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Abstract
Perioperative visual loss (POVL) is a devastating injury that has been reported infrequently after
nonocular surgery. The most common cause of POVL is ischemic optic neuropathy (ION). Increasing
numbers of cases of ION are being reported after spine surgery, but the etiology of postoperative
ION remains poorly understood. After a MEDLINE search of the literature, we reviewed published
case reports of ION, specifically those reported after spine surgery performed with the patient in the
prone position. Most of the cases involved posterior ION (PION, n = 17), and the remainder anterior
(AION, n = 5). Most patients had no or few preoperative vascular disease risk factors. All except one
PION and 2 of 5 AION cases reported symptom onset within the first 24 hours after surgery. Visual
loss was frequently bilateral (40% of AION, 47% of PION cases). Mean operative time exceeded
450 minutes. The lowest average intraoperative mean arterial blood pressure was 64 mm Hg and the
mean lowest intraoperative hematocrit was 27%. The average blood loss was 1.7 L for AION and 5
L for PION patients. PION patients received an average of 8 L of crystalloid solution and 2.2 L of
colloid intraoperatively. This compilation of case reports suggests that a combination of prolonged
surgery in the prone position, decreased ocular perfusion pressure, blood loss and anemia/
hemodilution, and infusion of large quantities of intravenous fluids are some of the potential factors
involved in the etiology of postoperative ION. However, levels of blood pressure and anemia
intraoperatively were frequently at levels considered acceptable in anesthesia practice. The etiology
of postoperative ION remains incompletely understood. Potential strategies to avoid this
complication are discussed.
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Visual loss after nonocular surgery is rare, but it is among the most devastating injuries that a
patient may sustain.1 The most frequently reported conditions associated with postoperative
visual loss (POVL) are ischemic optic neuropathy (ION) and central retinal arterial occlusion.
2,3 The growing concern about POVL has led to establishment of the ASA Postoperative Visual
Loss Registry. Spine surgery patients are the single largest group in the Registry to date4; in
most of these cases, the diagnosis has been ION. This disturbing trend is of great concern,
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especially to neuroanesthesiologists, because of the rapidly increasing number and complexity
of spine operations in the United States.5

Two large retrospective studies have determined that the incidence of ION is approximately
1/60,000 to 1/125,000 of all anesthetics.6,7 The incidence of ION after spine surgery appears
to be greater but is difficult to define at present with accuracy because the numbers of patients
studied are small. In two retrospective reviews, 4 cases of ION were found in 3450 spine
surgeries (0.1%),8 and we reported 2 cases of ION in 3300 patients after spine surgery (0.06%).
3 A number of factors have been proposed to explain postoperative ION. These include
decreased systemic blood pressure, blood loss, anemia or hemodilution, increased intraocular
or orbital venous pressure, abnormal autoregulation in the optic nerve (ON) circulation and/or
anatomic variation in the blood supply to the ON, the use of vasopressors, the presence of
systemic disease such as hypertension, diabetes, and atherosclerosis, and retrobulbar
hemorrhage.9 It seems that one or more of these factors are often involved in an individual
patient and in an unpredictable fashion. Although case reports have suggested that ION is due
to hypotension and anemia, cases occur without these factors and occur even in patients whose
blood pressures and hematocrits (Hct) are in a range traditionally considered by
anesthesiologists to be acceptable.3,4,9,10

ION generally presents with painless visual loss, visual field deficits, and sluggish pupils. When
visual loss is asymmetric or unilateral, a relative afferent papillary defect may be present.11
Anterior ION (AION) is diagnosed when a swollen optic nerve head is seen upon funduscopic
examination at the time of symptom onset.12 In contrast, the optic disc is normal at the time
of initial presentation in patients with posterior ION (PION) because the affected area cannot
be visualized funduscopically.13 Since ION is rare and the number of cases is low at any one
institution, there are few clinical studies of this entity, and most current knowledge is derived
from case reports of isolated single cases or small series. No compilation of ION cases has
been performed to assist in determining characteristics of patients who have developed ION
after spine surgery. Large studies have described the characteristics of patients who
spontaneously developed AION (ie, not after a surgical procedure),14 but far fewer
descriptions of PION, either spontaneous or postoperative, are available. We reviewed case
reports of ION in the literature, specifically in spine surgery patients, in an attempt to synthesize
the findings and suggest areas for further study.

METHODS
A MEDLINE search was performed for case reports and observational studies on ION with an
English abstract using the terms ischemic optic neuropathy, visual loss, blindness, and spine
surgery. Our review excluded the papers in which patient data were presented in summary
fashion only.15,16

Patient demographics, perioperative factors, postoperative course, and outcome were obtained
if available. The data were organized into several main categories: type of ION, age and gender,
surgery type, perioperative events, possible risk factors and stratification of these factors,
postoperative course including time of symptom onset, ocular findings, interventional
measures, and outcome. Since baseline risk factors for ION have not been defined, we used
the risk stratification designed by Sadda et al for PION.13 These authors stratified risk based
on the number of the following baseline risk factors: hypertension, diabetes mellitus, smoking,
hypercholesterolemia, and “cardiac” and “cerebrovascular” history. Cardiac factors
encompassed coronary artery disease, congestive heart failure, or arrhythmia. Cerebrovascular
factors included history of carotid artery disease, stroke, transient ischemic events, and small
vessel disease.
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Because of the nature of observational studies, available patient data varied and, therefore, the
results are limited to the extent that information could be extracted from case reports. In Table
1, the number of cases from which the averages were calculated was included. This
consideration pertains particularly to perioperative events, including calculation of mean
arterial pressure (MAP), hemoglobin (Hgb), Hct, and blood loss and volumes transfused, for
which reporting of values was not standardized.

RESULTS
Cases were divided into AION or PION, and are summarized in Tables 1 and 2. Five cases of
AION from 3 distinct reports and 17 cases of PION from 10 distinct reports were analyzed
(see Table 1 for references). The median ages for patients who experienced AION and PION
were 53 and 43 years, respectively. All of the patients with AION underwent lumbar spine
fusion. Among PION cases, 82% followed lumbar spine fusion, with the remainder following
cervical or thoracic. Four patients in the PION group were positioned on a Wilson frame, one
on a Toronto frame; for the other 12 patients, no positioning device was described. A Relton-
Hall frame was used on one of the AION cases, but no information was provided for the 4
others.

Mean operative time was 522 minutes for AION (5 patients) and 456 minutes (13 patients).
The lowest average MAP was 66 (AION) and 64 mm Hg (PION). For AION, the range of
lowest MAP was 62 to 78 mm Hg; for PION patients, it was 52 to 85 mm Hg. In 1 AION case,
MAP was 78, and systolic blood pressure was reported at 107 mm Hg in another. In two of the
case reports of PION, intraoperative MAP was maintained at >75 mm Hg; and in a third case,
the authors stated that there was no hypotension. For AION, lowest postoperative mean Hgb
was 9.5 g/dL (4 patients; data for intraoperative Hgb were only available for 1 patient). Hct
values were reported in 11 PION patients, with a mean lowest Hct of 27% intraoperatively and
29% postoperatively, the latter representing a 34% decrease from the preoperative baseline
value. Intraoperative Hct ranged from 21% to 39%. Three patients in the PION series had
intraoperative Hct exceeding 30%. The average blood loss reported was 1.7 L (range 0.5–3 L)
and 5 L (range 0.8–16 L) for AION and PION cases, respectively. The average volume of
crystalloid/colloid solutions administered in the operating room was 6.6/0.8 L (4 patients) and
8.0/2.2 L (9 patients), for AION and PION, respectively.

Sixty percent of the AION patients had been diagnosed preoperatively with diabetes mellitus
compared with 27% of PION patients. Hypertension was present in 40% of AION and 53% of
PION cases. Coronary artery disease was present in 1 of 5 AION patients and not reported in
any of the PION cases. Risk stratification using criteria of Sadda et al13 showed that the
majority of AION cases had only one risk factor, and almost half of the PION cases had no
risk factors.

Symptoms were reported within 24 hours after surgery in 40% of AION cases; 59% of the
PION cases reported complaints immediately upon awakening from surgery and 88% were
symptomatic within 24 hours. When symptoms were reported later, it is not possible to
determine if it was symptom onset or diagnosis that was delayed. All of the PION cases, by
definition, had normal fundus examination. None of the cases reported a cherry-red macula,
which would have indicated retinal vascular occlusion. Altitudinal defects were reported in
27% of PION patients, with another 6% reporting a central scotoma.

Overall, the visual acuity improved somewhat in 60% of AION and 65% of PION cases. One
PION patient worsened over the first 2 to 3 days postoperatively. Twenty percent of AION
cases (1 patient) received high-dose steroids, whereas 29% of PION cases (5 patients) received
either high-dose steroids or had a drug-induced increase in blood pressure. The 1 case of AION
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and 4 of 5 cases of PION with intervention reported an improvement at final follow-up.
Moreover, 33% of AION cases and 58% of PION cases without intervention had improvement.

DISCUSSION
In 1995, Williams et al alerted anesthesiologists about the current state of knowledge of
postoperative ION.2 That report referenced only two case reports of ION after spine surgery.
However, it is apparent from our review of more recent case reports that ION is being
increasingly noted after spine surgery, especially complex procedures including fusion and/or
instrumentation. Moreover, cases after spine surgery currently constitute the single largest
group (67%) of patients in the POVL Registry.4 As a result of medical-legal and other
considerations, it is likely that many cases are not reported in the literature. However,
retrospective examination of case reports and review of existent case series provide the only
current sources of data. Larger and focused case-control studies and prospective examination
of risk factors will ultimately better define factors responsible for this devastating complication.
Our compilation of patient data from case reports of ION after spine surgery provides a basis
for these future studies by identifying potential factors for study.

Our review classified cases as AION or PION, and the majority of cases after spine surgery
involved PION. Spontaneous development of AION is the most frequent cause of acute optic
neuropathy in patients older than 50 years.12 The etiology of this disorder remains
incompletely understood. Hayreh postulated the existence of watershed zones and abnormal
autoregulation in the optic nerve head that may render some patients more susceptible.11,17
In addition, the presence of a small optic cup-to-disc ratio, indicating a smaller canal from
which the optic nerve exits the sclera, is also a significant risk factor.18 While studies have
suggested that patients with vascular risk factors such as diabetes and hypertension are more
likely to spontaneously develop ION, others have shown contradictory findings.14,19-21 In
postoperative patients, many cases of AION have been reported after open heart surgery, but
there have also been cases after a wide variety of other procedures.2,9

One difficulty in dividing cases into AION and PION is the diagnostic confusion in some of
the cases. Upon funduscopic examination, edema that spreads anteriorly several days after
onset of PION could be mistaken for AION. In previous reviews, this distinction has not been
made. However, although the number of cases is low, we think that until better understanding
of perioperative ION is obtained from clinical studies, it is appropriate to divide cases into
AION and PION, as the anterior and posterior optic nerve differ anatomically, and accordingly,
these two entities may well differ pathophysiologically. Indeed, neuro-ophthalmologists,
thinking that these are two distinct entities, continue to classify spontaneously developing ION
into AION or PION.13

For this review, we classified cases as AION or PION depending upon either: 1) documentation
as such in the case reports or 2) AION was defined as optic nerve edema at the time of symptom
onset, and PION as no optic nerve edema when symptoms were first reported. The presence
of a cherry-red spot would exclude patients from AION or PION as this would be a sign
diagnostic of a central retinal artery occlusion. AION must have documented disc edema at
the time of symptom onset. This edema can also precede visual loss and it persists for several
weeks after onset. PION has a normal disc in the acute period. In both diseases pallor eventually
develops after several months.

There were some differences between the two groups of patients with AION or PION, although
the small numbers of AION patients render the comparisons difficult to interpret. Blood loss
tended to be greater in the PION cases. Symptom onset was within 24 hours in nearly all PION
cases, but AION did occur beyond the first 24 hours in 60% of the cases. A history of
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hypertension was present in about one half of AION or PION patients. Diabetes was found in
only 25% of PION cases and in 3 of 5 AION patients.

The increasing number of reports of ION after spine surgery raises the obvious question of
what factors specific to spine surgery might be associated with ION. The cases reported tended
to be long operative procedures in the prone position, involving hypotension, hemodilution or
anemia, blood loss, and infusion of large amounts of intravenous fluids. Intraoperative MAP
averaged 65 or 66 mm Hg in the case reports, compared with baseline MAP in the mid 90s.
The baseline MAPs are less reliable because they were generally not indicated in the reports.
Intraoperative Hct averaged 29% compared with baseline of 42% in the PION patients.
Comparison with AION patients is not possible because Hct and Hgb were generally not
reported. The decrease in MAP and in Hgb/Hct is consistent with the practice in many centers
of mild to moderate deliberate hypotension as well as mild to moderate hemodilution to
decrease blood loss and blood usage in major spine surgery; both have been speculated to be
associated with ION through as yet unknown mechanisms. In this review, not every patient
sustained hypotension or anemia in the intraoperative or postoperative period, and levels of
hypotension would generally be considered moderate. This suggests that other factors may be
involved in the development of ION. We also noted that patients had significant intraoperative
blood loss averaging 1.7 and 5 L for AION and PION patients, respectively. This finding is
consistent with the one case-control study to date on postoperative visual loss after spine
surgery. Although this study also included patients with visual loss due to retinal vascular
occlusion, ION patients predominated, and the ION subgroup was reported to have no
differences in intraoperative blood pressure from controls. Patients with postoperative visual
loss had significantly greater intraoperative blood loss compared with unaffected patients, and
no differences in lowest intraoperative Hct or systemic blood pressure.16

Large amounts of crystalloid and colloid solutions were infused in both the AION and PION
cases, a factor that, to date, has received little attention in the literature.22 In the prone position,
fluid may collect in the regions surrounding the optic nerve, and over time, large fluid infusions
may increase venous pressure and decrease perfusion pressure. Combined with other factors
such as decreased blood pressure, ischemic injury of the optic nerve may result. This theory
has, however, not yet been studied. During surgery in the prone position, it has been shown
that intraocular pressure (IOP) increases over time.23 The relationship between increased IOP
and ION in the perioperative period remains obscure; the increase may simply be a surrogate
marker. However, it has been suggested that increased IOP reflects, at least in part, the increased
venous pressure within the eye, perhaps resulting from perioperative infusion of large
quantities of fluid.24

Our review of cases did not address the use of various frames to position the patients for surgery,
or the use of any specific headrests, because in most cases, details of positioning were missing.
Positioning the head below the level of the body could also increase IOP and enhance fluid
collection around the optic nerve. When a patient is positioned on a Wilson frame, the head
tends to be lower than the body, especially when the frame is elevated to maximal or near-
maximal height. Also, compression of the abdomen, particularly in obese patients positioned
in some types of frames, potentially could increase venous pressure further. We are unable to
assess the impact of obesity since body weights were generally not reported.

This retrospective review of case reports of ION after spine surgery cannot determine the cause
(s) of the visual loss. There is no comparison group of patients undergoing the same surgery
who did not sustain ION. Long surgery, hypotension, hemodilution, and administration of large
amounts of intravenous fluids are common occurrences during spine surgery. In addition, our
conclusions are limited by the accuracy of the information reported by the authors of the case
reports. In some instances, values for blood pressure and Hgb/Hct were not provided. Only
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one case report included the duration of hypotension and hemodilution. The length of time that
these alterations are present remains an unknown influence upon the occurrence of
perioperative ION.

In summary, review of recent case reports of ION after spine surgery suggests that both AION
and PION, often bilateral, continue to occur in patients with few vascular risk factors. In most
cases, especially with PION, visual loss almost always is apparent within the first 24 hours
after surgery. The length of surgery, levels of hypotension and hemodilution, as well as
quantities of fluid and blood administered generally fell into a range typically encountered by
anesthesiologists caring for these patients. While the necessity to maintain perfusion pressure
in the optic nerve is self-evident, whether deliberate hypotension should be used in spine
surgery remains controversial. On the basis of these reports, we recommend that
anesthesiologists establish a protocol for management of blood pressure and blood and fluid
replacement in consultation with their spine surgeons, and decide whether indications for
deliberate hypotension outweigh the potential risks. In addition, positions that cause the head
to be below the level of the body or that compress the abdomen or chest should be avoided.
While not the decision of the anesthesiologist alone, staging of long complex procedures, eg,
anterior-posterior spinal fusions, seems a reasonable alternative to decrease blood loss and
fluid requirements.
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