EDITORIAL VIEWS

Cracking Open the Door on Perioperative Visual Loss

ARE events are nearly im-

possible to study. There of-
ten simply are not enough of them
to consolidate into meaningful
case series, and information from
these scarce occurrences is not suf-
ficient to allow anything except
very minimal analyses. Therefore,
we are typically left with only con-
jecture on etiologies that may have
prompted the rare events. That
conjecture causes all sorts of prob-
lems, with “experts” claiming their
own versions of potential etiolo-
gies and, sad to say, chastising col-
leagues in medicolegal cases for
not providing the experts’ theoret-
ical standards of care that would
have avoided the rare events. This
rare event scenario has been partic-
ularly true during the past decade
for blindness that develops after
spine fusion surgery. Fortunately,
in this issue of ANESTHESIOLOGY,
The Postoperative Visual Loss
Study Group provide us with a
novel application of several methodologies that allows them
to detect important risk factors for ischemic optic neuropathy
(ION) in spine fusion patients and to speculate on potential
etiologies of this devastating perioperative complication.

The authors have taken events in the American Society of
Anesthesiologists’ Postoperative Visual Loss Registry and
used them as cases in a large 1:4 case-control study. In this
study, controls were obtained from 17 medical centers that
perform large volumes of spine fusion surgery. The blending
of a case series (registry) and a multicenter case-control meth-
odology is unique, allowing the authors to develop analyses
for risk factors associated with perioperative ION and this
type of surgery. The authors were careful in the construction
of their methodology. For example, they matched out only
one variable: cases and controls had to share the same year of
surgery to avoid potential changes in practice over time in-
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“Until now,
been no data to support
speculation on etiologies of
[ischemic optic neuropathy]
in this setting.”

fluencing the outcomes. Their
study design did, however, require
similar criteria for inclusion; thus,
all patients were adults, had anes-
thetic for longer than or equal to
4 h, and were placed in prone po-
sitions for at least a portion of their
procedures. These inclusion crite-
ria prevented analyses of several
important questions (e.g., odd ra-
tios for prone vs. other positions
such as lateral or supine in spine
fusion surgery) or limited the
power of analyses for others (e.g.,
odd ratios for the full range of an-
esthetic durations).

While the authors found six
risk factors associated with ION in
the registry population, half of
these strongly support their specu-

there have

lation that acute venous conges-
tion of the optic canal is a potential
etiology of ION in this setting.
The use of a Wilson surgical bed
frame, with its increased curvature
resulting in the head being lower
than the heart; obesity, with its potential elevation of intra-
abdominal pressure in prone-positioned patients; and long
anesthetic durations can all contribute to increased venous
congestion in the optic canal and potentially reduce optic
nerve perfusion pressure. Unfortunately, the study’s retro-
spective methodology did not allow the authors to consider
how patient tilt (e.g., head down vs. other positions) may
have played a role.

The authors also found that increased estimated blood
loss, male gender, and lower percent of colloid administra-
tion were independently associated with the development of
ION after spinal fusion surgery. They offer insights as to how
these may or may not be clinically important. Their specula-
tion on why 69% of the blindness cases occurred in men,
when there were similar proportions of men and women in
the controls who underwent spine fusion surgeries, is partic-

@ This Editorial View accompanies the following article: The
Postoperative Visual Loss Study Group: Risk factors associ-
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ularly interesting. They note that there is evidence estrogen
may provide a neuroprotective effect.

A factor in perioperative neuropathies not studied exten-
sively, but one that the authors tangentially mention in this
blindness report, is systemic inflammation. A number of
perioperative events trigger significant systemic inflamma-
tion and immunosuppression (e.g., venous congestion,2
blood transfusions, inhaled anesthetics®). Until recently, no
one linked perioperative neuropathies, including ION, to
systemic inflammation. In 2010, however, Staff ez al.’ re-
ported on 33 patients with prolonged postoperative ulnar
neuropathy. Sural nerve biopsies in 21 of these patients dem-
onstrated epineuronal inflammation. Intensive immuno-
therapy in 17 of these 21 patients resulted in significant
resolution of neurologic impairment (P2 < 0.001). Over
time, investigators will have to learn what role, if any, an
inflammatory response, either locally or systemically, plays in
ION in this setting.

It is ironic that many “experts” in medicolegal cases in-
volving perioperative blindness in spine surgery patients are
absolutely sure that they know why these patients develop
their vision loss. They often speak of substandard care pro-
vided by the defendant anesthesiologist, frequently noting
that intraoperative anemia or episodes of hypotension reflect
poor anesthetic care. The Postoperative Visual Loss Study
Group did not find an independent effect of intraoperative
anemia or blood pressure more than 40% below baseline for
30 congruent or additive minutes. Case reports and case
series, the only clinical data available on this rare event until
the current study, do not provide sufficient data to allow
analyses of these two oft-cited intraoperative variables. For
now, we can be thankful to the authors that they have pro-
vided data that raise doubt as to the veracity of standard of
care claims by “experts” on these two issues and have offered
us constructive ideas to study as we search for ways to reduce
the incidence of this catastrophic problem.

How should we use the information from the report by
The Postoperative Visual Loss Study Group in our care of
patients? The results suggest that the American Society of
Anesthesiologist’s 2006 Practice Advisory® on this issue is
still relevant. Basically, it is prudent to attempt to reduce
venous congestion in the optic canal. That is, we should
consider using positions that allow the patients’ heads to be
level with or higher than their hearts. It may be helpful to use
colloids as well as crystalloids to maintain intravascular vol-
ume. Intraoperative positioning that helps reduce intraab-
dominal pressure and, therefore, venous congestion, may be
useful. The use of the Wilson frame and other positioning
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devices should be assessed carefully, with a goal to reduce
pressure on the abdomen and to keep the head level with or
higher than the heart. Since the authors found duration of
anesthesia to be an independent risk factor for ION in this
population, it may be prudent to work with our spine sur-
geons to determine if there is merit to limiting the duration
of surgeries that are anticipated to be prolonged, especially
6 h or longer. Staging these procedures may be helpful.

For clinical researchers, this report suggests many new
questions for study. Until now, there have been no data to
support speculation on etiologies of ION in this setting. Can
we determine the role that inflammation may play in peri-
operative ION? What really happens in the optic canal dur-
ing these surgeries? Does venous congestion occur, and does
it reduce optic nerve perfusion? Can we develop radiologic
techniques or biologic/physiologic markers to study the optic
nerve and canal in prone-positioned patients? Is there an
impact of estrogen or other hormones on the development
(and therefore, potentially the prevention) of central or pe-
ripheral neuropathies? Can new spine fusion techniques and
intraoperative positioning mechanics impact optic nerve per-
fusion or reduce operative times and blood loss?

The lead authors and the many contributors to this study
deserve our congratulations for creatively providing insights
that finally allow us to move forward with additional studies.
They have opened the door, even if only a crack. Their work
offers hope that we may one day reduce or eliminate periop-
erative blindness in spine surgery patients.

Mark A. Warner, M.D., Department of Anesthesiology,
Mayo Clinic, Rochester, Minnesota. warner.mark@mayo.edu
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PERIOPERATIVE MEDICINE

Risk Factors Associated with Ischemic Optic Neuropathy

after Spinal Fusion Surgery

The Postoperative Visual Loss Study Group*

ABSTRACT

Background: Perioperative visual loss, a rare but dreaded
complication of spinal fusion surgery, is most commonly
caused by ischemic optic neuropathy (ION). The authors
sought to determine risk factors for ION in this setting.

Methods: Using a multicenter case-control design, the au-
thors compared 80 adult patients with ION from the Amer-
ican Society of Anesthesiologists Postoperative Visual Loss
Registry with 315 adult control subjects without ION after
spinal fusion surgery, randomly selected from 17 institu-
tions, and matched by year of surgery. Preexisting medical
conditions and perioperative factors were compared between

* Members of The Postoperative Visual Loss Study Group are
listed in the appendix.
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What We Already Know about This Topic

* Visual loss after spinal fusion surgery is a devastating compli-
cation most commonly caused by ischemic optic neuropathy
(ION)

* The risk factors for ION after spinal fusion surgery have not
been systematically evaluated with detailed perioperative data

What This Article Tells Us That Is New

* In a case-control examination of 80 patients with ION com-
pared with 315 matched control subjects, independent risk
factors were male sex, obesity, Wilson frame use, longer an-
esthetic duration, greater estimated blood loss, and lower
percent colloid administration

patients and control subjects using stepwise multivariate
analysis to assess factors that might predict ION.

Results: After multivariate analysis, risk factors for ION
after spinal fusion surgery included male sex (odds ratio [OR]
2.53, 95% CI 1.35-4.91, P = 0.005), obesity (OR 2.83,
95% CI 1.52-5.39, P = 0.001), Wilson frame use (OR 4.30,
95% CI 2.13-8.75, P < 0.001), anesthesia duration (OR
per 1 h = 1.39,95% CI 1.22-1.58, P < 0.001), estimated
blood loss (OR per 11 = 1.34, 95% CI 1.13-1.61, P =
0.001), and colloid as percent of nonblood replacement (OR
per 5% = 0.67, 95% CI 0.52-0.82, P < 0.001). After
cross-validation, area under the curve = 0.85, sensitivity =
0.79, and specificity = 0.82.

Conclusions: This is the first study to assess ION risk fac-
tors in a large, multicenter case-control fashion with detailed
perioperative data. Obesity, male sex, Wilson frame use, lon-

< This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.
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ger anesthetic duration, greater estimated blood loss, and
decreased percent colloid administration were significantly
and independently associated with ION after spinal fusion

surgery.

LTHOUGH many patients have improved quality of

life and function with instrumented spinal fusion sur-
gery, the procedure is often associated with large blood loss,
long operative duration, and other complications."* One of
the most devastating complications is postoperative visual
loss (POVL), frequently caused by ischemic optic neuropa-
thy (ION).? Visual deficits range from blurred vision to com-
plete blindness, usually without significant recovery.* Esti-
mates of ION after prone spinal fusion surgery from
multicenter or national databases range from 0.017% to
0.1% (direct or derived estimates®), and the condition can
occur in healthy individuals of all ages. Suggested factors
associated with ION include anemia, hypotension, blood
loss, large fluid shifts, venous congestion of the orbits, and
coexisting diseases such as atherosclerotic vascular disease,
diabetes, obesity, and hypertension.” These factors are also
common in patients who have undergone spinal fusion and
who do not develop ION, and hence it has not been possible
to determine whether they have a causative role in this
complication.

Prior studies of ION after spine surgery have been hin-
dered either by small numbers of similar patients with ION
from single institutions, or by lack of detailed perioperative
data from national inpatient databases.” ® The American
Society of Anesthesiologists (ASA) POVL Registry database
contains the largest collection to date of ION cases associated
with spine surgery with detailed anesthetic and postoperative
data.* Anesthetic records provide frequent intraoperative val-
ues for physiologic parameters, fluid and blood product
transfusion management, and timing of events. An analysis
of the initial 83 ION cases reported to the ASA POVL Reg-
istry demonstrated that these cases were characterized by pro-
longed duration in the prone position and large blood loss;
however, the lack of a control group prevented identification
of risk factors.* We used the ION cases associated with prone
spine surgery from the ASA POVL Registry in a multiinsti-
tutional case-control study to identify risk factors for this
devastating perioperative complication.

Materials and Methods
Study Design

The study design was muldinstitutional case control, in
which preexisting conditions and perioperative factors of pa-
tients with ION after spinal fusion from the ASA POVL
Registry (n = 80) were compared with control subjects who
did not develop ION (n = 315). Institutional review board
approval was obtained from the University of Washington

t http://depts.washington.edu/asaccp/eye/providers/packet.
pdf. Accessed August 28, 2011.

Anesthesiology 2012; 116:15-24

16

Risk of Ischemic Optic Neuropathy in Spine Surgery

and from all participating centers. ION cases from the ASA
POVL Registry were collected by voluntary submission us-
ing a detailed data collection form.*t For the purpose of this
analysis, inclusion criteria for ION cases from the ASA
POVL Registry were: age =18 yr, spine fusion as the first or
only spine surgery on index admission, surgery date between
1991 and 2006, prone position for a portion of the proce-
dure, anesthetic duration =4 h, and surgical site that in-
cluded any of the interspaces T1 through S5. Exclusion cri-
teria were any history of perioperative cardiopulmonary
resuscitation or cerebrovascular stroke; multiple (staged)
spine procedures preceding ION on the index admission,
and inadequate/incomplete data. A total of 80 ION cases
from the ASA POVL Registry met inclusion and exclusion
criteria.

Control subjects were selected from 17 academic medical
centers that perform a large volume of spine fusion surgery
using the following Current Procedural Terminology codes:’
22610 (arthrodesis, posterior or posterolateral, single level;
thoracic), 22612 (arthrodesis, posterior or posterolateral, sin-
gle level; lumbar), 22614 (arthrodesis, posterior or postero-
lateral, single level; each additional vertebral segment),
22630 [arthrodesis, posterior or interbody technique, in-
cluding laminectomy or diskectomy, to prepare interspace
(other than for decompression) single interspace; lumbar],
22632 [arthrodesis, posterior or interbody technique, in-
cluding laminectomy or diskectomy, to prepare interspace
(other than for decompression), each additional interspace],
22800 (arthrodesis, posterior, for spinal deformity, with or
without cast; up to 6 vertebral segments), 22802 (arthrode-
sis, posterior, for spinal deformity, with or without cast
7—12 vertebral segments), 22804 (arthrodesis, posterior, for
spinal deformity, with or without cast; 13 or more vertebral
segments), 22842 (posterior segmental instrumentation;
3—6 vertebral segments), 22843 (posterior segmental instru-
mentation; 7—12 vertebral segments), 22844 (posterior seg-
mental instrumentation; 13 or more vertebral segments),
22848 [pelvic fixation (attachment of caudal end of instru-
mentation to pelvic bony structures) other than sacrum],
22849 (reinsertion of spinal fixation device), 22850 (removal
of posterior nonsegmental instrumentation, e.g., Harrington
rod), and 22852 (removal of posterior segmental instrumen-
tation). A total of 43,410 control subjects were identified
with eligible Current Procedural Terminology codes for the
control database. Four control subjects per ION case were
randomly selected from this control database and matched
by year of surgery to the eligible cases. (Matching by year of
surgery was not used in the analysis but was conducted for
sample selection to mirror possible practice changes in spinal
fusion surgery that may have occurred during the study pe-
riod). After selection, medical records of control subjects
were checked for the same inclusion/exclusion criteria as
ION cases. In addition, control subjects were excluded for
any new perioperative complaint of visual disturbance (ex-
cepting isolated corneal abrasion).

The Postoperative Visual Loss Study Group
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For each control subject designated to be drawn from a
center, an additional seven replacements were randomly se-
lected from the same center from the pool of control subjects
matched to the case. Replacement control subjects were se-
lected sequentially by each center if the initial control subject
did not meet all study criteria, so that the next randomly
selected control subject would be included. In the event all
replacements were exhausted at a center without meeting
study criteria, replacement control subjects were randomly
selected from the entire control database, matched by year of
surgery to the ION case. A total of 160 control records (50%
of the randomly selected control subjects) met all inclusion/
exclusion criteria on the first match; the remainder were ab-
stracted from replacements. The most commonly encoun-
tered inclusion criteria not met by the first matches were
surgical procedure criteria such as surgical site, prone posi-
tion, duration, and age. The most common exclusion criteria
necessitating replacement selection were missing records and
staged procedures. Five of 320 control subjects submitted
were excluded from the study for failure to meet study crite-
ria during final assessment, leaving 315 control subjects for
comparison.

To prevent any one or two centers from dominating the
control group, each center was limited to contributing up to
50% more than or 10 patients more than (whichever was
larger) its expected total contribution based on caseload for
all years combined. Similarly, to avoid random exclusion of
centers, each center was required to contribute a minimum of
half its expected proportion based on caseload, or a mini-
mum of one control case, whichever was smaller. The centers
provided an electronic roster of eligible control subjects
along with the required matching data (year of surgery). We
randomly selected four control subjects (and seven potential
replacements randomly selected from the same center) for
each case from the pool of control subjects matched to the
case. We compared the percentage distribution of the se-
lected control subjects with the corresponding percentage
distribution of eligible control subjects per year and center in
the electronic roster to verify similarity of the distributions. If
any center had a disproportionate excess or deficit of control
subjects, then the sampling process was repeated until an
acceptable distribution of controls was obtained.

A subset of patient and perioperative factors from the data
available from the ASA POVL Registry was compared be-
tween ION cases and control subjects. These factors were
hypothesized to be possibly associated with ION. Patient
preexisting conditions included age, sex, and the following
comorbidities: hypertension, diabetes, smoking, atheroscle-
rosis (any coronary artery disease/myocardial infarction, or
cerebrovascular disease), and obesity (defined by either clin-
ical assessment or body mass index =30). Other patient fac-
tors examined included fusion location (lumbar »s. nonlum-
bar), indication for surgery (tumor, trauma, or other), and
clinic blood pressure. Predetermined procedural factors in-
cluded type of surgical frame, number of levels of fusion, and
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the headrest type. Potentially modifiable intraoperative pro-
cedural factors included anesthetic duration and estimated
blood loss (EBL). Potentially modifiable intraoperative man-
agement factors included decrease in blood pressure (mea-
sured as reduction for a minimum of 30 consecutive or non-
consecutive min in the following ranges: 0-20% below
baseline; 21-40% below baseline; and >40% below clinic
baseline for either systolic blood pressure or mean arterial
pressure), lowest hematocrit, fluid management variables
(total volume replacement [all blood products, crystalloid,
and colloid], total nonblood product replacement [crystal-
loid and colloid], total volume replacement:EBL ratio, and
colloid [hydroxyethyl starch or albumin] as percent of total
nonblood replacement), and use of vasopressors.

Data from the ION cases from the ASA POVL Registry
with a high proportion of missing values such as increased
cholesterol/lipids, tilt of surgical table, facial swelling, airway
edema, and other factors, or undefined variables such as de-
liberate hypotension with wide interpretation were not in-
cluded in this analysis. Similarly, factors such as cardiopul-
monary bypass, use of cyclosporine, and primary anesthetic
technique (general, regional, or monitored anesthesia care)
that were not relevant for major spinal surgery were not
included in this analysis. Factors with very low incidence (less
than 5%) in patients and control subjects such as glaucoma,
cataracts, macular degeneration, hypothermia, and seizures
were also not included in this analysis.

Statistical Analysis

Univariate analysis of the association between patient and
perioperative factors and the risk of developing ION was
carried out using logistic regression (table 1). The effect of
each factor is presented as the odds ratio (OR) from the
logistic regression with the corresponding 95% CI and P
value. A cutoff of P < 0.2 was used as a filter for determining
appropriate factors for the multivariate analysis.

For the multivariate analysis, preexisting conditions and
perioperative factors were grouped into stages according to
their modifiability and role in the surgery (table 1). The
stages form a sequence, starting with preexisting conditions
(stage 1); predetermined procedural factors (stage 2), poten-
tially modifiable intraoperative procedural factors (stage 3),
and potentially modifiable intraoperative management fac-
tors (stage 4). Correlation coefficients were determined be-
tween potentially interrelated perioperative factors (table 2).
The multivariate model was built using the four stages of
variables in sequence (table 3). Initially, stage 1 variables with
P < 0.2 in the univariate analysis were considered for inclu-
sion. Next, additional variables with P < 0.2 were selected
from stage 2, then sequentially from stages 3 and 4. Variables
were selected using the forward stepwise selection technique
with 2 < 0.05 for inclusion in the model. Variables selected
in previous stages were retained in the model. At the end of
each stage, we assessed two-way interactions among all vari-

The Postoperative Visual Loss Study Group
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Table 1. Univariate Analysis of Coexisting Conditions and Perioperative Factors

No. Controls Cases
Controls/ Mean + SD or Mean + SD or P
Stage* Cases n (%) Positive n (%) Positive OR (95% ClI) Value
Stage 1: Preexisting Conditions
Age (yr), OR per 10 yr 315/80 51.6 = 17.0 51.3 + 13.2 1.00 (0.98-1.01) 0.9
ASA 1and 2 vs. 3and 4 314/78 115 (37%) 25 (32%) 0.82 (0.48-1.37) 0.5
Male 315/80 145 (46%) 55 (69%) 2.58 (1.55-4.41) <0.001
Obesity 309/80 108 (35%) 43 (54%) 2.16 (1.32-3.57) 0.002
Diabetes 309/80 25 (8%) 13 (16%) 2.20 (1.04-4.47) 0.03
Smoking 310/79 161 (52%) 39 (49%) 0.90 (0.55-1.48) 0.7
Hypertension 314/80 114( 6%) 38 (48%) 1.59 (0.97-2.61) 0.07
Atherosclerosis 311/79 41 (13%) 6 (8%) 0.54 (0.20-1.24) 0.2
Clinic systolic BP (mm), OR per 20 mm 314/79 132 =19 136 = 17 1.27 (0.97-1.66) 0.08
Clinic MAP (mm), OR per 20 mm 314/79 95 = 13 97 =10 1.36 (0.90-2.04) 0.14
Lumbar location (Yes/No) 315/77 281 (89%) 70 (91%) 1.21 (0.54-3.08) 0.7
Year of surgery, OR per yr 315/80 2,000 (3) 2,000 (3) 1.00 (0.92-1.09) 0.99
Stage 2: Predetermined Procedural Factors
No. of fusions, OR per three fusions 310/76 32+26 3.6 + 3.1 1.18 (0.91-1.52) 0.2
Frame — — <0.001
Jackson 315/80 141 (45%) (29%) Reference —
Wilson 315/80 43 (14%) 31 (39%) 4.42 (3.25-8.45) <0.001
Neither Jackson nor Wilson 315/80 131 (42%) 26 (32%) 1.22 (0.66-2.25) 0.5
Mayfield pins or Gardner-Wells Tongs 315/80 44 (14%) 5 (19%) 1.42 (0.75-2.71) 0.3
Stage 3: Potentially Modifiable Intraoperative Procedural
Factors
Anesthesia duration (h), OR per 1 h 315/80 7124 9.6 = 3.0 1.37 (1.25-1.51) <0.001
Estimated blood loss (1), OR per 1| 313/80 14+14 3.1x£35 1.43 (1.27-1.65) <0.001
Stage 4: Potentially Modifiable Intraoperative
Management Factors
BP >40% below baseline 30 min 314/79 56 (18%) 23 (29%) 1.93 (1.09-3.38) 0.02
Lowest intraoperative HCT (%), OR per 5% 231/58 29.2 =56 273 4.6 0.72 (0.54-0.95) 0.02
Vasopressors during maintenance 315/80 114 (36%) 26 (32%) 0.85 (0.50-1.42) 0.5
Total volume replacement (I), OR per 1 | 315/79 6.0 = 3.3 11.6 £ 6.5 1.30 (1.22-1.40) <0.001
Total volume replacement/EBL ratio 313/79 6.5+43 6.8 + 8.4 1.01 (0.96-1.05) 0.7
Crystalloid as % of total volume replacement, OR per 10% 315/79 84.6 = 15.8 84.3 = 12.0 0.99 (0.84-1.17) 0.9
Total nonblood replacement (l), OR per 1 | 315/79 53+25 9.7 =45 1.49 (1.36-1.65) <0.001
Colloid as % of nonblood replacement, OR per 5% 315/79 812 4+6 0.78 (0.65-0.92) 0.005

Blood pressure (BP) >40% below baseline 30 min denotes 40% reduction below baseline BP, for either systolic BP or MAP, for =30
min. Total volume replacement is defined as all blood products, crystalloid and colloid administered. Total nonblood replacement is
defined as the sum of crystalloid, hydroxyethyl starch, and albumin administered. Colloid is defined as the sum of hydroxyethyl starch
and albumin administered. Atherosclerosis is defined as any history of myocardial infarction/cardiovascular or cerebrovascular disease.

* The four groups of variables correspond to the four stages described in the text.

ASA = American Society of Anesthesiologists Physical Status 1-6, a physical status classification based on condition of the patient
independent of the planned operation, where ASA 1 is a normal healthy patient; ASA 2, a patient with mild systemic disease that results
in no functional limitation; ASA 3, a patient with severe systemic disease that results in physical limitation, ASA 4, a patient with severe
systemic disease that is a constant threat to life; ASA 5, a moribund patient who is not expected to survive without the operation; ASA
6, a declared brain-dead patient for organ donation; EBL = estimated blood loss; HCT = hematocrit; MAP = mean arterial pressure;
OR = odds ratio.

ables already in the model and added any interactions with  calculated. Unless noted otherwise, AUC, sensitivity, and
P < 0.01 to the model. specificity are from the cross-validation.

Alternative multivariate models were constructed by re- The ORs from the final multivariate model and the ION
peating the four-stage variables selection process, butat each  rates of 0.017% and 0.1% from the literature were used as a
stage we used backward elimination variable selection tech-  basis to estimate a range of absolute ION rates for patients with

nique (P > 0.05 for exclusion) instead of forward stepwise  a specified risk factor profile.>” In calculating the absolute ION
selection. We calculated area under the receiver operating  rates, our control group was assumed to be representative of the
characteristic curve (AUC), and sensitivity and specificity for ~ population to which the absolute rate of 0.017% (or 0.1%)

the model completed after each stage. A sensitivity and spec-  applied. Using the multivariate model, an absolute rate of ION
ificity combination was selected to maximize the sum of sen-  can be calculated corresponding to the risk factor profile for each
sitivity and specificity. Two tenfold cross-validations, one for ~ patient in the control group. We multiplied all these rates by a
the forward stepwise and one for the backward elimination ~ common factor to force the average rate in the control group to
variable selection technique, were conducted to validate the ~ be equal to either 0.017% or 0.1%.

model-building process. AUC, sensitivity, specificity, and The value P < 0.05 was used to denote statistical signif-
frequency of variable selection in the cross-validation were  icance. Calculations were carried out in R version 2.12.0
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Table 2. Pearson Correlation Coefficients among Intraoperative Variables

No.Controls/ P
Variables Compared Cases Correlation Value

Obesity and diabetes 303/80 0.19 <0.001
Total volume replacement and anesthesia duration 315/79 0.70 <0.001
Total volume replacement and EBL 313/79 0.75 <0.001
Total nonblood replacement and anesthesia duration 315/79 0.71 <0.001
Total nonblood replacement and EBL 313/79 0.63 <0.001
Total blood replacement and EBL 313/79 0.80 <0.001

Colloid as % of nonblood replacement and anesthesia duration 315/79 0.08 0.13
Colloid as % of nonblood replacement and EBL 313/79 0.14 0.008
Anesthesia duration and EBL 313/80 0.50 <0.001
Lowest HCT and EBL 229/58 -0.36 <0.001
Lowest HCT and anesthesia duration 231/58 -0.33 <0.001
Lowest HCT and total volume replacement 231/57 —0.42 <0.001
Lowest HCT and total nonblood replacement 231/57 -0.37 <0.001

BP >40% below baseline 30 min and anesthesia duration 315/78 0.07 0.14
BP >40% below baseline 30 min and EBL 313/78 0.20 <0.001

Blood pressure (BP) >40% below baseline 30 min denotes 40% reduction below baseline BP for either systolic BP or mean arterial
pressure, for =30 min. Correlation coefficients of potentially interrelated perioperative variables. Because of the high correlation of total
nonblood volume and total volume replacement variables with anesthesia duration or estimated blood loss (EBL), colloid as percent of
nonblood replacement was chosen as the volume variable considered in stage 4 of the multivariate analysis.

HCT = hematocrit.

(Vienna, Austria). The sample size was selected to provide
80% power at P < 0.05 with two-sided tests to detect an OR
of 1.4 (or larger), corresponding to a 1 SD increase in the
covariate for continuous variables.

Results

Univariate Analysis

In the univariate analysis, male sex, obesity, diabetes, use of the
Wilson frame, anesthesia duration, EBL, and blood pressure
more than 40% below baseline values for =30 min were asso-
ciated with a significantly increased risk of ION (table 1). There
were no statistically significant associations of case/control status
with age, ASA physical status, other preexisting conditions, type
of headrest, number of levels fused (table 1), or with indication
for surgery (tumor, trauma, or other diagnosis; results not
shown).

Higher nadir hematocrit was associated with a decreased
risk of developing ION (table 1). This comparison excludes
approximately 100 surgeries with unavailable hematocrit
data, but there was no statistically significant difference in
the risk of ION between those with and those without he-
matocrit data (2 = 0.9). Higher total volume replacement
and total nonblood replacement conferred an increased risk
of developing ION, but the percent crystalloid in the total
volume replacement and the total volume replacement to
EBL ratio had no statistically significant effect (table 1). The
colloid as percent of total nonblood volume replacement was
associated with a reduced risk of developing ION (table 1),
although most (more than 93%) of control subjects did not
exceed 1,500 ml colloid.

Colloid as percent of total nonblood replacement was
only weakly correlated with anesthesia duration and EBL,
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whereas total volume and total nonblood volume variables
were highly correlated with these variables (table 2).

Multivariate Regression Model

The final multivariate model after the four stages of the step-
wise selection contained the risk factors of male sex (OR
2.53, 95% CI 1.35-4.91, P = 0.005), obesity (OR 2.83,
95% CI 1.52-5.39, P = 0.001), Wilson frame (OR 4.30,
95% CI 2.13-8.75, P < 0.001), anesthetic duration (OR
1.39 per 1 h,95% CI 1.22-1.58, P< 0.001), EBL (OR 1.34
per 11, 95% CI 1.13-1.61, P = 0.001), and colloid as
percent of total nonblood replacement (OR 0.67 per 5%
colloid, 95% CI 0.52—-0.82, P < 0.001) (table 3 cross-vali-
dated AUC = 0.85, and fig. 1). During cross-validation
analysis, the number of fusions came into every model in
stage 2; however, it became a nonsignificant predictor (P =
0.7—-1.0) when anesthetic duration and EBL were added later
in stage 3. Number of fusions appears to be a surrogate
marker for anesthesia duration and EBL, which are the sig-
nificant predictors in the model. Two alternative multivar-
iate models were considered, using alternative fluid re-
placement variables and an interaction factor for variables
in stage 4 (see tables 1 and 2, Supplemental Digital Con-
tent 1, htep://links.lww.com/ALN/A793, which are tables
showing alternative multivariable models for predicting
ION that include the total nonblood replacement variable
and interaction factor for total nonblood replacement:
anesthesia duration in stage 4).

Using the final multivariate forward selection stepwise
model in table 3, and using an ION incidence of either 0.017%
or 0.1%, the absolute and relative risk of patients developing
ION was calculated based on the presence of one or more risk
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Table 3. Multivariate Regression Analysis

*

Risk of Ischemic Optic Neuropathy in Spine Surgery

Stage 1 Model

Stage 2 Model
Predetermined Procedural

Stage 3 Model
Potentially Modifiable
Intraoperative Procedural

Stage 4 Model
Potentially Modifiable
Intraoperative Management

Preexisting Conditions Factors Factors Factors
OR P OR P OR P OR P
— (95% ClI) Value (95% ClI) Value (95% ClI) Value (95% ClI) Value
Male 2.80 (1.66-4.85) <0.001 2.49 (1.46-4.37) 0.001 2.72 (1.47-5.18) 0.002 2.53 (1.35-4.91) 0.005
Obesity 2.38 (1.43-3.99) <0.001 2.07 (1.22-3.53) 0.007 2.35(1.30-4.32) 0.005 2.83 (1.52-5.39) 0.001
Wilson — — 3.40 (1.90-6.06) <0.001 4.87 (2.48-9.68) <0.001 4.30 (2.13-8.75) <0.001
Anesthesia duration — — — — 1.32 (1.18-1.50)  <0.001 1.39 (1.22-1.58)  <0.001
(hr), OR per
1h
Estimated blood — — — — 1.31 (1.12-1.54) <0.001 1.34 (1.13-1.61) 0.001
loss (l), OR per
11
Colloid as % of — — — — — — 0.67 (0.52-0.82) <0.001
nonblood
replacement, OR
per 5%
AUC (all data/ 0.64/0.60 — 0.71/0.71 — 0.85/0.83 — 0.87/0.85 —
cross-validation)
Sensitivityt (all 0.69/0.36 — 0.55/0.63 — 0.85/0.88 — 0.81/0.79 —
data/cross-
validation)
SpecificityT (all 0.54/0.86 — 0.80/0.73 — 0.73/0.65 — 0.82/0.80 —
data/cross-
validation)

* Only variables with P < 0.2 in the univariate analysis (table 1) were considered. Selection criterion: P < 0.05. At the end of each stage,
interactions were tested for variables in the model and were added if P <0.01 (no interactions in this model had P values <0.01). The same
model was derived using backward elimination (P > 0.05 for exclusion). The following variables were considered: stage 1: sex, obesity,
diabetes, hypertension, atherosclerosis, clinic systolic blood pressure, clinic mean arterial blood pressure; stage 2: Wilson frame; stage 3:
anesthesia duration and estimated blood loss, stage 4: lowest intraoperative hematocrit, systolic or mean arterial blood pressure >40%
below baseline 30 min, and colloid as percent of nonblood replacement. Because of the high correlation with anesthesia duration, estimated
blood loss, total volume replacement and total nonblood replacement variables (table 2), colloid as percent of nonblood replacement was
chosen as the volume variable considered in stage 4 of the multivariate analysis (see Discussion). Alternative multivariate models including
total nonblood replacement in stage 4 are shown in Supplemental Digital Content 1, tables describing these models, http://links.lww.com/
ALN/A793. 1 This combination of sensitivity and specificity optimizes the sum of the two. Other combinations can be calculated with
trade-offs between better/worse sensitivity combined with worse/better specificity, respectively.

AUC = area under the curve; OR = odds ratio.

factors (table 4). This table can be used to evaluate the increased
absolute and relative risks of ION by changing one or more
variables in the model such as sex, surgical frame, anesthesia
duration, EBL, or colloid as % of nonblood replacement.
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Fig. 1. Receiver operating characteristic curve for final (stage
4) multivariate model. Area under the curve = 0.87. Plot of the
false negative rate (1-Specificity) versus the true positive rate
(Sensitivity) for the final multivariate regression model in table
3. Area under the curve after cross validation = 0.85.

Anesthesiology 2012; 116:15-24

20

Discussion

This is the first multicenter study to identify risk factors
for ION patients compared with patients without ION
after prone spinal fusion surgery using detailed perioper-
ative data. This study design is unique because of the large
number of ION cases obtained from a national registry,
the large multiinstitutional dataset of control subjects,
and the detailed perioperative information in anesthetic
and postoperative records. This data analysis identified
novel risk factors for ION after spine surgery including
male sex, Wilson frame use, longer anesthetic duration,
greater EBL, and decreased percent colloid administra-
tion, and confirmed the risk factor of obesity identified in
a previous study.” Although one previous study found that
longer anesthetic duration and greater EBL were associ-
ated with POVL after spine surgery, the cases used were a
heterogeneous mix of POVL diagnoses including ION,
cortical blindness, and central retinal artery occlusion."’
The predictive model identified from these data may allow
clinicians to estimate the risk of ION for specific patients
undergoing spine surgery.
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Table 4. Risk Prediction for ION after Major Spine Surgery: Effect of Changes in Variables on ION Risk

Absolute Risk of ION Absolute Risk of ION
per 10,000 Procedurest per 10,000 Procedurest

Wilson Anesthesia EBL Colloid (Based on 0.017% (Based on 0.1% Relative

Sex Obesity Frame (h) (1) (%)* Overall Rate) Overall Rate) Riskt
Female No No 5 1 10 0.08 0.45 1.00§
Female Yes No 5 1 10 0.22 1.27 2.83
Female No Yes 5 1 10 0.33 1.93 4.30
Female No No 7.5 1 10 0.17 1.01 2.26
Female No No 10 1 10 0.39 2.30 5.12
Female No No 5 2 10 0.10 0.60 1.34
Female No No 5 3 10 0.14 0.80 1.78
Female No No 5 1 0 0.17 1.00 2.24
Female Yes Yes 10 3 0 18.98 111.67 249.27
Male No No 5 1 10 0.19 1.14 2.53
Male Yes No 5 1 10 0.55 3.21 717
Male No Yes 5 1 10 0.83 4.89 10.91
Male No No 7.5 1 10 0.44 2.57 5.74
Male No No 10 1 10 0.99 5.82 12.98
Male No No 5 2 10 0.26 1.52 3.39
Male No No 5 3 10 0.34 2.03 4.52
Male No No 5 1 0 0.43 2.54 5.67
Male Yes Yes 10 3 0 48.11 283.00 631.73

Variables in bold and shaded areas indicate changes in risk factors from the female reference patient with the lowest risk variables in this table
(bold, first line), to demonstrate the effect on the range of absolute and relative risks of ION using examples of common clinical scenarios.
For example, a male patient has an increased relative risk = 2.53 for ION compared with the reference female patient, with an absolute risk
range of 0.19-1.14 per 10,000 procedures; an obese female patient has an increased relative risk = 2.83 for ION compared with the reference
nonobese female patient, with an absolute risk range of 0.22-1.27 per 10,000 procedures; a female patient placed on a Wilson frame has an
increased relative risk = 4.30 for ION compared with the reference female patient (non-Wilson frame), with an absolute risk range of 0.33-1.93
per 10,000 procedures; etc. The highest risk variables for females and males are shown in the last row of each sex group. In this table, the
clinical scenario with the highest risk variables for males (obese, Wilson frame use, 10-h duration, 3 | EBL, no colloid in the total nonblood
replacement) has a 631-fold increased risk of ION compared with the clinical scenario with the lowest risk variables for females (nonobese,
no Wilson frame use, 5-h duration, 1 | EBL, and 10% colloid of total nonblood replacement).

* Colloid as % of total non-blood replacement, where total non-blood replacement = (crystalloid + albumin + hetastarch). ¥ Range of
low and high absolute risks of ION based on the literature from multicenter studies or national databases.> 1 Relative risk of ION
compared with the lowest risk set of patient variables in this table: first row (bold, no shading), reference value = 1 - 0. § Reference
category for relative risk: female, non-obese, non-Wilson frame, 5 h anesthesia duration, 1 | EBL, and 10% colloid of non-blood
replacement administered, first row (bold, no shading).

EBL = estimated blood loss; ION = ischemic optic neuropathy.

Limitations anesthesia time was the most accurate record of time in the
The use of a voluntary registry with anonymous submis-  operating room, it is a surrogate for operative time. We
sion for obtaining ION cases has limitations. Bias and  also cannot exclude the possibility that the cases come
inaccuracy may be introduced by its retrospective nature  from a different mix of institutions than control subjects

and the type of cases submitted; however, the reliability of  and that some of the effect of risk factors may be a facility
ION case data were previously found to be acceptable to effect. Due to the limited number of ION cases (n = 80)

4 . . : . . .
excellent.” Cases with anterior and posterior ION occur-  ayailable for modeling, there was no dataset available to
ring after major spine surgery were combined because of  yalidate the predictive model. Due to these limitations,
the lack of any significant differences between groups in quantitative estimates of risk must be interpreted with

the variables studied herein, similarities in ophthalmo-

caution. Although only statistically significant factors in
logic findings, and their occurrence after the same proce-

the multivariate model (P < 0.05) are considered to have

4 . .. . .
dure.” This supposition could influence the effect of vari- independent effect on ION, the effect of other statis-

ables on the outcome. Data on control subjects were . .o . .
u ubj tically significant factors from the univariate analysis can-

collected in a more rigorous fashion than for cases because . .
; & i ) i not be excluded with absolute certainty.

all control entries were made by study investigators. Vari-

ables such as operative table tilt noted to have a substantial

percentage of missing values in the ION cases were ex- Risk Factors

cluded from the study. We cannot eliminate the possibil- ~ The higher proportion of men developing perioperative
ity of missing an effect of these variables or other unmea- ION after spinal fusion surgery (69%) is much greater than
sured variables on the development of ION. Although the the almost equivalent proportion of men and women under-
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going spine surgery.F It is almost identical to the proportion
of men who develop perioperative ulnar neuropathy
(70%)."" There are no known sex-related anatomic differ-
ences in the anatomy of the anterior visual pathways, but
some animal studies suggest a protective effect of estrogen
with specific optic nerve disease.'” Our multivariate analysis
found no statistically significant independent effect on ION
of older age, hypertension, atherosclerosis, smoking, or dia-
betes. These data are in agreement with case reports of ION
in children after major spine surgery, and with literature
reviews demonstrating that most ION patients after prone
spine surgery are relatively healthy.®'>'# These findings sug-
gest that the etiology of ION may be more strongly influ-
enced by intraoperative physiologic perturbations than by
any known preexisting disease or vasculopathy.

Obese patients may have increased intraabdominal and
central venous pressures in the prone position related to in-
creased abdominal girth, thereby causing increased venous
pressure in the head. These physiologic changes reduce sys-
temic venous return and cardiac output, leading to reduced
end organ blood flow. Similarly, the Wilson frame is a
rounded, hump-shaped frame that places the patient’s head
much lower than the heart, and may greatly exacerbate ve-
nous congestion in the head over time. Prolonged acute ele-
vation of venous pressure in the orbit can lead to interstitial
edema formation and reduced perfusion pressure, which may
also negatively affect oxygen delivery to the optic nerve.

The finding of increasing duration in the prone position
and increasing EBL as risk factors for ION is consistent with
case series and literature reviews.>*” This effect may have
been larger if all prone spine operations had been included,
instead of only those with =4 h anesthetic duration. Larger
EBL increases fluid shifts, capillary leak, interstitial edema,
and systemic inflammation. It also predisposes to periods of
reduced cardiac output and end-organ blood flow. Pro-
longed duration allows for increased blood loss and subse-
quent increased fluid administration, and exposes the patient
for longer periods to the physiologic perturbations predis-
posing to ION.

The addition of fluid replacement variables to the model
did not substantially change the AUC for predicting ION
because of strong correlations between total volume vari-
ables, anesthetic duration, and EBL (tables 2 and 3). Sepa-
rating specific effects of these variables was not possible with
this retrospective nonrandomized study design. Percent col-
loid of nonblood replacement was chosen as the fluid re-
placement variable in the multivariate model because it was
only weakly correlated with anesthetic duration and EBL.
Moreover, inclusion of total volume variables would conceal
potentially significant differences in volume expansion and

+ Merrill C, Elixhauser A: Hospital stays involving musculoskel-
etal procedures, 1997-2005, Statistical Brief #34 from the Healthcare
Cost and Utilization Project and the Agency for Healthcare Research
and Quality. Available at: http://www.hcup-us.ahrq.gov/reports/
statbriefs/sb34.pdf. Accessed February 3, 2011.
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transcapillary leakage between crystalloid, colloid, and blood
products. Despite its high statistically significant effect on
ION, the difference in the average percent colloid of non-
blood replacement between control subjects and cases was
4%, making its clinical significance less certain.

The lack of an independent effect of anemia or any blood
pressure more than 40% below baseline for 30 min in the
multivariate analysis demonstrates the importance of using
detailed perioperative data on control subjects to assess
whether or not the effect of these factors remains significant
when other relevant intraoperative data such as anesthesia
duration, EBL, and volume administration are analyzed.
These data, uniquely available in the current study, were not
available from the National Inpatient Sample database, case

series, or literature reviews.”™’

Acute Venous Congestion

We have previously hypothesized that ION associated with
prone spine surgery may be related to the acutely increased
venous pressure in the head and neck,* because other proce-
dures with similar physiology in the head such as bilateral
radical neck operations and robotic prostatectomies in the
steep head-down position are also associated with ION.'>1¢
Placing a patient in the prone position increases intraab-
dominal, intrathoracic, and intraocular pressures.'”'® Tt is
theorized that the increased venous pressure in the head and
neck leads to interstitial fluid accumulation from capillary
leak, decreased venous outflow, and decreased perfusion of
the optic nerve. After a critical period of time, damage to the
optic nerve could occur via various mechanisms, including
ischemia caused by compression of small pial arteries supply-
ing the nerve, venous infarction from reduced venous out-
flow, or even direct mechanical damage from the elevated
interstitial pressures. Most perioperative ION cases associ-
ated with spine surgery occur in the posterior optic nerve
where there is poor collateral flow, making the nerve vulner-
able to prolonged pathophysiologic changes in blood flow,
both venous and arterial.**>'® Almost all of the variables
selected into the multivariate model in table 3 including
obesity, Wilson frame, anesthetic duration, EBL, and % col-
loid of nonblood volume, could exacerbate these proposed
pathophysiologic mechanisms.

Prevention

At this point, preventive strategies are the only option to
reduce the effect of this complication, as effective treatment
has not been identified. Using this model, the only preoper-
ative factor that is practically modifiable is surgical frame
selection and position. Maneuvers to keep the head at or
above heart level to reduce venous congestion in the head
have been recommended in the ASA practice advisory for
perioperative visual loss associated with spine surgery.'’
Minimizing duration in the prone position and maximizing
hemostasis may also be beneficial, although the utility of
staging complex procedures would require further study to
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assess the relative risks and benefits. Theoretically, using col-
loid along with crystalloid, also suggested in the ASA practice
advisory,'” may reduce the edema formation, but also re-
quires further study as colloids are associated with dose-re-
lated deleterious side effects and increased mortality in criti-
cally ill patients.”>*' The low incidence of perioperative
ION may preclude randomized controlled trials demonstrat-
ing benefit from these suggested interventions.

The prediction table for ION (table 4) uses examples of
different typical values of the variables from the final multi-
variate model to provide an absolute risk (rate per 10,000
procedures) and relative risk assessment for patients, sur-
geons, and anesthesiologists. Validation of this multivariate
model will require testing in a new population. Patients un-
dergoing lengthy spine surgery in the prone position should
be informed of the increased risk for ION.?? In this era of
informed and shared decision-making with patients, these
data might influence patients” and surgeons’ decisions be-
tween conservative management and various options for sur-
gical treatments. Anesthesiologists could use these data to
guide fluid administration.

In conclusion, this study demonstrates that obese and
male patients have an increased risk of developing ION after
major spinal surgery in the prone position. Avoidance of the
Wilson frame and minimizing the anesthetic duration and
EBL may decrease the risk of developing ION. Use of colloid
along with crystalloid may decrease the risk of developing
ION, but its overall risk-to-benefit profile in major spine
surgery cannot be adequately evaluated using this study de-
sign. Prediction tables for ION based on this study may help
inform patients, surgeons, and anesthesiologists of the abso-
lute and relative risk for patients developing ION, and guide
decision-making.

Appendix: The Postoperative Visual Loss
Study Group Investigators
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suspect many clinicians would be uncomfortable with use of
SpHb readings in this manner. Our finding of larger bias and
wider limits of agreement at lower hemoglobin values sug-
gests an area for further algorithm or device refinement. Per-
haps a user-selectable “low hemoglobin range” setting could
be developed to provide tighter limits of agreement in this
lower range.

Comparison of our results to others is important. We
found larger bias and wider limits of agreement in patients
with larger blood loss or lower hemoglobin. As pointed out,
the limits of agreement we found (—2.3 to + 3.3 g/dl) are
similar to those reported by Miller ez al®> (—3.2 to + 3.7
g/dl) and Lamhaut ez al® (=2.7 to + 2.75 g/dl); slightly
larger than that reported by Berkow ez /.’ (—=2.0 to + 1.8
g/dl); but larger than that reported by Frasca ez al.® (—1 to +
1 g/dl). Of note in the study by Frasca et /., sample pairs
from patients who were treated with norepinephrine infu-
sion more than 0.2 mcg/kg/min or obtained when the per-
fusion index was less than 0.5 had greater bias and wider
limits of agreement (—1.4 to + 1.4 g/dl). Miller ez al” re-
ported that digital nerve block performed on the finger to
which the sensor was applied improved accuracy of pulse
hemoglobin compared with standard laboratory cooximetry.
This finding suggests that differences between intensive
care and intraoperative blood loss could induce changes in
peripheral circulation that affect the accuracy of pulse
cooximetry. We believe this is an important area of future
research.

We are impressed by the innovations Masimo has
brought to patient care. The company has demonstrated sin-
cere commitment to improving their devices. We are con-
vinced that pulse cooximetry could be used to inform clinical
transfusion decisions. We also believe that differences in clin-
ical situations in which blood loss occurs may have important
effects on peripheral circulation, and thus potentially influ-
ence the accuracy of pulse cooximetry. Dr. O’Reilly noted
that Ehrenfeld ez a/® reported less transfused blood was given
to patients monitored with pulse cooximetry in comparison
with standard care. However, transfusion was expected in
only 4.5% of patients they studied, whereas 55% of our
patients received =1 unit of transfused erythrocytes during
surgery. We do not have access to all information about
patients in the abstract from Ehrenfeld ez 4/, but the average
blood loss they reported was nearly 600 ml less than in our
study. The larger amounts of blood loss and transfusion in
our patients could be associated with changes in peripheral
circulation affecting pulse cooximetry accuracy and thus
would seem to make patients similar to those we studied
more appropriate for determining the effect of pulse cooxi-
metry on transfusion decisions.

Further research is warranted to delineate which patient
or intraoperative factors contribute to larger differences be-
tween pulse cooximetry and invasive hemoglobin measure-
ments. We believe this will lead to studies that verify a posi-
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tive effect of SpHb® on patient care and perioperative
outcome.

Richard L. Applegate II, M.D.,* Steven J. Barr, M.D.,
Carl E. Collier, D.O., Martin W. Allard, M.B.Ch.B., F.R.C.A.
*Loma Linda University School of Medicine, Loma Linda, Cali-
fornia. rapplegate@llu.edu
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Perioperative Ischemic Optic
Neuropathy and Spine Surgery: Are
We Asking the Right Questions?

To the Editor:

The recent article and editorial regarding intraoperative vi-
sion loss in the prone position continue to promote real
advances in understanding and reducing the occurrence of
this devastating cornplication.l’2 The importance of prone
positioning, obesity, gender, and use of the Wilson frame
clearly invite the conclusion of perioptic venous back pres-
sure and edema formation as causative mechanisms. How-
ever, the commonality for all four factors is perhaps, at least
partially, one of simple geometry. The gender factor may not

These letters were sent to the author of the mentioned Editorial
View, who felt that a reply was not necessary.—James C. Eisenach,
M.D., Editor-in-Chief.
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be hormonal differences. Women typically are shorter than
men. Fixation on body mass index as the index of obesity
obscures the gender difference in absolute height, also im-
parting a different absolute “thickness.” The combination of
increased thickness and length together may contribute to
significant differences in periocular congestion and edema.
The Wilson frame’s absolute height may be fixed, but mea-
surements of “thicker” and longer males will result in a
greater total prone body height as measured from base (eyes)
to apex (skin incision site) geometrically (Pythagorus). This
is minimized by Jackson style frames, where the shoulders
and hips are preferentially supported in a level position. The
shortest female’s face may never reach to the base of the
Wilson’s arch.

Geometry has been implicated as a significant factor in
vision loss in prolonged supine surgical positioning: robotic
prostatectomy.>* Certainly the prone and head-down posi-
tions impart increased ventilation pressures to increase cen-
tral venous pressure and venous pressure in the optic area,
with prolonged surgery promoting intensification of edema
accumulation. If we accept the geometry theory of this pro-
cess, the rational conclusion to eliminate ischemic optic neu-
ropathy is clear: Perform prolonged spinal surgery only in the
left lateral position! The head is now uniformly placed above
the heart, facilitating minimal venous back pressure from
gravity and ventilation, while maximizing the filling pressure
of the now “dependent” heart. Can geometric considerations
drive a change in “routine standard neurosurgical practice?”
Is the prone position primarily used for obsolete “historical
reasons?” Geometry considerations have reduced sitting cra-
niotomy numbers to an unparalleled historical minimum
only by exposing the dangers of air embolism, which was also
a “rare event.” Is ischemic optic neuropathy any less devas-
tating? Can the authors examine the geometry factors in their
available data because the published material is inadequate in
this regard? Can surgeons be led to use the lateral position,
especially for prolonged surgical procedures? What problems
would be introduced or need solutions? Is it time to reexam-
ine the premise and study this theory prospectively as opti-
mal preventive strategy?

The suggestion that staging procedures may represent a
preventative strategy deserves consideration here. Staging re-
cently has been demonstrated to impart increased morbidity
and possibly mortality in major spinal surgery.” The multi-
center retrospective data indicate, but do not prove, that
increased morbidity and mortality, prolonged hospital stay,
increased costs, and infections are to be expected. It is also
possible that nonarteritic ischemic optic neuropathy occur-
ring during prone surgeries simply reflects coincidental oc-
currences found in the general nonsurgical population, given
the relatively similar frequency of occurrence.® Vasopressors
commonly used during these surgeries or delayed detection
in the intensive care unit with causative association to surgery
may also play a role.” Clearly, comparing prone to lateral
surgery in a prospective fashion may be the single most effec-
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tive means to improve patient outcome and clarify cause
versus effect in this devastating surgical complex.

Paul Martin Kempen, M.D., Ph.D., Cleveland Clinic,
Cleveland, Ohio. kempenp@ccf.org
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Could the Open Door Crack on
Perioperative Visual Loss Be
Even Bigger?

To the Editor:

The recent study of postoperative visual loss after spinal sur-
gery identified long duration anesthesia, male gender, obe-
sity, and the need for larger blood transfusion as risk factors
for postoperative visual loss.! The authors believe the core
mechanism for visual loss is a vascular one causing optic
nerve ischemia. The accompanying editorial emphasized the
possible role anesthesia-associated inflammation may play in
visual loss and referenced the article of Staff ez 4/, who first
described postoperative inflammatory neuropathy.>” The
inflammatory neuropathy cases described by Staff ez a/. all
involved peripheral nerves. Perhaps there is a common risk
factor in perioperative visual loss and postoperative inflam-
matory peripheral neuropathy. That factor could be the use
of nitrous oxide. It would be interesting if information on the
use of nitrous oxide were available from these two reports’
databases.

Nitrous oxide anesthesia increases plasma homocysteine.”
Nitrous oxide does this by disrupting a metabolic chain in-
volving folate, vitamin B6, and vitamin B12. Speculatively,
the nitrous-oxide—induced increase in homocysteine effects
could be greater in individuals who have a preexisting
deficiency of these vitamins or a subclinical or undiagnosed
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variant of the known congenital biochemical abnormalities
involving these vitamins, such as hyperhomocystinemia.

Nitrous-oxide—induced increases in plasma homocysteine
have been correlated positively with altered endothelial func-
tion.* Increased plasma homocysteine concentration have
strong association with increased inflammation.>® Increased
homocysteine concentrations are strongly correlated with the
microvascular complications of diabetes, including neurop-
athy.” The ENIGMA trail suggested that if nitrous oxide is
used for more than 2 h in patients, it increases their long-
term myocardial infarction risk.® Hyperhomocystinemia is
also well described as a factor for central retinal artery occlu-
sion and central retinal vein occlusion.”™"" This is precisely
what the injury in perioperative visual loss seems to be.

If this speculated link between nitrous oxide use and peri-
operative vision loss should ever find any more supporting
scientific evidence, it could suggest utility of simple protec-
tive strategies to avoid both postoperative visual loss and
inflammatory peripheral neuropathy. One remedy could be
to administer folate and vitamins B6 and B12 as premedica-
tion to patients before they undergo long duration surgery,
especially spinal surgery, when using nitrous oxide in the
anesthetic. In one preoperative study of 390 patients sched-
uled for major surgery, 0.2% individuals had a preexisting
folate deficiency and 7.5% individuals had preexisting in-
creased plasma homocysteine concentrations.'” Those indi-
viduals could possibly be a higher risk for blindness or post-
operative inflammatory neuropathy than are the other
patients. The authors proposed administering routine pre-
anesthetic folate and vitamin supplements when nitrous ox-
ide was planned to be used on patients undergoing major
surgery. The alternative protective remedy would be to avoid
use of nitrous oxide surgeries that present the risk of vision
loss.

Nitrous oxide is not devoid of benefits and has been
shown to reduce long-term pain, possibly via its N-methyl-
D-aspartic acid receptor blocking effects.'” Thus, the overall
place of nitrous oxide use in anesthesia remains a matter of
debate.

It is likely that multiple risk factors for visual loss after
long duration spinal surgery will remain, and all have a com-
plex interplay with no single remedy being able to eliminate

the risk of blindness.

Robert M. Raw, M.D., University of lowa, lowa City, lowa.
rob-raw@uiowa.edu
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It’s Still the Water

To the Editor:

After publication of the first report by the American Society
of Anesthesiologists Visual Loss Registry Study Group,' I
submitted a Letter to the Editor in which I stated that ad-
ministration of excessive volumes of crystalloid fluid may be
the cause of ischemic optic neuropathy (ION) and recom-
mended that crystalloid fluid therapy not exceed 40 ml/kg,
regardless of the duration of the posterior spinal surgery.” In
reply, Dr. Warner stated that my recommendation was dog-
matic and unsubstantiated, which was true, but he also did
not provide any documentation that it was invalid. Now we
have additional evidence that my recommendation regarding
crystalloid fluid therapy was on target.

In their recent report, the Visual Loss Study Group did a
retrospective comparison of a number of variables in their
database of 80 patients with ION with those from 315 care-
fully selected, matched control subjects who underwent pos-
terior spinal surgery but did not experience ION.? The Study
Group identified a number of highly significant differences
(P = 0.001) between the ION and control subjects. Three
significant differences that are interrelated stand out. The
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total volume of fluid replacement and the total nonblood
fluid replacement were greater in the ION patients, and
the administration of colloid as a percentage of the total
nonblood replacement was less in the ION patients. The
only remaining fluid in this analysis would be crystalloid.
These findings directly support the concept that the crys-
talloid fluid volume was significantly greater in the ION
patients, although a direct comparison of the volume of
crystalloid administered in the two groups did not reach
significance.

Other significant differences between the two groups in-
cluded gender, obesity, use of the Wilson frame, duration of
anesthesia, and estimated blood loss. Both the Study Group
and Dr. Warner in his editorial* suggested that ION may be
less common in women than men because of the protective
effect of estrogen. A simpler and more reasonable explana-
tion for the difference is that most anesthesia providers are
more likely to give larger volumes of crystalloid fluid to men
weighing 80-120 kg than they are to women weighing
60-80 kg. With respect to obesity, the Study Group sug-
gested that positioning the obese patient prone may increase
intraabdominal, intrathoracic, intraocular, and venous pres-
sures and produce ischemia of the optic nerve by a variety of
mechanisms. Another more plausible explanation would be
that if prone positioning did increase venous pressure in the
obese patients, it would be manifest most profoundly as
blood loss at the operative site, which in turn, would neces-
sitate greater fluid administration, including crystalloid
fluid. Finally, the Study Group suggested that the reason that
ION was more common with use of the Wilson frame was
because the head is more dependent with its use. However,
this explanation is only conjecture because the exact posi-
tioning of the head was not documented in all of the patients
who experienced ION while on the Wilson frame. When
using the Wilson frame, the head need not be dependent
because it can be supported in the neutral position with
pillows and head supports, and this may have been done in
some of the ION patients on the Wilson frame. I do not
believe that exactness in head position is necessary provided
crystalloid fluid volume administration is limited. We do a
large number of robotic-guided, laparoscopic, retropubic
radical prostatectomies with the patients in a very steep Tren-
delenburg position for 4—6 h. The crystalloid fluid volume is
limited to less than 1 ] until the patient is returned to the level
position to avoid fluid collection in the bladder, which will
obscure the operative field when the bladder is opened. We
have not had a case of ION in this population. Two things
stand out in the reported cases of ION occurring after pros-
tate surgery: the patients were in a Trendelenburg position
for 4—6 h, and they received approximately 5-10 | crystal-
loid fluid.

The recent report of the American Society of Anesthesi-
ologists Task Force on Perioperative Visual Loss’ advocates
the use of both colloid and crystalloid fluids but does not
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recommend any limit on the latter. Based on the evidence
to date, which admittedly is mostly circumstantial, I
would urge anesthesia providers to strongly consider lim-
iting crystalloid fluid therapy to less than 40 ml/kg regard-
less of operative length. With this change alone, I believe
that we will experience a measurable decrease in the inci-

dence of ION.

C. Philip Larson, Jr., M.D.C.M., David Geffen School of
Medicine at University of California, Los Angeles, California;
Ronald Reagan UCLA Medical Center, Los Angeles, Cali-
fornia. plarson@ucla.edu
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In Reply:
We would like to thank Drs. Kempen, Raw, and Larson for
their interest in our study on determining risk factors for
perioperative ischemic optic neuropathy (ION) after spinal
fusion surgery in the prone position.' Dr. Kempen’s sugges-
tion to perform spine surgery in the lateral position, instead
of the prone position, is intriguing. We have also considered
this possibility in the past and queried our surgical col-
leagues. In special situations, such as second or third trimes-
ter pregnancy, when postponement of surgery is not feasible,
spine surgery has been performed in the lateral position.
However, the “up-down” manipulations required in the lat-
eral position are technically more difficult than the more
symmetric “right-left” manipulations in the prone position.
Achieving ideal spinal alignment is much more challenging
technically in the lateral position. Many surgeons rely on the
lordosis imparted by some of the spinal frames in the prone
position to provide optimal “anatomic” alignment for fusion.
We agree with Dr. Kempen that further study should be
performed to examine the relative risks and benefits of stag-
ing very prolonged spine surgery with expected high blood
loss, as we noted on pages 22 and 23 of our article.! The
supposition that this injury may reflect the coincidental oc-
currence of spontaneously occurring ION in a general non-
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surgical population is not supported by national incidence
data. Data from the Nationwide Inpatient Sample published
by Shen ¢t al. demonstrates a greatly increased odds ratio of
6.96 for developing ION in spinal fusion surgery compared
with the referent abdominal surgery.” Its occurrence in chil-
dren and relatively healthy adults after spinal fusion surgery is
not consistent with the high incidence of atherosclerotic risk
factors found in the subpopulation of nonsurgical patients
who develop nonarteric anterior ION.? In addition, the high
percentage of cases with bilateral profound loss of vision in
perioperative ION is not consistent with the clinical course
of nonarteritic anterior ION, which typically presents with
unilateral disease with less severe loss of vision.

Lastly, we also considered the possibility, like Dr. Kem-
pen, that vasopressors may be a contributory factor in the
development of ION. We did not find a significant associa-
tion with vasopressor use in the univariate analysis, as noted
in table 1 on page 18 of our article."

Dr. Raw offers the interesting hypothesis that periopera-
tive inflammation may contribute to the development of
ION after spinal fusion surgery. Given the low incidence of
perioperative ION, it may prove difficult to examine this
hypothesis with prospective studies. Dr. Raw also notes that
increased plasma homocysteine levels and lower vitamin B6
levels are independently associated with the occurrence of
nonarteric anterior ION in the nonsurgical population. For
this reason, nitrous oxide could play a contributory role. In
our 2006 study, less than one-quarter of the 83 patients with
ION after spinal fusion received nitrous oxide, making it
unlikely that nitrous oxide administration is an important
factor in perioperative ION.* But a systemic inflammatory
syndrome may result from prolonged, complex surgery, and
the notion that inflammation is a pathogenic factor in axonal
injury or brain injury is supported by experimental studies in
animals.>®

We appreciate Dr. Larson’s continued interest in periop-
erative ION and his efforts to provide precise limitations on
the amount of crystalloid (40 ml/kg) administered. We re-
main curious about the 40 ml/kg crystalloid limit. It is not
clear if he is encouraging a practice of intentional hypovole-
mia, or if he is advocating the use of colloid along with
crystalloid to maintain euvolemia, as recommended in the
American Society of Anesthesiologists’ practice advisory.”
The former practice of intentional hypovolemia in these
cases with large blood loss and prolonged duration would
subject patients to a high potential for end organ ischemia, or
ultimately, cardiovascular collapse. The latter practice of us-
ing colloids along with crystalloids may reduce the incidence
of ION, as suggested by the results of our multicenter case-
control study. However, our studies and understanding of
the current literature do not suggest that a specific limit to
crystalloid administration, such as 40 ml/kg, will prevent
perioperative ION. Of note, the mean crystalloid infusion
for the control patients in our study was 4.6 | = 2.3 [, well
above Dr. Larson’s limit of 40 ml/kg for most patients. The
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highest amount of crystalloid infused in a control patient was
more than 18 1. Conversely, crystalloid limitation did not
protect all patients from ION, as the lowest amount of crys-
talloid infused in an ION case was 2.2 |. Based on our obser-
vations, we do not believe that the 40 ml/kg crystalloid limit
prevents ION, nor does it help predict those who might
develop ION. Dr. Larson’s supposition that the increased
risk of ION seen in men was because men received more
crystalloid than women was not supported by our data.
There were no significant differences in the amount of crys-
talloid received between men and women, either in cases or
controls.

Although we agree that increased venous pressure is likely
to increase blood loss and fluid resuscitation, there are many
types of surgery where arterial bleeding results in much
greater blood loss and fluid resuscitation, but without an
associated risk for ION. Therefore, we believe that the in-
creased venous pressure — in the head — is one of the most
important risk factors placing prone spinal fusion surgery
patients at increased risk for developing ION. This same
feature of increased venous pressure in the head is also pres-
ent in other surgical procedures that carry a high risk for ION
groups: bilateral radical neck dissections with ligation of bilateral
external and internal jugular veins®® and laparoscopic/robotic
prostatectomies with the head placed in steep Trendelenburg
for prolonged duration.'® It is interesting that Dr. Larson has
“specialized” fluid management plans for these types of proce-
dures with increased venous pressure in the head and high risk
for ION, yet dismisses venous congestion as a significant con-
tributory factor for ION.

We are impressed by Dr. Larson’s efforts to prevent ION in
robotic prostatectomy patients who require steep Trendelen-
burg position for 4—6 h. It is not clear to us if cases of that
duration for this procedure are at risk for ION. The duration of
surgery for the five reported cases of ION after laparoscopic
prostatectomy ranged from 6.5 t0 9.9 h, with four of these cases
lasting 7.9 h or more.”'® One additional case of ION occurring
after a laparoscopic proctocolectomy also lasted greater than
6 h."! We are not aware of cases of ION after 4—6 h of robotic
prostate surgery that were associated with Trendelenberg po-
sition and 5-10 | of crystalloid administration.

We applaud Dr. Kempen’s, Dr. Raw’s, and Dr. Larson’s
interest in this topic and their efforts to minimize the occur-
rence of perioperative ION. This is a devastating periopera-
tive complication that deserves continued reflection and
sound, methodical investigation.

Lorri A. Lee, M.D.,* Steven Roth, M.D., Michael M.
Todd, M.D., Karen L. Posner, Ph.D., Nayak L. Polissar,
Ph.D., Moni B. Neradilek, M.S., Nancy J. Newman,
M.D., Robert A. Caplan, M.D., Frederick W. Cheney,
M.D., Karen B. Domino, M.D., M.P.H., for The Postop-
erative Visual Loss Study Group. “University of Washing-
ton School of Medicine, Seattle, Washington. lorlee@uw.edu
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Author-created Surrogate Time
Intervals Misrepresents Actual Times

To the Editor:

We are constantly amazed when the performance of anes-
thesiologists practicing in the anesthesia care team model
(including both private practice and academic settings) is
judged by administrators, operating room (OR) manag-
ers, and surgeons on “first-case starts.” Unfortunately, too
many of these nonanesthesiologists use magical thinking and
demand that all the ORs start at the same time and without
delay. The reality is that in an anesthesia care team model, the
anesthesiologist cannot be at two places at once. Therefore, it
should be obvious that when starting more than one room first
thing in the morning, surgeons and OR teams may have to wait
for the anesthesiologist to become available to attend to each
patient.
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With this understanding of reality, we read Epstein and
Dexter’s recent publication with great interest.' But un-
fortunately, instead of looking at the first-case starts, the
authors chose to also look at other portions of anesthesia
care as well. We were dismayed over this methodology
because the authors utilized retrospective data that lacked
a critical data element necessary to accurately determine
anesthesiologist presence. Because their retrospective data
from the single center studied did not include the actual
time and duration of demanding portions of anesthesia
care, the authors had to develop surrogate time interval defini-
tions that would capture the critical portions of anesthesia team
care. This deserves emphasis. The authors do not know from the
electronic health record data when the actual demanding por-
tions of anesthesia occurred, the duration of those occurrences,
and the role the attending anesthesiologist played in managing
those events. These surrogate definitions are found in table 2 of
their publication.

To illustrate how broad these surrogate time intervals
are and how they include not only the critical portion but
also many noncritical portions, one only has to look at the
first definition: induction of general anesthesia. The au-
thors chose to define this time period as when the patient
enters the OR to intubation (or the equivalent) + 3 min.
Therefore, they include within their definition of the in-
duction the following events: transportation into the OR,
movement of the patient from the stretcher to the bed,
placement of the IV (if not done in holding), placement of
standard monitors, and waiting for the surgeon to arrive.
This overly broad definition creates artificial “conflicts,”
where none in fact occur. For example, if the anesthesiol-
ogist is present in OR A for extubation, and the nonphy-
sician anesthesia provider brings the patient into OR B,
then, by the authors’ definition of induction, the anesthe-
siologist is not available for a critical portion and there is
a “lapse” identified by the simulation.

One could apply this definition of induction to the
surgeon. If the critical portion of the anesthetic begins
when the patient arrives in the OR and includes the pre-
operative briefing (authors’ definition), then similarly, a
critical portion of surgery should include the time from
the patient’s arrival into the OR to the briefing. If a sur-
geon is not present during this period for probably justi-
fiable reasons (e.g., rounding on inpatients, meeting with
the family of previous patient, and so on), the surgeon
would be found in “lapse” of care by the authors and
would contribute to avoidable inefficiencies.

This one example illustrates how using retrospective
data and surrogate time intervals will result in exaggera-
tion of so-called lapses. Similar problems exist for all the
other definitions in their table 2.

Furthermore, electronic health records do not docu-
ment the timing, duration, and content of every commu-
nication between anesthesiologist and nonphysician anesthesia
provider (anesthesiology assistant, nurse anesthetist, or anesthe-
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