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Postoperative Visual Loss

Still No Answers—Yet

POSTOPERATIVE visual loss (PVL) is a devastating and
poorly understood injury. Although rare, there are cer-
tain operative procedures, especially spinal surgery, in
which the incidence seems to be significantly higher.
Ischemic optic neuropathy (ION), which affects the an-
terior or posterior portions of the optic nerve, is the
most common cause of PVL.1 Visual loss may also be
caused by retinal arterial occlusion and cortical blind-
ness. Awakening with visual impairment may be one of
the most frightening and catastrophic postanesthetic
complications that a patient could sustain. It is also an
enormous medical–legal liability problem. PVL has
evoked controversy. Is it a preventable injury? If so, is it
possible or even desirable to change our practice in an
attempt to prevent it? Should we routinely inform pa-
tients of this risk?1,2 Lee and Lam3 report in this issue of
ANESTHESIOLOGY yet another case of postoperative blind-
ness after spinal surgery. Although the report does not
contain new information, it is disturbing as one more
vivid reminder of how PVL can follow a seemingly un-
complicated anesthetic administration without the com-
monly cited risk factors, which include hypotension,
anemia, and external compression of the eye.1,4 There
have been many other cases reported that lack these risk
factors as well.4 We need to look beyond a simple ap-
proach to PVL and consider how we might try to prevent
this adverse event by taking a systems approach. Be-
cause of the impression that the incidence of PVL is
increasing, it is essential that we learn more about its
causes.

To achieve our goals of consistently good outcomes,
an environment fostering a rich reporting culture must
be created and supported to capture accurate data with
details of clinical care.5 However, many obstacles pre-
vent adequate reporting of rare but serious events of this
type. Disincentives to reporting include extra work,
skepticism, lack of trust, fear of reprisal, no effective
means to report, and an “organizational culture” that
discourages reporting.6,7 The majority of our knowledge
about PVL derives from case reports by ophthalmologists

and surgeons, and it is only in the past 5 yr that cases
have begun to be reported in the anesthesia litera-
ture.8–10 The incidence of PVL in a general surgical
population is 1 in 61,000.9 This low incidence renders a
prospective study difficult if not impossible. In a recent
study of nearly 225,000 anesthetics over a 15-yr period at
our institution, the incidence of PVL after spinal surgery
was 1 in 1,100 (3 patients of 3,351), a 50-fold higher rate
compared with all other procedures. The result after
spinal surgery is in accordance with estimates derived
from survey studies.11–13 Open heart surgery, head and
neck surgery, and sinus surgery are also believed to be
associated with a higher risk of PVL.4 The medical–legal
implications, underreporting, and the absence of an an-
imal model have hampered achievement of an adequate
understanding of the mechanisms of PVL.

Anesthesiologists may not be responsible for this in-
jury in many instances, but we are in the best position to
gather data to begin to understand this complication.
There are a number of means to capture adverse event
data reliably as demonstrated, e.g., by the Australian
Incident Monitoring System.14 The American Society of
Anesthesiologists (ASA) Closed Claims Project has estab-
lished a Post-Operative Visual Loss Registry.* Since June
1999, 35 cases have been submitted anonymously to the
Registry. Preliminary results were reported at the last
ASA annual meeting15 and in the ASA Newsletter.16 The
goal is to accumulate data from 100 patients with PVL.
When completed, this project will provide by far the
largest and most detailed characterization of patients
that have sustained PVL. This is an important step to-
ward beginning to achieve an understanding of PVL. To
submit cases, the patient’s medical record must be avail-
able, and data must be entered on standardized forms
available from the Registry. Although the Registry has its
limitations, e.g., it cannot definitively establish the mech-
anisms of PVL, it is currently the only organized data
gathering tool for PVL. With anonymity assured, anesthe-
siologists should not be reluctant to submit cases. Ano-
nymity will help to ensure trust and confidentiality while
incident reporting systems continue to evolve.

Another possibility would be to conduct a large, mul-
ticenter case control study to compare patients with
case-matched controls. This type of study at our hospital
did not show any differences in intraoperative factors,
such as blood loss, blood pressure, hematocrit, or the
quantities of fluid administered intraoperatively, but our
results were limited by the small sample size of visual
loss patients (four patients at a single institution). A
larger study encompassing at least 15–20 affected pa-
tients undergoing the same surgical procedure might
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yield sufficient statistical power to examine at least some
of the suspected factors. This study would begin to yield
insight into the mechanisms of PVL.

A prospective study would be ideal but is especially
difficult because of the low incidence. However, a look
at some “intermediate” variables, such as blood pressure,
intraocular pressure, or tests of visual function, may be
of value. Another direction is to use an animal model, but
none have been developed. The monkey’s ocular circu-
lation is closest to that of humans,17 but expense is a
limitation. The rat, whose optic nerve is not dissimilar
from the human,18 would be a potential alternative.

For a study of PVL to produce meaningful results, what
should we be looking for? Indices of ocular perfusion,
blood loss, and fluid administration would seem to be
relevant, but for reasons we will explain, the role of
these is currently controversial. Looking at blood flow in
the optic nerve would be highly relevant but is not yet
possible on a routine clinical basis. There are patient-
specific factors as well that should be considered. The
vascular supply to the optic nerve differs between
the anterior and the posterior portions of the nerve. The
anterior optic nerve head is supplied primarily by
the end-arterial posterior ciliary arteries, and the poste-
rior is supplied by penetrating pial vessels.4 Some indi-
viduals are more susceptible to ischemia in the anterior
optic nerve because of variation in the number of pos-
terior ciliary arteries, with resultant “watershed”
zones.19 Up to 20% of healthy patients have abnormal
autoregulation (undetectable clinically) in the anterior
optic nerve.20 Vessels in the posterior optic nerve are
easily compressible and, together with changes in per-
fusion pressure, may render some patients more suscep-
tible to ION.21,22 Decreases in perfusion are tolerated
within the autoregulatory limits in the retina and optic
nerve in healthy patients, but atherosclerosis may decrease
blood flow in the optic nerve.23 Therefore, patients with
vascular disease may be at higher risk for ION.

Decreased perfusion pressure in the retina or optic
nerve may be caused by decreased mean arterial pres-
sure, or increased pressure in the venous drainage of the
retina or optic nerve. Therefore, prolonged decreases in
blood pressure, especially in patients with disturbed
autoregulation, might be deleterious. Increased venous
pressure, e.g., with internal jugular vein compression or
ligation, prolonged head-down position, or large quanti-
ties of fluid infusion, also decrease perfusion. With prone
positioning, increases in intraocular pressure might be
potentiated by these factors. The combination of de-
creased blood pressure and increased venous pressure
seems to pose the greatest risk.4 External compression of
the eye could increase intraocular pressure, decreasing
perfusion pressure, and cause retinal ischemia24; none-

theless, it is not likely that compression can cause an
isolated ION without retinal ischemia.2

The optic nerve seems highly sensitive to the effects of
acute blood loss,1 but there is no convincing evidence
that isovolumic hemodilution exposes the optic nerve to
risk. This is an important issue because of the general
trend to reduce blood usage intraoperatively.1,8 Hemodi-
lution did not significantly decrease oxygen delivery to
the choroid while increasing retinal oxygen delivery in
cats.25,26 Arguing further against an exclusive role for
hypotension and hemodilution is their routine occur-
rence during cardiopulmonary bypass; the low inci-
dence after bypass suggests the involvement of other
factors. Moreover, for patients sustaining PVL after spi-
nal surgery, hematocrit and intraoperative blood pres-
sure were no different compared with unaffected con-
trols. Affected patients underwent longer operations
with greater blood loss, similar to findings in cardiac
surgical patients sustaining ION.11 In addition, ION pa-
tients who had undergone cardiac surgery were more
likely to be fluid overloaded and to require vasopressors
postoperatively.27 Hayreh28,29 has suggested from mon-
key studies that vasoconstrictors, such as angiotensin
and serotonin, may in fact play a role in the development
of ION.

In the absence of obvious external compression of the
eye, PVL seems to be a multifactorial problem with no
consistent underlying mechanism. Anatomical variation
in the blood supply to the optic nerve is undetectable by
the anesthesiologist but could explain why only a small
proportion of patients sustain this complication, or per-
haps this variation, taken together with major shifts in
fluid balance and in blood pressure, may be responsible.
In summary, the study of PVL is at this time akin to that
of trying to understand malignant hyperthermia in the
1960s. Given the heightened awareness of the potential
impact of improvements in patient safety30 and the large
national increase in funding for patient safety research in
the last year,† we would hope this devastating disorder
will be recognized as an important field to fund and
study. Ultimately, a larger epidemiologic study as well as
research at a basic level will be necessary to determine
the underlying causes and means to prevent PVL.
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