative visual loss (POVL), in the setting of
non-ocular surgery. The causes of POVL are primarily
retinal vascular occlusion (RVO) and ischaemic optic neu-
ropathy (ION). The relevant anatomy of the ocular circula-
tion has been reviewed elsewhere and is summarized in
Figure 1.%° Other sources are glycine toxicity during trans-
urethral resection of the prostate, acute angle closure glau-
coma, cortical blindness, and expansion of an intraocular
sulphur hexafluoride vitrectomy bubble by administration
of nitrous oxide. As these are less common, the reader is
referred for details to a recent more inclusive review.*

Occurrence of POVL

Perioperative ION is rare, occurring, overall, in ~1/
60 000—1/125 000 anaesthetics.®* °7 But most reports in
the literature are case reports and small case series.
Recently, Shen and colleagues examined the POVL preva-
lence in the US Nationwide Inpatient Sample (NIS) in the
eight most commonly performed surgical procedures,
excluding obstetrics and gynaecological surgery, the
largest patient population studied to date. The highest fre-
quencies were: spine (3.09 per 10 000, 0.03%) and cardiac
surgery (8.64 per 10 000, 0.086%). In contrast, it was 0.12
per 10 000 after appendectomy. The yearly rates of POVL
in the procedures studied by Shen and colleagues® have

been decreasing in the 10-yr period from 1996 to 2005.
Patil and colleagues’* found an overall rate of 0.094% in
spine surgery discharges in the NIS. In a previous, smaller
case series, Stevens and colleagues93 found four ION
cases in 3450 spine surgeries (0.1%), and two cases in
3300 patients after spine surgery were reported at another
hospital (0.06%).®' Chang and Miller'® reviewed 14 102
spine surgery procedures in one hospital, identifying
four ION cases (0.028%). After cardiac surgery, incidence
was estimated as high as 1.3% in one study,®® but 0.06%
and 0.113% in two more recent larger retrospective
studies.>* "

Types of POVL

Retinal ischaemia: branch and central retinal artery
occlusion

Central retinal artery occlusion (CRAO) decreases blood
supply to the entire retina, whereas branch retinal arterial
occlusion (BRAO) affects a portion. These most commonly
result in the perioperative period from improper patient
positioning and external compression of the eye. Pressure
within the orbit can also be increased internally after retro-
bulbar haemorrhage, associated with vascular injuries
during sinus or nasal surgery. Retinal microemboli,
common during open-heart surgery, constitute another
potential cause.'® ' Hypotension seems to be a rare cause
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Fig 1 Origin, course, and branches of the ophthalmic artery, including
the posterior ciliary arteries, seen from above. Ant. sup. hyp. art., anterior
superior hypophyseal artery; CAR, central retinal artery; Col. Br.,
collateral branches; CZ, circle of Zinn and Haller; ICA, internal carotid
artery; LPCA, lateral posterior ciliary artery; MPCA, medial posterior
ciliary artery; OA, ophthalmic artery; Rec. br., recurring branches. Figure
reproduced with permission from Hayreh SS. ‘The central artery of the
retina. Its role in the blood supply of the optic nerve.” Br J Ophthalmol
1963; 47: 651-63 (later reproduced in Pillanut and colleagues’”).

of retinal ischaemia; the incidence was three cases in
27 930 deliberate hypotensive anaesthetic procedures.®®

Central retinal artery occlusion

Improper head positioning or its unintended movement
when on a horseshoe headrest is a hazard that can place
the eye in contact with the headrest. In a review of pub-
lished cases of CRAO after spine surgery, Kumar and col-
leagues®’ described signs and symptoms that included
unilateral vision loss; no light perception; afferent pupil
defect; periorbital, eyelid oedema, or both; chemosis;
proptosis; ptosis; paraesthesias of the supraorbital region;
hazy/cloudy cornea; and corneal abrasion. Loss of eye
movements, ecchymosis, or other trauma near the eye was
also reported. Most did not have imaging studies, but early
orbital computed tomography (CT) or magnetic resonance
imaging (MRI) showed proptosis and extraocular muscle
swelling in some patients.’’ Macular/retinal oedema,
cherry red spot, or attenuated retinal vessels were typical.
Four patients in another report who sustained external
compression had retinal pigmentary alterations, suggesting
simultaneous choroidal circulatory ischaemia.

Hollenhorst and colleagues replicated human findings in
monkeys by elevating intraocular pressure (IOP) to 200
mm Hg for 60 min together with hypotension. Monkey
eyes demonstrated retinal oedema and dilated vascular
channels, followed 4 months later by retinal structural
damage and optic nerve axonal loss due to retrograde
degeneration after death of retinal ganglion cells.*’ Bui and
colleagues'® documented that during acute increases in
IOP in the rat, changes in visual function assessed by elec-
troretinography progressed from inner to outer retina (i.e.
retinal ganglion cells) were the most sensitive. In monkeys,
Hayreh and Weingast** found that irreversible retinal
damage followed ~100 min of ischaemia. However, these
studies surgically occluded the central retinal artery; RAO
caused by external compression and increased IOP may
produce a greater degree of ischaemia and correspondingly
shorter retinal survival times. In rodents, when the retinal
artery was occluded by increasing IOP, periods of retinal
ischaemia as short as 20 min have produced damage.’®
Mechanisms of injury with increased IOP from external
compression are summarized in Figure 2.

Correct use of modern head-positioning devices such as
square or circular foam headrests with cutouts for the eyes
and also a mirror to view the eyes (i.e. Prone View,
Dupaco, Inc., Oceanside, CA, USA) should prevent com-
pression. But, unilateral RAO was described in a prone-
positioned patient with his head in a square foam headrest
and goggles covering the eyes. The goggles apparently
moved and compressed one eye.®

Ischaemic ocular compartment syndrome, more typi-
cally found with retrobulbar haemorrhage after nasal sinus
surgery,”® *” was reported in a patient undergoing spine
surgery in the prone position, believed to be related to
positioning with direct pressure on the eye.®” It is an acute
ophthalmological emergency, requiring prompt decom-
pression to relieve the increased IOP. The patient’s head
had been positioned on a silicone headrest for 8 h during
which he received only 1 litre of crystalloids. After oper-
ation, he had unilateral ocular pain, no light perception in
the eye, facial oedema, 4 mm left proptosis, and a tight
orbit. There was corneal oedema with a large abrasion,
mid-dilated and fixed pupil, advanced cataract, pale optic
nerve, retinal haemorrhages, and loss of eye movements.
This syndrome is not the same as ION after spine surgery
but may be similar to early descriptions of ocular com-
pression by Hollenhorst and colleagues.*” CRAO has also
been reported after neck and nasal/sinus surgery.”” BRAO
has resulted from direct injection into the local arterial cir-
culation of various drugs into the head and neck region.'®

Branch retinal artery occlusion

BRAO is mainly due to emboli or vasospasm. Retinal flu-
orescein angiography reveals microemboli during cardio-
pulmonary bypass. In animal studies, mechanisms include
non-perfusion, vascular leakage and spasm, red blood cell
sludging, and haemorrhage, blocked by perfluorocarbon
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Retinal vascular occlusion: mechanisms
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Fig 2 Mechanisms of retinal ischaemia. Modified with permission from Roth.%°

priming.*® BRAO usually leads to permanent partial visual
field loss.

Prognosis and treatment

Prognosis is poor and treatment is generally inadequate.
There are some treatment strategies that can be attempted.
Ocular massage can lower IOP and possibly dislodge an
embolus, if present, to more peripheral arterial branches,
and can be instituted by the anaesthesiologist.'® I.V. acet-
azolamide can be administered to increase retinal blood
flow, and 5% CO, in oxygen inhaled to enhance dilation
and increase O, delivery.” A preliminary study showed
that fibrinolysis via the ophthalmic artery within 6—8 h
after spontaneous CRAO was associated with improved
visual outcome. An ongoing multicentre study is testing
efficacy.® Localized application of hypothermia to the
affected eye is a simple technique that decreased injury in
animal studies after ischaemia,29 and it is probably reason-
able to institute in humans because of minimal risk.

Prevention

In patients positioned prone for surgery, a foam headrest
should be used. Placing head in pins is an obviously more
invasive technique. Ensure that eyes are properly posi-
tioned and checked intermittently by palpation or visual-
ization. Of course, documentation on the record of eye
checks will assist in verifying that anaesthesia personnel
followed correct procedures should an issue arise. For cer-
vical spine surgery with the patient in prone position, the
horseshoe headrest should not be used because of the
greater risk of head movement caused by the surgeon,
with compression of the eye.

No data from human studies established the exact fre-
quency of eye checks when patient is prone. On the basis
of results in rodent models of elevated IOP, it is advisable
to examine eyes for position change and absence of
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external compression at least every 20 min. For most pro-
cedures in which the patient is prone, it is reasonable to
use any of the commercially available square foam head-
rests. It is not advisable to cover the eyes with goggles
when the head is positioned prone in a square foam head-
rest. With a transparent surgical table head piece, a mirror
can enable indirect viewing of the eyes. A foam headrest
with a mirror attachment allows eyes to be viewed easily
during surgery.

Ischaemic optic neuropathy

ION has been reported after a wide variety of surgical pro-
cedures, mostly in adults, less often in children,> with
most cases after cardiothoracic surgery,”’ °° instrumented
spinal fusion operations,?® *® 61 0 70 head and neck
surgery,”® ®” and nose or sinus surgery.'” ®* However, a
recent study using the NIS found that patients <18 yr of
age had the highest risk of POVL, which appears to be
mostly due to higher risk of cortical blindness.** The
reasons for this disconcerting finding are not clear. There
are also reports concerning vascular surgery, general
surgery and urology operations, Caesarean section and
gynaecologic surgery, and liposuction,'? 22 39 66 97 98 102
Lack of controlled studies, absence of an animal model,
and poorly defined pathology and risk factors limit our
understanding. Specific mechanism and location of the
vascular insult remain uncertain.’ A rodent model for
anterior ION (AION) has been described; its relevance to
perioperative ION is not known.” Most knowledge is from
individual case reports and case collections; the largest
and best described single series is the ASA Postoperative
Visual Loss Registry.61 There has been one case—control
study in spine surgery patients,’® two in cardiac surgery,’* %
and one that included patients undergoing a variety of
surgical procedures. A summary of individual case reports
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from 1968 to 2002 is available elsewhere.*® Case series and
reviews have been published involving all types of
surgery,” % and case—control studies®® in spine surgery
(case series;” *® ! case—control study’®), cardiac surgery

. 52 2 . . 24
(case series; case—control7 88), and in trauma patients.

Patient characteristics

Most cases occurring after spine surgery are posterior [ON
(PION) and usually bilateral.*® ©' ! AION has been more
frequently reported after cardiac surgery. Visual loss was
typically within the first 24—48 h, frequently noted when
the patient awoke after surgery. Later onset has been
described, particularly in sedated patients who remained
mechanically ventilated after operation.*® ®' % There is
usually painless visual loss, afferent pupil defect or non-
reactive pupil, no light perception, or visual field deficit.
Colour vision is decreased or absent. In AION, altitudinal
visual field deficit may be present. AION typically has
optic disc oedema and haemorrhages upon symptom
onset; in PION, the optic disc appears normal despite
visual loss. Optic atrophy develops over subsequent weeks
to months. MRI frequently shows no abnormalities,”®
although some reports described nerve enlargement or
perineural enhancement suggestive of oedema.”® Visual
evoked potentials are abnormal.®!

Possible pathogenic factors

Possible factors are: prone positioning, lengthy spinal
fusion surgery, decreased arterial pressure, blood loss,
anaemia or haemodilution, change in venous haemody-
namics, cerebrospinal fluid flow in the optic nerve (includ-
ing effects of patient positioning and perioperative fluid
resuscitation), abnormal optic nerve blood flow autoregula-
tion, optic nerve blood supply anatomic variation, low
cup-to-disc ratio, use of vasopressors, systemic vascular
risk factors including hypertension, diabetes, atherosclero-
sis, hyperlipidaemia, smoking, sleep-apnoea syndrome,
and hypercoaguability.'* 37 ¢7 8 191 Ope or more risk
factors are often present in a patient in an unpredictable
fashion, with some degree of hypotension or anaemia and
fluid resuscitation. Many patients with ION after spine
surgery have been relatively healthy before operation.
Hypotension, blood loss, lengthy surgery, and large
amounts of fluid administration seem to occur frequently
in many patients undergoing complex spine surgery.'* 2% 4%
70 86 pogsibly, combinations of these factors, perhaps
together with abnormal autoregulation in the posterior
optic nerve, prothrombotic tendencies, and other patient-
specific factors, lead to decreased oxygen delivery to the
optic nerve sufficient to cause ischaemic injury. Possible
roles of most of these factors will be discussed below.

Prone positioning
IOP increased in prone position and was influenced by
operating table position (head up or down). But correlation

between perioperative IOP and visual outcome or visual
function changes has not been reported.”' ”* In anaesthe-
tized patients, IOP increased on initial prone positioning
relative to supine [27 (2) vs 13 (1) mm Hg].21 After 5 h,
IOP remained elevated to 40 (2) mm Hg. Time-dependent
IOP increase has also been reported in laparoscopic
radical prostatectomy with patients in steep head down
position (case reports of ION have recently appeared con-
cerning this surgery as well).’ % Although these data
suggest that ocular perfusion pressure might decline even
during normotension, results should be considered in the
context that the largest IOP increases were near the time
patients were awakening. Moreover, there was no supine
group to control for the effects of fluid administration.
These results are valuable and they are concerning, but
further studies are needed to fully evaluate their signifi-
cance. It is advisable to position a patient’s head level or
above the heart, where possible, and in a neutral position
during spine surgery performed with the patient in the
prone position.

External pressure on the eye

Many cases of ION have been reported in which it was
impossible for pressure to have been placed on the eye,
including with the head in pin head holders®® *° or where
the head was turned and the affected eye upward.®?
Although we showed that high IOP decreased retinal and
choroidal blood flows in cats,* Geijer and Bill* specifi-
cally measured the impact of graded IOP increases on
blood flow in the retina and optic nerve in monkeys. When
IOP increased but calculated perfusion pressure was >40
cm H,O, there were small effects upon retinal blood flow
and in the prelaminar optic nerve. But with calculated per-
fusion pressure <40 cm H,O, retinal and prelaminar flows
were proportional to the perfusion pressure. At very high
IOP, blood flow stopped in the retina and in the prelaminar
area, but flow in the retrolaminar region increased. Results
indicate that high IOP redistributes blood flow preferen-
tially to the retrolaminar optic nerve. Therefore, increased
IOP would not result in ION without also causing retinal
damage. Further support is that sustained increases in IOP
significantly decreased both retinal and choroidal blood
flows, and even small increases in IOP damaged the
retinal ganglion cells, which are sensitive to pressure
alterations.'? %3

Length of surgery and hypotension

Surgery was longer in patients with postoperative blind-
ness after spine surgery vs unaffected patients.* 7°
Intraoperative hypotension is not always present in patients
with ION, and because some degree of hypotension fre-
quently occurs in anaesthetized patients, hypotension itself
might not be responsible’ 2° > ® but is mentioned in case
reports.'> 3 Hypotension may play a role either because of
anatomic circulatory variation or abnormal autoregulation
and an inability to adequately compensate for decreased
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perfusion pressure. There is a lack of data in the literature
to quantify what level of hypotension is potentially
dangerous.4

In a survey of 24 cases of CRAO and ION after spine
surgery, deliberate hypotension was used in only two.?’ In
a retrospective case—control study of patients undergoing
spinal fusion, levels of hypotension and anaemia were
equivalent in patients who developed ION after spinal
surgery compared with those who did not.”® Holy and col-
leagues™ showed similar results in a mixed patient popu-
lation in a large single-institution study. ION patients in
the ASA Postoperative Visual Loss Registry, the largest
series after spine surgery, showed wide variation in arterial
pressure decreases intraoperatively; lowest systolic arterial
pressures were >90 mm Hg in 33% of the patients,
whereas in 20%, lowest systolic arterial pressures were
<80 mm Hg. About 57% of the patients had systolic or
mean arterial pressure 20—39% below baseline, and 40—
49% below preoperative baseline in 25% of the patients.
Deliberate hypotension was used in 27%.°" Patil and col-
leagues’* reported a higher odds ratio for visual loss in
spine surgery patients with a discharge code for ‘hypoten-
sion’ using administrative data from the NIS. However,
NIS data do not reveal the level of hypotension, nor
its timing, that is, whether it was present intraoperatively
or after operation. Important considerations and limitations
when using these types of databases are discussed
elsewhere.®®

In a retrospective single-institution case—control study
of 602 open-heart surgery patients over 2 yr, lowest sys-
temic perfusion pressure intraoperatively was no different
between affected and normal patients.*® A more recent
series by Holy and colleagues™® showed similar results,
but their series included other surgical procedures which
complicates interpretation of the specific results with
cardiac surgery. Nuttall and colleagues72 in a case—control
study did not report arterial pressures during cardiopul-
monary bypass. There were no differences in pre- or post-
bypass arterial pressures between patients with ION and
unaffected patients. In open-heart surgery, other factors
such as hypothermia and systemic inflammatory response
syndrome may be involved in ION, but these mechanisms
have not been studied.

Blood loss

With uncontrolled haemorrhage where blood volume is
not maintained, decreased oxygen delivery to the optic
nerve could result in either AION or PION.** Just how
low or for how long the haemoglobin concentration must
decrease to lead to this complication is not known. Myers
and colleagues’ study reported higher intraoperative blood
loss in patients with visual loss after spine surgery com-
pared with those without. They determined that lowest
levels of haematocrit did not differ between patients with
ION and those unaffected.”” A similar result has been
reported by Holy and colleagues.”® Nuttall and
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colleagues’” found a somewhat different result in cardiac
surgery. Lower minimum postoperative haemoglobin
associated weakly with ION (odds ratio, 1.9; P<<0.047).
Also, 13 of the 17 patients with ION had minimum post-
operative haemoglobin <8.5 g dl™' compared with 14 of
the 34 controls. The type of ION was not specified, and
the sample size was small with numerous statistical com-
parisons. Spine and open-heart surgery procedures and
patients differ, so that it is doubtful that the results can be
extended to surgery other than cardiac. Some authors have
suggested that allowing haemoglobin to decrease, common
in anaesthesia practice, may be putting patients at
increased risk;'? '°' however, whether practice should
be changed in surgical procedures such as spine or
heart surgery—or in any operative procedure—remains
controversial. Perioperative blood transfusion practice,
based on ASA practice guidelines,” suggests that transfu-
sion is not generally required for haemoglobin values
>8.0 g dI”'. The Society of Thoracic Surgeons and the
Society of Cardiovascular Anesthesiologists, after review-
ing the available evidence base for these practices in
cardiac surgery, have issued a recent, similar clinical
practice guideline.’> POVL is not mentioned in either
guideline.

Haemodilution

Haemodilution is commonly present in surgical patients
due to current transfusion practices.” There have been
studies of its impact upon the optic nerve in animals.
Blood flow in the optic nerve head in minipigs, measured
by laser Doppler, was maintained with isovolumic haemo-
dilution (30% decrease in haematocrit). Vitreal surface
oxygen tension increased 15%.'® Haemodilution in cats
caused a non-significant decrease in choroidal oxygen
delivery’® and an increase in pre-retinal oxygen tension.”"
However, simultaneously decreasing haematocrit to 17%
and mean arterial pressure to 50-55 mm Hg profoundly
decreased calculated O, delivery to the entire optic nerve
in adult pigs.”® These results are disconcerting and suggest
the need for caution with extreme haemodilution and
hypotension in patients, but the study did not assess func-
tion in the optic nerve or retina, did not measure regional
optic nerve blood flow, and did not describe anatomical
findings. The pig might not be an optimal model because
the blood supply to the optic nerve is from the external
carotid artery.

There are no clinical studies examining the optic nerve,
but in healthy volunteers very deep levels of haemodilu-
tion (haemoglobin, 50 g litre™') were tolerated without
any disturbance in systemic O, delivery,'” and in a
multicentre  prospective  study, allowing a lower
haematocrit in critically ill patients did not worsen out-
comes.* It is not known whether any of these results can
be extended to patients undergoing surgery such as spine
surgery.
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Fluid replacement

ION has been reported in the setting of massive fluid
replacement, and many reports include patients operated
upon in the prone position, raising the possibility that posi-
tioning contributes to altered venous haemodynamics
within the optic nerve. Trauma patients with visual loss
after massive blood replacement have been reported.”*
Analysis is complicated because of numerous systemic
alterations. Four burn patients with >25% body surface
area burns and massive fluid resuscitation had IOP >30
mm Hg 48 h after admission, all of whom received >27
litre of i.v. fluid. Eye findings and vision diagnoses were
not described.”* Large fluid replacement is generally seen
in many case reports of ION.*® Patients in the ASA
Postoperative Visual Loss Registry received an average of
9.7 litre of crystalloid intraoperatively,®’ and increased
postoperative weight gain was identified in a case—control
study of visual loss after heart surgery,®® suggesting,
although not proving, that fluid replacement might play
a role.

Fluid resuscitation is necessary during lengthy, complex
spine surgery where there can be substantial blood and
fluid requirements from operative site losses.' *° Because
the central retinal vein exits out of the optic nerve, an
internal ‘compartment syndrome’ may occur in the optic
nerve. Alternatively, fluid accumulation in the vicinity of
the lamina cribrosa might compress axons. Further support
that increases in venous pressure within the optic nerve are
potentially deleterious can be seen in reports of ION after
head and neck surgery in which the internal jugular veins
were ligated.56 6587 However, head and neck venous drain-
age bypass pathways are available when internal jugular
veins are ligated. Some have speculated that facial oedema
indicates ION risk after spine surgery.”” However, facial
oedema is often seen after spinal surgery in many patients
who do not develop ION, and therefore, its relevance
remains unclear, and the notion that facial oedema is a
risk factor is unproven.

Cerebrospinal fluid (CSF) was sampled from the optic
nerve subarachnoid space and the lumbar region in
patients with idiopathic intracranial hypertension under-
going optic nerve sheath fenestration.* Authors performed
MRI and CT-cisternography and compared albumin, IgG,
x-trace protein, and brain-derived protein lipocalin-like
prostaglandin D-synthase content. From differences in
ratios of CSF proteins in optic nerve vs the lumbar region,
and cisternography, they concluded that CSF flow com-
partmentalized in the optic nerve under these pathological
conditions. The implication is that relatively high CSF
pressures in the intra-orbital optic nerve could result in
compression. However, this theory has not been tested in
patients undergoing fluid resuscitation.

Although these theories concerning the role of intra-
operative fluids in perioperative ION have been postulated,
none has been examined in either animal or human
studies. Orbital MRI in ION patients has not provided

support for any of these theories.”® No study has shown a
relationship between periorbital oedema, IOP, and ION.
Fluid administration could be a pathogenic factor in ION,
especially in patients positioned prone or undergoing
cardiac surgery, but the mechanisms involved, and also
amounts and nature of fluid required, remain undefined.

Some types of ‘anatomic variation’ in the circulation of
the optic nerve might predispose to ION. Potential water-
shed zones in the anterior and posterior circulation and the
presence of disturbed autoregulation in normal patients’®
cannot be predicted clinically. Human studies generally
show preserved optic nerve blood flow to even lower
ranges of perfusion pressure, but these studies are primar-
ily of the anterior optic nerve.®® ’® In animal studies, blood
flow was preserved in various layers of the optic nerve,
including the retrolaminar area, at a mean arterial pressure
as low as 40 mm Hg.”

A small optic disc (low ‘cup-to-disc ratio’) might
increase AION, but not PION, susc:eptibility8 because
axons in the optic nerve pass through a narrower opening.
Mechanisms of injury with a crowded disc include axo-
plasmic flow mechanical obstruction or stasis, stiff cribri-
form plate, and decreased neurotrophic factor delivery to
retinal ganglion cells after ischaemia.’

Vasopressors

Shapira and Colleagues88 showed an association between
prolonged epinephrine infusions or long bypass time and
ION in patients undergoing open-heart surgery. Lee and
Lam® reported ION after lumbar spine fusion during
which phenylephrine infusion maintained arterial pressure.
ION was reported in four critically ill patients with signifi-
cant systemic illness on prolonged vasopressor and inotro-
pic agent infusions to maintain arterial pressure and
cardiac output.®® a-Adrenergic receptors are not known to
be located in the optic nerve, and the blood—brain barrier
prevents entry of systemically administered agents, except
possibly in the prelaminar zone. Therefore, a role of vaso-
pressors remains unclear.

High arterial pressure, diabetes mellitus, and coronary
artery or cerebrovascular disease

High arterial pressure, diabetes mellitus, and coronary
artery or cerebrovascular disease have been cited in case
reports but are not present in all patients in whom ION
has developed. Hypertension and coronary artery disease
are nearly always found in patients undergoing coronary
artery bypass grafting, but ION develops in few. Case—
control data did not show association of these factors with
ION in spine surgery patients and in a larger surgical
population. However, Patil and colleagues74 reported an
increased odds ratio of ION in spine surgery patients with
a discharge code in NIS of peripheral vascular disease or
diabetes mellitus. A case series showed that many peri-
operative PION patients have few vascular disease risk
factors.®® Holy and colleagues™ did not find association of
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perioperative  ION and hypertension, coronary artery
disease, diabetes, or stroke. In a prospective study of non-
surgical patients, ION was not associated with carotid
artery disease.”® Although a basis for the notion that peri-
operative ION is related to atherosclerosis is that the optic
nerve vasculature autoregulates abnormally, this associ-
ation has not been studied in humans, and animal data are
sparse and inconclusive.*> Because of these unknowns, it
appears advisable to approach patients undergoing high-
risk procedures cautiously.

Erectile dysfunction drugs

AION has been described in patients who used these
agents, and cause and effect have been debated.”> Because
of possible increased risk, it seems sensible to discontinue
the use of these agents a day or two before surgery.

Surgery on the nose and paranasal sinuses

Surgery on the nose and paranasal sinuses has a risk of
visual loss. Blindness was reported after endoscopic sinus
surgery®” due to direct surgical damage to the optic nerve,
or by compression from retrobulbar haematoma and ION.
An ocular compartment syndrome may be present, necessi-
tating immediate surgical decompression to preserve
vision.®

Prognosis, treatment, and prevention of ION

Buono and Foroozan'* summarized the lack of proof that
treatment altered the course of PION. In a few case
reports, increasing arterial pressure or haemoglobin, or
applying hyperbaric oxygen, improved visual outcome.®
Neuroprotective agents or drugs that lower IOP, valuable
in theory, have never been shown to result in improve-
ment.® Apparent improvement of vision occurred in two
patients with ION after spine surgery with correction of
anaemia and hypotension. One had partial improvement
which subsequently regressed, and the other had more
clear improvement.93 However, it is difficult to ascertain if
improvement came from treatment because some patients
recover vision spontaneously after PION.'*

Acetazolamide lowers IOP and may improve flow to the
optic nerve head and retina.*' Diuretics such as mannitol
or furosemide reduce oedema. Because steroids are of
unproven benefit, their use must be carefully weighed.
Increasing ocular perfusion pressure or haemoglobin con-
centration may be appropriate when ION is in conjunction
with significant decreases in arterial pressure and haemo-
globin (Table 1). Maintaining head-up position if
increased ocular venous pressure is suspected may be
advantageous. But its use has to be balanced against
decreased arterial supply with the head up.

Some general recommendations could be made for
spine surgery, where risk of ION is higher, but whether
any of these can prevent it remains unknown. The head
should be in neutral position relative to the back; head
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Table 1 Recommendations of the ASA Task Force on Perioperative Blindness

The consensus of the Task Force is that a high-risk patient’s vision should be
assessed when the patient becomes alert (e.g. in the recovery room, intensive
care unit, or nursing floor). If there is concern regarding potential visual loss,
an urgent ophthalmologic consultation should be obtained to determine its
cause. Additional management may include optimizing haemoglobin or
haematocrit levels, haemodynamic status, and arterial oxygenation. To rule
out intracranial causes of visual loss, consider magnetic resonance imaging.
The Task Force believes that there is no role for antiplatelet agents, steroids,
or intraocular pressure-lowering agents in the treatment of perioperative
ischaemic optic neuropathy

There is a subset of patients who undergo spine procedures while they are
positioned prone and receiving general anaesthesia who have an increased risk
for the development of perioperative visual loss. This subset includes patients
who are anticipated before operation to undergo procedures that are
prolonged, have substantial blood loss, or both (high-risk patients)

Consider informing high-risk patients that there is a small, unpredictable
risk of perioperative visual loss

The use of deliberate hypotensive techniques during spine surgery has not
been shown to be associated with the development of perioperative visual loss

Colloids should be used along with crystalloids to maintain intravascular
volume in patients who have substantial blood loss

At this time, there is no apparent transfusion threshold that would eliminate
the risk of perioperative visual loss related to anaemia

High-risk patients should be positioned with the head level with or higher
than the heart when possible. In addition, the head should be maintained in a
neutral forward position (e.g. without significant neck flexion, extension,
lateral flexion, or rotation) when possible

Consideration should be given to the use of staged spine procedures in
high-risk patients
Available from http:/www.asahq.org/publicationsAndServices/
BlindnessAdvisoryFinal.pdf

down is discouraged. In patients with poorly controlled
hypertension or significant or suspected atherosclerosis,
maintaining systemic arterial pressure seems sensible.
Where to keep arterial pressure should be weighed against
possible surgical needs for deliberate hypotension to
decrease blood loss and maintain adequate operative
exposure. In cardiac surgery, many factors are involved in
arriving at the optimal systemic perfusion pressures during
cardiopulmonary bypass. Arterial pressure management is
only one component in care of anaesthetized patients,
where the focus is on the entire patient and not only the
optic nerve. Hypertensive patients treated with
angiotensin-converting enzyme inhibitors or angiotensin II
receptor blockers, often together with p-blockers or
calcium channel blockers, are commonly encountered.
These patients frequently become hypotensive intraopera-
tively and might require vasopressors.”> Systemic risks of
increasing arterial pressure with vasoactive agents or by
infusion of i.v. fluids include serious complications of
decreased renal, liver, and intestinal perfusion, congestive
heart failure, and myocardial ischaemia. They are impor-
tant considerations in determining the appropriate range
for arterial pressure and fluid resuscitation.’

Although scientific evidence to guide practice with
respect to level of haematocrit intraoperatively is incom-
plete, and bearing in mind that haematocrit determinations
intraoperatively may not be exact, anaesthesiologists are
advised to be cautious during simultaneous deliberate
hypotension and haemodilution to haematocrit <25%.
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The effect of haemodilution will often be a large fluid
resuscitation. Particularly in re-operation for spinal fusion,
the expectation is that more fluid will be required. A rela-
tively ‘dry’ fluid strategy has only been tested in abdomi-
nal surgery.’® Using the same practice in spine surgery
might be hazardous. More reliance upon colloids might
decrease the volume of crystalloid, although the impact
upon occurrence of visual loss is not known. Earlier blood
transfusion can decrease the use of i.v. fluid, but of course
carries its own set of considerations and risks.

Staging complex spine procedures is another potential
strategy. In some instances, the anaesthesiologist and
surgeon might agree to follow a less ambitious plan. To
decide if justified, it would be necessary to assess associ-
ated risks of multiple surgeries (such as infection and
unstable spine). A summary of recommendations of the
ASA Task Force on Perioperative Blindness that is appli-
cable to patients undergoing spine fusion surgery appears
in Table 1.*

Whether patients should be informed of ION, especially
those undergoing higher-risk cardiac surgery and complex
instrumented spinal fusion surgery, is controversial. The
Task Force recommendation is to consider informing those
undergoing prolonged spine fusion surgery with large
anticipated blood loss.* Because most patients are first
seen by anaesthesiologists soon before surgery, consider
requesting that the surgeon discuss the possible compli-
cation at an earlier, more relaxed, preoperative visit.

In summary, much is unknown about the pathogenesis of
perioperative ION. Possible strategies the anaesthesiologist
might consider using in the perioperative period have been
outlined, although there is no scientific evidence at the
present time that any of these interventions can prevent or
treat perioperative ION. RVO, particularly when it occurs in
a prone-positioned patient, is a preventable complication in
most instances related to head positioning and external com-
pression of the eyes during surgery.
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