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Postoperative vision loss (POVL) is an uncommon but devastating complication caused by retinal and
optic nerve ischemia from prolonged intraocular pressure, related to head-down, prone positioning
during anesthesia. LNCs should be aware of this, risk factors, optimal monitoring, and potential

treatments when reviewing a case of postoperative blindness.

INTRODUCTION

The plaintiff attorney interviews a wom-
an who wants to sue her surgeon. The
patient underwent a posterior cervical
disc fusion with instrumentation and
was in the operating room for 6 hours.
Instrumentation means that metal
hardware was attached to the spine. The
patient woke up from surgery unable to

see.“Does she have a case?” the attorney
asks you.

POSTOPERATIVE VISION
LOSS

The Centers for Disease Control and
Prevention reports vision loss as among
the top ten causes of disability in the
United States. It is a condition feared by
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many. People with vision loss are more
likely to report depression, diabetes,
hearing impairment, stroke, falls, cogni-
tive decline, and premature death. Vision
loss often leads to an inability to drive,
read, keep accounts, or travel in unfamil-
iar places, substantially compromising
the quality of life. Postoperative vision

loss (POVL) not only has profound




implications for emotional well-being
and return to preoperative function
level but also increases the length of
stay postoperatively and leads to higher
medical bills. Patients who experience
POVL incur an average of 8.6 hospital
days versus 4.1 days for those unaf-
fected. The average cost of stay more
than doubles: $49,532 compared with
$22,697 for those without POVL.!

The first documented report of POVL
was in 1948 and was attributed to
improper head positioning during a
procedure with the patient in the prone
position.” In 2006 an anesthesiologist,
Dr. Anthony D. Lehner, experienced
POVL following prolonged (7.5 hours)
lumbar spine surgery in prone Trende-
lenburg position. (Figure 1) He stated
that he was not able to open his eyes
until noon the day after surgery due to
edema. His vision loss was permanent,
ending his career. Dr. Lehner then
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advocated for patient education, high-
lighting the potential risk of POVL.
He recommended disclosing the risk

of POVL to each patient undergoing a
procedure at potential risk at the time
of informed consent. Cleatly stating the
risk of POVL also helps patients and
their family members understand this is
a complication of positioning, not of the
anesthetic itself.? (Ed. note: See also N.
Radoslovich, OR positioning for the LNC,
JLNC Spring 2019, p. 24)

INTRAOCULAR PRESSURE
(IOP)

Increased intraocular pressure (IOP)

of the aqueous humor (fluid) inside

the eye can have serious effects. Studies
show steep Trendelenburg and prone
positions, as well as excessive fluid
replacement, influence IOP, and contrib-
ute to POVL.* The first controlled study
of IOP in prone anesthetized patients
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was by Cheng et al. in 2001. IOP ini-
tially decreased at anesthesia induction.
However, when the patient was prone
versus supine positions under general
anesthesia, Cheng et al. found IOP
doubled. There was a direct correlation
between time spent prone and severity of
IOP. They suggest a linear relationship
between time spent in the prone position
and IOP. Increased IOP associated with
periorbital edema, venous hyperten-
sion, and abnormal eye fluid mechanics
contributes to orbit hypoperfusion by
decreasing the pressure gradient below a
critical level at the optic nerve and retina’
resulting in hpoperfusion and anoxic
injury to these delicate structures.

When surgery requires steep Trendelen-
burg or prone position, venous pressure
rises from increased intraabdominal
and intrathoracic pressure, creating
increased IOP. Think how you would

feel lying on your face or standing on
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Figure 1. Surgical positioning
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your head for long periods of time. As
venous pressure increases in the head
and neck, higher hydrostatic pressure
causes capillary leakage. This forces fluid
to accumulate in the interstitial space,
further constricting venous return and
limiting perfusion to the optic nerve.
Most cases of ischemic optic neuropathy
(ION) occur in the posterior region of
the optic nerve, where collateral branch-
es of the pial plexus arteries supply flow.
The optic nerve travels through the optic
canal and an enclosed space constructed
of collagen and bone in the sclera called
the lamina cribrosa (Figure 2). Edema
in the area compresses the optic nerve,
leading to the ischemia.®

ISCHEMIC OPTIC
NEUROPATHY (ION)

Blood supply to the optic nerve origi-
nates from the internal carotid artery,
which branches into the ophthalmic
artery and thence to the central retinal
artery. The most common cause for
POVL is ION, encompassing approxi-
mately 89% of documented POVL cases.
As blood supply becomes disrupted in

Ischemic optic neuropathy can lead to
permanent optic nerve atrophy. However, vision
may be preserved with timely correction of
underlying causes (such as perioperative anemia
and hypotension), and suitable treatment.

either the anterior or posterior segment,
it results in anterior ischemic optic neu-
ropathy (AION) or posterior ischemic

optic neuropathy (PION), respectively.®

AION is characterized by sudden,
painless, bilateral visual deficit ranging
from a minor decrease in visual acuity
to blindness, unilaterally, or bilaterally.’”
PION in the postoperative period pres-
ents as a sudden painless loss of visual
acuity, and it may continue to degener-
ate but typically does not improve.?

Unilateral optic nerve dysfunction,
visual field deficits, and absence of
other causes of decreased vision are
indicative of afferent pupillary defect
and are diagnostic indicators of ION.
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Blood supply determines the extent
of the visual loss of the optic nerve.

In anemic patients, whose blood has
decreased oxygen-carrying capacity,
hypotension may lead to an infarction
of the optic nerve head where blood
supply is vulnerable to compression.

Some treatments for ION include
retrobulbar steroid injections, antiplate-
let therapy, anticoagulants, phenytoin,
norepinephrine, and blood replacement.
Other preventative measures include
avoidance of prolonged reduction of
oxygen delivery to the eye from hypo-
tension or anemia and minimizing

the time a patient is prone.’ A litera-
ture review by Buono and Foroozan
reveals the correction of hemodynamic
derangements as the only proven valu-
able treatment modality.'’

ION can lead to permanent optic

nerve atrophy' However, vision may

be preserved with timely correction of
underlying causes (such as perioperative
anemia and hypotension), and initiation
of suitable treatment."" Although there
are no accurate statistics, underlying dis-
ease factors contributing to POVL are
diabetes, vascular disease, and glauco-
ma. Lee et al. theorize that hypotensive
ION occurs from optic nerve compart-
ment syndrome, suggesting high venous
pressure and interstitial tissue edema
can compromise blood flow to the optic
nerve. They cite increased blood loss
and prolonged anesthetic time as factors
associated with POVL,

The American Society of Anesthesi-
ologist (ASA) POVL Registry cites



increased blood loss and hemodilution
to be prominent in POVL. This Reg-
istry provides a mean surgical time of
5.5 hours in reviewed cases of POVL.
Members of the ASA POVL Task Force
also advocate frequent eye assessments
along with proper documentation. Since
avoiding pressure on the eyes is essential
in preventing central retinal artery occlu-
sion, ocular pressure must be assessed
frequently by anesthesia providers in
cases with patients in the prone posi-
tion."” In a study by Lee and colleagues,
anesthesia providers documented eye
checks in only 51% of cases of POVL."?

Once established that the patient is
experiencing POVL, an ophthalmol-
ogist should be contacted urgently for
a consultation to determine the cause
and to create an interventional plan."
However, there is no established treat-
ment, so prevention is key' Pre—existing
conditions include cardiovascular dis-
ease, long-standing or poorly controlled
hypertension, known visual disorders
such as glaucoma or end-organ ocular
damage. In these patients, it would

be practical to sustain systemic blood
pressure as close to baseline values as
possible and to avoid extended declines
in ocular perfusion pressure (OPP)."*

Fluid management is complicated in

a procedure that is associated with
substantial blood loss and prolonged
anesthesia time; however, the ASA
Practice Advisory recommended in
2006 that anesthesia providers should
incorporate colloids along with crys-
talloid in fluid administration. Central
venous pressure monitoring may also be
useful in high-risk patients.

It is unclear how low the hemoglobin
level must drop or the length of time
the hemoglobin level must remain low
to result in intraocular neuropathy.'® A
literature review by Gilbert, a neu-
ro-ophthalmologist, concludes that any
interruption to blood flow autoregula-
tion can lead to POVL.Y Even more
confusing is though case reports suggest

hypotension and anemia are factors

that cause ION, it can occur in patients
without these factors and in patients
with blood pressures and hematocrit
that anesthesiologists considered to be
in acceptable ranges. We do know that
after spine surgery risks factors for ION
include the lengthy operative procedures
in the prone position, hypotension,
hemodilution or anemia, blood loss, and
infusion of large amounts of intrave-
nous fluids.'®

IOP AND ION

Remember the two types of ION:
AION, anterior ischemic optic neurop-
athy due to ischemia of the optic disc,
and PION, posterior ischemic optic
neuropathy due to ischemia of the retro-
bulbar optic nerve.”” In AION the optic
disc is acutely edematous, whereas in
PION the optic disc is acutely healthy
but atrophies weeks to months after the
event.”’ Hayreh published an in-depth
review of retinal blood flow and auto-
regulation also noting that optic nerve
perfusion pressure (OPP) equals carotid
arterial pressure or mean blood pressure
minus IOP in all position*” when IOP
exceeds jugular venous pressure (JVP).
As you might expect, studies show that
peak IOP is the principal determinant
of functional loss.*

Normal IOP ranges between 12 and

20 mmHg, averaging about 15 mmHg;
it is regulated to remain constant in the
healthy eye, usually +/- 2 mmHg of its
baseline. Pressure can be determined
by resistance to outflow of aqueous
humor from the anterior chamber while
reabsorption in the canal of Schlemm
occurs, and then goes into the venous
circulation. In healthy eyes, autoregula-
tion occurs so that as pressure increases
in the eye, the rate of flow into the canal
of Schlemm increases, maintaining
constant blood flow during changes in
perfusion pressure.”

Increases in IOP may also be a source

of postoperative ION. There are
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reports of visual loss related to ION

in patients without hypertension

or anemia. However, patients with
chronic hypertension may be intolerant
to hypotension since it contributes to

a shift in the autoregulatory curve of
optic nerve blood flow.

There are also reports of POVL doc-
umented in supine patients, but most
reported cases follow general anesthe-
sia for spine procedures in the prone
position.”> According to Sappington
et al,, during surgical procedures with
anesthesia, especially those requiring
extreme positioning, autoregulatory
processes do not respond to increases
in IOP by decreasing the production of
aqueous humor.**

CONSIDERATIONS TO LIMIT
EFFECTS OF IOP

A proposed intervention is to admin-
ister a topical anhydrase inhibitor and
beta-adrenergic receptor blocking agent
ophthalmic solution once IOP reaches
40 mmHg. A hand-held tonometer can
make contact with the eye and be used
to measure IOP in any surgical position.
If IOP increases, second doses can be
given.”” These medications reduce IOP
by decreasing aqueous humor produc-
tion through inhibition of carbonic
anhydrase IT in the ciliary processes and
direct action on beta2-adrenergic recep-

tors in the ciliary processes.?

A study by Grover et al. of
beta-adrenergic blocker eyedrop
administration in patients under
general anesthesia showed that this
protects against increased IOP in
patients following tracheal intuba-
tion.” According to Shemesh et al.,
large-scale clinical studies demon-
strate the importance of early IOP
reduction to prevent optic nerve
damage and visual loss. Their studies
mention that the second and even

a third dose of beta-adrenergic eye
drops administered per day is shown
to lower IOP 25.9% over time.?
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As shown in Figure 3, chemosis is
detected as the white outer coating rises
above the iris, appearing gelatinous. The
presence of chemosis should alert the
anesthesia provider that inflammation
is occurring in the eye. Once chemosis
is visible, IOP is approaching a critical
level, allowing time for the provider to
intervene. Because it is not possible in
all operating rooms to measure IOP,
detecting chemosis is an indicated clini-
cal endpoint at which topical anhydrase
inhibitor and beta-adrenergic receptor

blocking agent ophthalmic solution
would be valuable.”

POSITIONING

Pinkney et al. reviewed the relationship
of patient positioning and IOP across
all surgical specialties and concluded
that rising IOP is time-dependent.’!
Porciatti and Nagaraju note benefit in
reverse Trendelenburg positioning and
illustrate decreased IOP and improved
retinal ganglion cell function with this
intervention.”? Linder et al. also suggest
that elevation of the head above the
level of the heart reverses the effects

of gravity-induced orthostatic venous
pressure gradient resulting in decreased
IOP?* However, the need for steep

Figure 3. Chemosis.

Trendelenburg positioning during low-
er abdominal robotic and laparoscopic
procedures has dramatically increased
over the past decade; more than 853
US hospitals were using the system as
of 2010, and internationally the num-
bers doubled from 200 to 4003

There was a case report of bilater-

al POVL in a patient undergoing
laparoscopic prostatectomy in steep
Trendelenburg position, without
intraoperative hypertension, hemodi-
lution, extreme blood loss, or perceived
metabolic disturbance. But he remained
in a steep Trendelenburg position for
7.5 hours. This sentinel event prompted
researchers in the institution where it
occurred to develop a study investi-
gating the relationship between IOP
and steep Trendelenburg position. The
study included 36 patients undergoing
laparoscopic surgery in the steep Tren-
delenburg position over three years.
IOP was measured using a tonometer
at designated times during the sur-
gery. Malloy found a direct correlation
between the duration of time in steep

Trendelenburg position during surgery
and increased IOP>’

The surgical and anesthesia team can
reduce IOP by unlocking the lapa-
roscopic equipment and leveling the
table for 5 minutes after the patient
has been in the steep Trendelenburg
position for four hours.* In a com-
parison of IOP between patients in
a continuous steep Trendelenburg
position compared with those
who are placed in the supine (flat)
position for 5 minutes after four

/
-
—..ﬂ .
.\_;ﬁ hours of surgery, the patients who

received the 5-minute supine rest
had decreased IOP immediately
following the rest period. They also
had a faster return to baseline IOP
after completion of the surgery than
did patients who did not have a change
in position intraoperatively.””

The 2003 Anesthesiology Update
titled “Preventing blindness” stated
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that one in every ten neurosurgeons
reported having had patients with
POVL following lengthy back pro-
cedures.’® It is important to initiate
protocols during procedures requiring
prolonged steep Trendelenburg or
prone positions, in pursuit of providing
an optimal level of ophthalmic safety
for this patient population.’

Baig et al. performed a 2007 literature
review citing bypass procedures as
having a 4.5% incidence of postopera-
tive vision loss and spine surgery a 2%
incidence. Intraoperative factors were
hypertension, blood loss, anemia, exces-
sive fluid replacement, and duration of
the surgical case.

Baig and colleagues reviewed POVL
after spine surgery and suggest that the
posterior optic nerve may be suscep-
tible to decreased perfusion caused by
increased venous pressure because of
the nature of these small end vessels.
They note that small pial branches
supply the midorbital optic nerve,
which is at risk in posterior ischemic
optic neuropathy.* A 10-year study
(between 1996 and 2005) analyzing
more than 5.6 million patients in the
Nationwide Inpatient Sample, deter-
mined that the highest rates of POVL
involved cardiac surgery (8.4 events of
10,000 cases) and spinal fusion (3.09
events of 10,000 cases).*!

AION is often associated with cardiac
surgery; PION with spine surgery.
There is individual variability in blood
supply to optic nerves, so patterns

of vision loss vary. Using horseshoe
headrests in spine surgery can lead to
unilateral vision loss involving peri-
orbital edema, chemosis, ptosis, and
corneal abrasion. In nose and sinus
procedures, blindness can arise from
direct surgical damage to the optic
nerve. Using square or circular foam
headrests with eye cutouts and a mirror
to view the eyes helps prevent central
retinal arterial occlusion from direct
pressure on the eyes. There are reports



There is no established treatment, so prevention
is key. Pre-existing conditions include

cardiovascular disease, long-standing or poorly
controlled hypertension, known visual disorders
such as glaucoma or end-organ ocular damage.

734. https://www.ncbi.nlm.nih.gov/
pubmed/18915%944

of goggles dislodging and causing direct + Discuss with patients preoperatively

ocular pressure, resulting in unilateral about the risk of perioperative vision

central retinal arterial occlusion. loss occurring during informed 3. Lechner AD. If my spine surgery went fine,
why can’t I see?: Postoperative visual loss
and informed consent. APSF Newslett.
2008;23(1):1 - 3. https://www.apsf.org/
article/if-my-spine-surgery-went-fine-
why-cant-i-see-postoperative-visual-loss-

and-informed-consent/

. consent?
Roth suggests ensuring eyes are prop-

etly positioned behind eye cutouts + Assess and document that the eyes

on headrests and checking every 20 are free of pressure throughout prone

minutes, by palpation or visualization, and Trendelenburg procedures

to ensure there is no direct external + Incorporate colloids with fluid

administration? 4. Evans LS. Increased intraocular pressure

in severely burned patients. Am J
Ophthalmolog. 1991;111(1):56 — 58.
https://doi.org/10.1016/5S0002-
9394(14)76897-7

compression to the eyes.*
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Treatment options for the initial . ) ,
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management of vision loss after spine
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surgery associated with PION consist P P

prone position? 5. Cheng MA, Todorov A, Tempelhoff R,
McHugh T, Crowder CM, Lauryssen

C. The effect of prone positioning on

of correcting volume depletion, cor-

recting blood loss, restoring the blood + During steep Trendelenburg pro-

pressure to normal, and possibly admin- cedures, use a 5-minute supine rest

intraocular pressure in anesthetized
patients. Anesthesiology. 2001;95(6):1351 -
1355. https://anesthesiology.pubs.asahq.

org/article.aspx?articleid=1944231

istering corticosteroids intravenously. stop at the four-hour timeframe. Rest

The worst prognosis for perioperative stops require undocking of laparo-

. . . . 1 1 )
blindness is with central retinal artery scopic equipment:
occlusion and PION. The beginning + Use soft foam headrest with cutouts 6.

for eyes to prevent direct external

Postoperative Visual Loss Study Group.
point for prevention is an increased Risk factors associated with ischemic optic
neuropathy after spinal fusion surgery.
Anesthesiology. 2012;116(1):15 - 24.
https://anesthesiology.pubs.asahq.org/

article.aspx?articleid=1933604

awareness of the possibility of compli- compression and a mirror for viewing

cations in addition to the correction

of hypoperfusion to the eyes, partic- + Consult an experienced ophthalmol-
ularly in patients with vaso-occlusive

the eyes?

ogist at first sign that the patient has 7. Hayreh SS. Management for ischemic
optic neuropathies. Indian ] Ophthalmol.
2011;59(2):12 - 36. http://www.ijo.in/

article.asp?issn=0301-4738;year=2011;vo

conditions, such as chronic essential altered vision after surgical procedure?
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