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T HE first description of post-
operative visual loss (POVL) 

in Medline is from 1950.1 Cases 
appeared sporadically over the 
next 30 to 40 yr (fig.  1), mostly 
related to opthalmalogic proce-
dures, cardiac surgery, and a mis-
cellany of other operations. Some 
were due to direct eye injuries, but 
some were due to ischemic optic 
neuropathy (ION), most com-
monly reported in association 
with massive intraoperative hem-
orrhage and hypotension or radi-
cal head and neck surgery. Then, 
in the early 1990s, cases of ION 
began to appear after prone spine 
surgeries. Along with the rapid 
growth in instrumented spine 
procedures, the yearly number of 
publications accelerated dramati-
cally (fig. 1). Some of these pub-
lications advanced unsupported 
theories as to cause and equally 
unsupported recommendations 
regarding prevention. In response, 
the American Society of Anesthe-
siologists (ASA) made a concerted 
effort to gather objective informa-
tion by establishing the POVL Registry in 1999. Over the 
next few years, information was accumulated that began to 
shed some light on the problem. For example, case data in 
the registry effectively eliminated “pressure on the globe” 
as a major cause of POVL, established the important role 
of case duration, and raised questions about the specific 
roles of blood loss, transfusion, hypotension, anemia, etc., 
strongly supporting a belief in a complex multivariate etiol-
ogy.2 Based on this, the ASA published its first Practice Advi-
sory regarding POVL in 2006.3 Working with data in the 
registry, the POVL Study Group conducted a multicenter 

case-matching study intended 
to better examine risk factors for 
ION.4 As expected, multiple fac-
tors were found to differ between 
patients with and without ION, 
but only six could be identified as 
independent risk factors in a mul-
tivariate model: male sex, obesity, 
the use of a Wilson frame for posi-
tioning, case duration, estimated 
blood loss (EBL), and the fraction 
of colloids given as part of non–
blood fluid management. Many of 
these items were incorporated into 
an updated ASA Practice Advisory 
in 2012.5

In this issue of the Journal, 
Rubin et al.6 looked at long-term 
trends in the incidence of ION 
after spine fusion surgery. Using 
data from the Nationwide Inpa-
tient Sample (NIS), they provide 
two key pieces of new informa-
tion. First, they confirmed that 
male sex, obesity, and transfusion 
(which may be a surrogate for 
blood loss) are risk factors, and 
they added age to the list. Sec-
ond—and certainly of far greater 

importance—they showed that, since 1998 to 2000, the 
incidence of postoperative ION has fallen by almost 60%, 
from approximately 1.63/10,000 to 0.6/10,000 in 2010 
to 2012.

Since this is a new finding, rigorous confirmatory data 
are lacking, but there are other consistent observations. For 
example, the number of cases reported yearly to the ASA 
POVL registry has been decreasing progressively from a 
peak in 2000 to 2002 (Karen Posner, Ph.D., University of 
Washington, Seattle, Washington, personal communication, 
February 2016). Yearly malpractice claims for POVL for one 
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large national insurer (Preferred Physicians Medical, USA) 
peaked between 1997 and 2004 and have been dropping 
since (with only one case filed since 2008; Steven Sanford, 
personal communication, April 2016).

This is great news for us and our patients! But why has 
this occurred? Is it due to the conscious efforts of anesthesi-
ologists and surgeons to prevent ION or is it an unintended 
consequence of changes in either our patients or in the con-
duct of anesthesia and surgery? While we would all like to 
believe that it was due to our well-focused efforts, a careful 
consideration of many factors suggest that it is more likely 
to be due to the latter (or at least a combination of the two).

A better understanding of WHY the incidence has 
decreased can help us understand WHY the event occurs at 
all. In other words, further considerations of known risks 
(e.g., age, sex, and obesity)—and their changes over time—
may provide mechanistic insights and/or allow us to better 
focus on a narrower range of factors. I’d therefore like to look 
at these risks individually.

Patient Characteristics: Age, Sex, and 
Obesity
It is reasonable to conclude that patient risk factors are 
not improving; our patients are not getting younger or 
smaller, and there is nothing to suggest a major change in 

the sex of spine surgery patients. The aging of our surgi-
cal population is well known. For example, the average 
age of patients undergoing major spine surgery at The 
University of Iowa, Iowa City, Iowa, has increased by over  
8 yr since 1996. Data from NIS show that over the data 
range evaluated by Rubin et al. and in the same spinal 
fusion population, age increased by 5 yr, the incidence of 
obesity increased substantially, and there was only a tiny 
change in sex ratio (a 3% drop in the fraction of males).* 
Supplementary information from the American Col-
lege of Surgeons National Surgical Quality Improvement 
Program database for spine fusion surgery—albeit over a 
shorter time period—also supports these findings (infor-
mation provided by Dr. Y. Gao, Department of Orthope-
dics, University of Iowa).

Surgical Factors: Positioning, Case Duration, Blood Loss, 
and Fluid Management
The POVL group demonstrated that the use of a Wilson 
frame was associated with the highest “risk ratio” of any of 
the six factors, presumably due to higher intraabdominal 
and venous pressures secondary to abdominal compression 
and perhaps a tendency toward a more head-down posture. 
While no objective data are available, an informal e-mail 
survey of more than a dozen senior members of the U.S. 
neuroanesthesia community strongly indicates that the use 
of the Wilson frame, at least for major spine fusions, has 
nearly disappeared in the last decade, having largely been 
replaced by OSI/Jackson tables. Positioning on the OSI/
Jackson table results in less abdominal compression and, 
frequently, a more neutral head (or even head-up) position. 

Fig. 1. Publications per year retrieved from Medline using the search terms “postoperative blindness” and “postoperative visual loss.”

*As part of this assessment, this author contacted the senior 
author of Rubin et al. (Dr. Roth) and asked him to provide addi-
tional data from Nationwide Inpatient Sample, specifically related to 
the changes over time in patient ages and the incidence of obesity 
and transfusions.
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If, as suggested,4 venous pressure plays an important role in 
ION, this change alone may be playing a major role.

The NIS database does not contain case duration data 
and, to the best of my knowledge, no other national source 
of case duration information exists. I was able to retrieve 
deidentified duration information from our Departmen-
tal billing database for adult patients back to 1996, focus-
ing on the same current procedural terminology–coded 
procedures as studied by Rubin et al. As expected—and 
as reported by Rubin et al.—case numbers for 2013 to 
2015 were three times greater than those for 1996 to 1998 
(1042 vs. 347). Average case duration for these two 3-yr 
periods decreased by 18 min (P = 0.031), and the frac-
tion of cases lasting greater than or equal to 6 h decreased 
from 54% in 1996 to 1998 to 43% in 2013 to 2015  
(P = 0.0003)—although surprisingly, the fraction of cases 
lasting more than 8 h did not change (18%). If these data are 
representative of national practice, it is possible that some 
changes in operative times may be an important factor, but 
also suggest that the relationship between case duration and 
the incidence of ION is both complex and highly nonlinear.

The POVL group identified EBL as a risk factor, while 
Rubin et al. showed an association between transfusion 
and ION. Neither NIS nor the National Surgical Quality 
Improvement Program tracks operative EBL over time, but 
the progressive adoption of minimally invasive techniques7,8 
and the growing use of antifibrinolytics such as tranexamic 
acid might be expected to decrease EBL9,10—we just don’t 
know. At our institution, overall incidence and volume of 
blood transfused has fallen over time—but surprisingly 
NIS data (see footnote 1) show that the fraction of patients 
transfused has actually increased (although volume data 
are not available). Whether “transfusion” is a surrogate for 
EBL (as suggested by Rubin et al.) and whether other (unre-
corded) changes in transfusion practice are playing a role are 
unknown. The data do suggest that transfusion per se cannot 
explain the changes in ION.

One last factor shown by the POVL group to be relevant 
is the colloid fraction of total nonblood fluids. Again, like 
EBL, no longitudinal data exist to determine if changes have 
occurred. However, colloid use was quantitatively the small-
est risk factor identified by the POVL group, so even a huge 
change in practice would be expected to have a minimal 
impact.

Conclusions
As noted, the observed reductions in the incidence of ION 
are unlikely to be due to changes in our patients (age, sex, 
or body mass index) and hence must be related to how 
we are practicing. The largest changes are probably due 
to changes in surgical positioning along with a possible 
reduction in operative times. Did these changes occur spe-
cifically in response to our recognition of ION? Probably 
not. For example, the onset of the decrease in ION inci-
dence appears to have predated the appearance of objective 

information and practice advisories, although general 
awareness of the problem, driven by the rapidly expanding 
literature, may have played some role. In addition, other 
unrecognized factors may be operating. The risk factors 
defined by the POVL Study Group are limited by the rela-
tively small sample size (and the huge sample used by Rubin  
et al. probably explains why they—but not the POVL 
Study Group—were able to identify age as a risk factor). 
For example, hypotension could not be identified by the 
POVL group as a factor—and yet ischemic injury to any 
organ is influenced by perfusion pressure. Given the large 
number of published articles anecdotally suggesting a link 
between blood pressure and ION, it is possible that anes-
thesiologists have become more compulsive about blood 
pressure management in these patients.

Caveat
It would be a mistake to assume that “this problem has 
been beaten.” Cases of devastating postoperative blind-
ness after prone spine surgery continue to appear, if for no 
other reason than that the number of surgeries performed 
has increased, and, as noted by the authors, the incidence 
of retinal artery occlusion has not changed. Further progress 
will depend on continuing research—both clinical and labo-
ratory—into causative mechanisms. For example, we still do 
not understand why ION occurs in only a small fraction of 
patients, even when they are matched for known risks; the 
POVL Study Group showed that even in patients at high-
est risk (obese males undergoing very long operations on a 
Wilson frame with large EBLs), the predicted incidence of 
ION is only on the order of 2 to 3%. What is different about 
these patients versus the 97 to 98% of similar patients having 
similar operations who do not develop ION? Only by solv-
ing this dilemma can we completely eliminate this problem, 
and hopefully, the observations of Rubin et al. will aid us in 
focusing our efforts.
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P ERIOPERATIVE visual loss (POVL) in spinal 
fusion surgery is a rare but devastating complication, 

most commonly due to ischemic optic neuropathy (ION), 
although other known causes include retinal arterial occlu-
sion (RAO) and cortical blindness. Patients who undergo 
spinal fusion or cardiac surgery are at the greatest risk for the 
development of ION.1 As the utilization of spinal fusion in 
the United States is the highest in the world,2 it is imperative 
to uncover the risk factors for and determine how to pre-
vent rare but serious complications such as ION. In a case–
control study of 80 subjects with ION after spinal fusion in 
the American Society of Anesthesiologists (ASA) Postopera-
tive Visual Loss Registry versus unaffected control patients 
from 17 North American medical centers, we showed that 

What We Already Know about This Topic

What This Article Tells Us That Is New
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ABSTRACT

Background: Perioperative ischemic optic neuropathy (ION) causes visual loss in spinal fusion. Previous case–control stud-
ies are limited by study size and lack of a random sample. The purpose of this study was to study trends in ION incidence in 
spinal fusion and risk factors in a large nationwide administrative hospital database.
Methods: In the Nationwide Inpatient Sample for 1998 to 2012, procedure codes for posterior thoracic, lumbar, or sacral 
spine fusion and diagnostic codes for ION were identified. ION was studied over five 3-yr periods (1998 to 2000, 2001 to 
2003, 2004 to 2006, 2007 to 2009, and 2010 to 2012). National estimates were obtained using trend weights in a statistical 
survey procedure. Univariate and Poisson logistic regression assessed trends and risk factors.
Results: The nationally estimated volume of thoracic, lumbar, and sacral spinal fusion from 1998 to 2012 was 2,511,073. 
ION was estimated to develop in 257 patients (1.02/10,000). The incidence rate ratio (IRR) for ION significantly decreased 
between 1998 and 2012 (IRR, 0.72 per 3 yr; 95% CI, 0.58 to 0.88; P = 0.002). There was no significant change in the inci-
dence of retinal artery occlusion. Factors significantly associated with ION were age (IRR, 1.24 per 10 yr of age; 95% CI, 1.05 
to 1.45; P = 0.009), transfusion (IRR, 2.72; 95% CI, 1.38 to 5.37; P = 0.004), and obesity (IRR, 2.49; 95% CI, 1.09 to 5.66; 
P = 0.030). Female sex was protective (IRR, 0.30; 95% CI, 0.16 to 0.56; P = 0.0002).
Conclusions: Perioperative ION in spinal fusion significantly decreased from 1998 to 2012 by about 2.7-fold. Aging, male 
sex, transfusion, and obesity significantly increased the risk. (ANESTHESIOLOGY 2016; 125:00-00)
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the risk factors for ION included male sex, obesity, the use of 
a Wilson frame for surgical positioning, anesthesia duration, 
higher estimated blood loss, and percent colloid of nonblood 
replacement during the procedure.3

The incidence of POVL in spine surgery has been 
approximated at 1 to 10/10,000.4,5 Estimates differ widely 
depending upon size of the study and the data source, e.g., 
administrative data, single versus multiple institutions, inclu-
sion of all spine surgery, fusions alone, anatomical locations 
of the surgery, and year of the study, among other factors.3 
Although few anesthesiologists and surgeons were familiar 
with POVL in the 1980s and 1990s, the increasing publi-
cation of case reports in the literature,6 publicity associated 
with the ASA POVL Registry,7,8 and other studies of POVL 
in the 2000s9–12 appear to have increased awareness of this 
complication. Nonetheless, in a survey by the Anesthesia 
Patient Safety Foundation, 87% of anesthesiologists opined 
that most surgeons do not recognize the risk of perioperative 
ION, and 52% believed the same for anesthesia profession-
als.13 There have been other efforts to heighten awareness 
of POVL in spine surgery among anesthesiologists and sur-
geons. These included two ASA Advisories on Postoperative 
Visual Loss, first in 2006 and the other in 2012,14,15 and a 
Consensus Statement on Postoperative Visual Loss from the 
Anesthesia Patient Safety Foundation.13

Based upon clinical observations, we hypothesized that 
the incidence of ION in spinal surgery has been decreasing. 
We also theorized that examination of spinal fusion ION 
cases in a large, randomly collected database close to the cur-
rent time would provide new data on pre- and perioperative 
risk factors. Accordingly, there were two main goals of the 
current study: (1) to evaluate the incidence trends of ION 
associated with spinal fusion, and specifically, to determine if 
the incidence has decreased and (2) to use a large nationwide 
database to identify risk factors for development of ION in 
spine fusion surgery.

Materials and Methods
As there were no patient identifiers, the University of Chi-
cago and University of Illinois Institutional Review Boards 
deemed the study “exempt.” We studied discharge data in 
the Nationwide Inpatient Sample (NIS) from 1998 to 2012. 
The database is maintained by the Healthcare Cost and Uti-
lization Project under the Agency for Healthcare Research 
and Quality (AHRQ). The hospital discharge record includes 
patient demographics, diagnoses (principal and less than 14 
secondary), procedures (principal and less than 14 second-
ary), charges (in dollars), length of stay (in days), discharge 
status, outcomes, and medical diagnoses.1,16 Diagnoses and 
procedures are coded using the International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).

The NIS is roughly a 20% stratified sample of nonfed-
eral U.S. inpatient hospital discharges and is derived from 
routine hospital discharge data. In 2012, the sampling was 
redesigned to improve the accuracy of national estimates; 

sampling is from all participating hospitals rather than a 
sample of hospitals. AHRQ provided updated discharge 
weights on its Internet site for the 1998 to 2012 NIS to 
ensure accurate weighting of the sample and enable analysis 
across multiple years.17 We, thus, used these “trend weights” 
in the “survey” function of Stata (Stata Corp., USA) for all 
patient-level analysis.

Quality control and reliability of the NIS have been exam-
ined each year since 2000. National estimates of essential 
healthcare parameters in the NIS were precise and accurate 
compared with the American Hospital Association Annual 
Survey, National Hospital Discharge Survey, and Medicare 
Inpatient data.18

Data Classification
As previously reported,3 ICD-9-CM codes for primary pro-
cedure of posterior thoracic, lumbar, or sacral spine fusion in 
the NIS from 1998 to 2012 were studied, excluding anterior 
approach to the spine (table 1). Since most ION cases after 
spinal fusion involve the thoracic and lower vertebrae,7 cer-
vical spine fusion was excluded. To ensure complete coverage 
of relevant procedure codes, ICD-9-CM codes were con-
firmed against Current Procedural Technology procedure 
spinal fusion codes using Encoder Pro.com (Optum, USA). 
Patients discharged with a principal or secondary diagnostic 
ICD-9-CM code of ION (377.41) were considered to have 
developed ION during the hospitalization. For comparison 
of incidence trends, we also identified patients with a diag-
nosis of retinal artery occlusion (RAO, 362.3; 362.30-0.34, 
table 1).

Patient and Surgical Characteristics
Patient characteristics analyzed included age (years, continu-
ous variable), sex, length of hospital stay (days), and yearly 
inflation-adjusted total hospital charges (both as continuous 
variables), type of admission (elective, urgent, emergent), 
discharge status (home, nursing facility, died, etc.), and race. 
Medical diagnoses (ICD-9 codes are in table  2) studied 
were atherosclerosis, coronary artery disease, carotid artery 
stenosis, diabetes mellitus, hypertension, obesity, peripheral 
vascular disease, and smoking. Hospital conditions included 
anemia and transfusion. Stroke was included as postopera-
tive, acute, embolic, and thrombotic.

Analysis
Stata v14.0-MP was used to analyze data. We utilized 
AHRQ trend weights in the survey function in Stata for all 
estimates and regressions. Missing data points were noted for 
race, type of admission, and discharge status. Missing data 
for race are reported as “unknown” in the regression analysis. 
Type of admission and discharge status were not included 
in the regression analysis, and no observations were other-
wise excluded due to missing data. To calculate incidence 
of ION and RAO, we divided the study into 3-yr periods 
(1998 to 2000, 2001 to 2003, 2004 to 2006, 2007 to 2009, 
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and 2010 to 2012). This enabled the numerator (cases per 
time period) to reach the threshold for reporting (more than 
10), while the denominator was the number of spinal fusion 
procedures per time period. (AHRQ prohibits data report-
ing of any data cell, where n is less than or equal to 10.) To 
study if age was a risk factor, 10-yr age groups were studied, 
i.e., 18 to 30, 31 to 40 years, etc.

Patient characteristics in spinal fusion groups with or 
without ION for 1998 to 2012 were tabulated using the 
national estimates. Univariate analysis, followed by multivari-
ate Poisson regressions, assessed risk factors in the discharges 
from 1998 to 2012.19 A Poisson model was used because it 
was deemed appropriate for modeling count data. P < 0.2 
was the minimum criterion for inclusion of variables in the 
subsequent multiple Poisson regression, and P < 0.05 in the 
multiple Poisson regression model indicated a significant risk 

factor. Results are reported as incidence rate ratios (IRRs). The 
variance inflation factor examined for collinearity.20 Pearson 
goodness-of-fit test assessed fit of the model.

Results
There were an estimated 2,511,073 discharges in the United 
States from 1998 to 2012 with procedure codes for poste-
rior thoracic, lumbar, and sacral spinal fusion. The national 
estimates (table 3) for ION were 257 (1.02/10,000), and for 
RAO, 224 (0.89/10,000). The volume of procedures per 3 yr 
increased nearly threefold from 262,279 in 1998 to 2000 to 
733,454 in 2010 to 2012 (table 3), but ION in spine fusion 
(fig. 1) decreased significantly (P = 0.002) from 1.63/10,000 
in 1998 to 2000 to 0.60/10,000 in 2010 to 2012. There was 
no significant change in incidence of RAO during the study 
period (fig. 1).

Table 4 shows the characteristics in the national estimates 
of those who sustained ION and those who did not. ION 
patients were older, and males predominated among ION 
patients. At least 20% of the race information was not pro-
vided. Mean total inflation-adjusted charges for the hospi-
talization and length of hospital stay were higher for ION 
than for nonaffected. A higher proportion of ION patients 
had a blood transfusion (ION, 29.6%; non-ION, 14.0%); 
the percent of patients with obesity was greater in those with 
ION (17.1%) than in nonaffected ones (9.8%). Mean num-
ber of vascular factors was similar for the two groups; stroke 
was infrequent, but with higher percent in ION cases.

Poisson multivariate analysis models considered 3-yr 
interval incidence, age (10-yr intervals), sex, transfusion, 
obesity, and stroke (those factors with P < 0.2 in uni-
variate analysis, table  5, were entered into the model). 

Table 1. ICD-9-CM and Corresponding CPT Procedure Codes for Spinal Fusion and ICD-9-CM Diagnosis Code for Ischemic Optic 
Neuropathy in the Nationwide Inpatient Sample

Description ICD-9-CM Code CPT

Diagnosis
        Ischemic Optic Neuropathy (ION) 377.41
        Retinal Artery Occlusion (RAO) 362.3

362.30–4
Procedures
        Dorsal And Dorsolumbar Fusion Of The Posterior Column, 

Posterior Technique
81.05 22610, 22612, 22614, 22800, 22802, 22804, 22851

        Lumbar And Lumbosacral Fusion Of The Posterior  
Column, Lateral Transverse Process Technique

81.07 22612, 22614, 22630, 22632, 22633, 22634, 22800, 
22842, 22851

        Lumbar And Lumbosacral Fusion Of The Anterior Column, 
Posterior Technique

81.08 0195T, 0196T, 0309T, 22586, 22612, 22514, 22630, 
22632, 22633, 22634, 22800, 27279, 27280

        Refusion Of Dorsal And Dorsolumbar Spine, Posterior 
Column, Posterior Technique

81.35 22610, 22612, 22614, 22800, 22802, 22804, 22851

        Refusion Of Lumbar And Lumbosacral Spine, Posterior 
Column, Lateral Transverse Process Technique

81.37 22612, 22614, 22630, 22632, 22800, 22842, 22851

        Refusion Of Lumbar And Lumbosacral Spine, Anterior 
Column, Posterior Technique

81.38 0195T, 0196T, 0309T, 22586, 22612, 22614, 22630, 
22632, 22800

To ensure complete coverage of relevant procedure codes, ICD-9-CM procedure codes for posterior approach for thoracic, lumbar, or sacral spinal fusion 
were confirmed against a list of all Current Procedural Technology (CPT) procedure spinal fusion codes using Encoder Pro.com (Optum, USA).
ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification.

Table 2. ICD-9-CM Codes for Patient Characteristics

Patient Characteristics ICD-9-CM

Atherosclerosis 440.x
Coronary artery disease 414.0x
Carotid artery stenosis 433.1x
Diabetes mellitus 250.0x
Hypertension 401.x
Obesity 278.0x
Peripheral vascular disease 443.x
Smoking V15.82, 305.1
Anemia 280.x, 285.2x
Transfusion 99.00, 99.04
Stroke 997.02, 434.91, 434.11, 434.01

An “x” at the end of Internal Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) code signifies that multiple suffix codes 
were used to search for associated conditions.
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Atherosclerosis, carotid artery stenosis, peripheral vascu-
lar disease, and race other than white, Hispanic, or Asian/
Pacific Islander had insufficient sample size, and there-
fore, risk with these parameters could not be calculated 
accurately. In the final model (table 6), the IRR for ION 
decreased from 1998 to 2012 (IRR, 0.72 per 3-yr period; 
95% CI, 0.58 to 0.88; P  =  0.002). Factors significantly 
associated with ION were increasing age (IRR, 1.24 per 
10 yr of age; 95% CI, 1.05 to 1.45; P  =  0.009), blood 
transfusion (IRR, 2.72; 95% CI, 1.38 to 5.37; P = 0.004), 
and obesity (IRR, 2.49; 95% CI, 1.09 to 5.66; P = 0.030). 
Being female was protective (IRR, 0.30; 95% CI, 0.16 to 
0.56; P < 0.000). The Poisson regression showed good fit, 
as Pearson goodness-of-fit test was not significant at the 

5% level. Furthermore, lack of collinearity in the model 
was suggested by variance inflation factor less than 10 for 
all covariates.

Discussion
POVL after spine fusion surgery continues to be a devas-
tating complication, with ION the most frequent cause 
of visual loss in this surgical cohort. Encouragingly, this 
study illustrated significantly decreasing ION in spinal 
fusion; incidence in 2010 to 2012 was about one third 
than in 1998 to 2000. The lack of change in incidence of 
RAO suggests that the mechanisms of these disorders are 
different; moreover, the RAO results serve as an inherent 
control, further confirming the validity of the results.

Table 3. National Estimates of ION and RAO in Thoracic, Lumbar, and Sacral Spine Fusion from 1998 to 2012 in the NIS

Year
Spinal Fusion  

Cases (n)

ION among Spinal 
Fusion Cases,  

n (95% CI)

ION per 10,000  
Spinal Fusions  

(95% CI)

RAO among Spinal 
Fusion Cases,  

n (95% CI)

RAO per 10,000  
Spinal Fusions  

(95% CI)

1998–2000 262,279 43 (15–72) 1.63 (0.57–2.75) 23 (2–45) 0.88 (0.076–1.72)
2001–2003 399,773 52 (19–84) 1.30 (0.48–2.10) 33 (7–60) 0.83 (0.18–1.50)
2004–2006 492,133 69 (32–105) 1.40 (0.65–2.13) 34 (8–61) 0.69 (0.16–1.24)
2007–2009 623,434 49 (11–87) 0.79 (0.18–1.40) 67 (26–104) 1.07 (0.42–1.67)
2010–2012 733,454 44 (13–74) 0.60 (0.18–1.01) 66 (29–104) 0.90 (0.40–1.42)
Total 2,511,073 257 (182–331) 1.02 (0.72–1.32) 224 (151–296) 0.89 (0.60–1.18]

Ischemic optic neuropathy (ION) in posterior spinal fusion procedures decreased significantly between 1998 and 2012; however, retinal artery occlu-
sion (RAO) remained unchanged. To calculate incidence of ION and RAO per 10,000 cases, time was divided into 3-yr periods (1998–2000, 2001–2003, 
2004–2006, 2007–2009, and 2010–2012). This enabled numerator (ION or RAO cases per time period) to reach the threshold for reporting (> 10), while the 
denominator was the number of spinal fusion procedures per time period. Estimates from the Nationwide Inpatient Sample (NIS) were created using the 
trend weights and stratum variables from the NIS and the survey function of Stata (Stata Corp., USA).

Fig. 1. The y-axis shows the 3-yr incidence of ischemic optic neuropathy (ION) and retinal artery occlusion (RAO) per time period 
(x-axis), using national estimates from the Nationwide Inpatient Sample. The data are shown as incidence point estimates ± 95% 
CIs. Three-year periods were used, as Agency for Health Research and Quality does not allow reporting results less than 10. The 
incidence of ION, but not RAO, significantly decreased over time.
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We cannot determine the mechanism of this trend in 
ION. A possible cause is changes in surgical and anesthe-
sia practice, perhaps driven by the heightened awareness 
generated by the literature, advisories, and consensus state-
ments. However, there are other possible trends that cannot 
be assessed by our study, such as changes in surgical patient 
selection, intraoperative positioning, and postoperative 
management.

The mechanism of perioperative ION, particularly pos-
terior ION, remains elusive, but retrospective studies have 
revealed associated factors. A case–control study from a single 
institution examined 126,666 general anesthetic records and 
found 17 patients with perioperative ION; a subpopulation 
underwent spine fusion. They could not identify differences 

in intraoperative hemodynamic parameters between ION 
patients and the matched controls, suggesting either that 
patient-specific characteristics may be involved or that the 
number of cases identified yielded insufficient study power.12 
Subsequently, a case–control study compared perioperative 
data between 80 spinal fusion cases with ION from the ASA 
POVL Registry and 315 unaffected control patients under-
going similar procedures from 17 North American institu-
tions. Male sex, obesity, Wilson frame use, longer anesthetic 
duration, greater estimated blood loss, and a lower percent-
age of colloid in nonblood fluid administration were signifi-
cant and independent risk factors for ION.3

In this study, using NIS data, we identified four factors, 
increasing age, male sex, blood transfusion, and obesity, that 

Table 4. Characteristics for All Spinal Fusion Patients and for Those Specifically with Ischemic Optic Neuropathy in the NIS 1998 to 
2012, Based upon Population Estimates

Ischemic Optic Neuropathy Unaffected

All patients: number of discharges 257 2,510,816
Age (yr): all patients, mean (95% CI) 60.0 (56.9–63.1) 56.1 (55.8–56.3)
Length of stay (d), mean (95% CI) 7.4 (6.1–8.7) 4.9 (4.8–5.0)
Total hospital charges, mean (95% CI) 132,504 (103,544–161,465) 95,347 (92,150–98,545)
Sex
        Male (%) 179 (69.6) 1,122,459 (44.7)
        Female (%) 78 (30.4) 1,387,191 (55.2)
Type of admission
        Elective (%) 153 (60) 1,870707 (75)
        Nonelective (%) 34 (13) 254,576 (10)
        Unknown 70 (27) 385,533 (15)
Discharge status
        Routine (%) 122 (≥ 45.9) 1,650,983 (65.7)
        Various transfers (%) 95 (≥ 35.7) 493,573 (19.7)
        Home health care (%) 39 (≥ 14.7) 354,058 (14.1)
        Other (%) 0 (0) 8,304 (0.3)
        Unknown 0 (0) 459 (0.02)
Race
        White (%) 181 (≥ 81.9) 1,675,794 (66.9)
        Black (%) ≤ 10 (≤ 4.5) 129,545 (5.2)
        Hispanic (%) ≤ 10 (≤ 4.5) 116,325 (4.6)
        Asian or Pacific Islander (%) ≤ 10 (≤ 4.5) 19,461 (0.8)
        Other (%) ≤ 10 (≤ 4.5) 53,763 (0.3)
        Unknown 67 (26.1) 515,927 (20.5)
Transfusion (%) 76 (29.6) 350,464 (14.0)
Obesity (%) 44 (17.1) 247,176 (9.8)
Mean number of vascular factors 

listed below (95% CI)
1.07 (0.77–1.35) 0.91 (0.90–0.93)

        Stroke (%) ≤ 10 (≤ 3.9) 3967 (0.2)
        Hypertension (%) 125 (48.6) 1,073,017 (42.7)
        Diabetes mellitus (%) 43 (16.7) 332,748 (13.3)
        Atherosclerosis (%) ≤ 10 (≤ 3.9) 38,635 (0.3)
        Peripheral vascular disease ≤ 10 (≤ 3.9) 31,265 (1.2)
        Coronary artery disease (%) 34 (13.2) 215,690 (8.6)
        Smoking (%) 57 (22.2) 584,316 (23.3)
        Carotid artery stenosis (%) 0 (0.0) 5,996 (0.2)

Results are nationwide estimates using Nationwide Inpatient Sample (NIS) weighting and the Stata survey function. Numbers are presented as count  
estimates or mean (%) and mean (95% CI) when indicated. Results with n < 10 could not be reported. See Materials and Methods for diagnostic codes used 
to identify characteristics. Spinal fusion cases were lumbar, thoracic, or sacral, using a posterior surgical approach. Total charges (not including professional 
fees) were inflation adjusted to 2012 dollars using Bureau of Labor Statistics (http://www.bls.gov/data/).
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were associated with the development of perioperative ION 
in a multivariate model. While the NIS database does not 
provide intraoperative data, we demonstrated that two of the 
factors overlapped with the earlier case–control study: male 
sex and obesity. Transfusion may be a surrogate for blood loss.

The strengths of this study included a large database, 
the size of which exceeded that examined in our previous 
case–control study.3 In the 2012 case–control study, the 
80 patients with ION had been anonymously submitted 
by medical practitioners, quality improvement administra-
tive personnel, and patients. Biased sampling technique or 
incorrectly entered data could not be ruled out, and some 
data points were missing in the records.3 For the unaffected 
controls, the study used a much smaller sampling of hospi-
tals compared to the NIS; hospitals from which the affected 

patients were derived was anonymous; hence, it is not 
known if the sampling was representative of all patients in 
the United States who underwent the procedure. But, the 
NIS has the advantage of providing a randomized sampling 
of discharges from hospitals.

Why men were at higher risk for ION remains unclear 
since there are no known anatomic variations between the 
male and female visual pathways. An influence of female 
hormones including estrogen could play a role.21 Acute 
venous congestion of the head and neck secondary to patient 
position is a possible mechanism for ischemic damage to the 
optic nerve, which corresponds well with one of the theo-
ries on ION pathogenesis.22 Anatomic differences between 
men and women, which may become evident when they are 
positioned on the Wilson frame, may play a role in causing 

Table 5. Univariate Analysis for ION for Spinal Fusion in the Nationwide Inpatient Sample 1998 to 2012

Incidence Risk Ratio 95% CI P Value

ION 3-yr interval (continuous) 0.72 0.58–0.88 0.002
Retinal artery occlusion 3-yr interval (continuous) 1.04 0.83–1.31 0.737
10-yr age (continuous) 1.23 1.03–1.46 0.022
Sex (male = 0, female = 1) 0.30 0.16–0.56 0.0002
Race (reference: white)
        Hispanic 0.323 0.04–2.59 0.287
        Asian or Pacific Islander 2.70 0.33–21.7 0.352
        Unknown 1.16 0.59–2.29 0.662
        Other —
Transfusion 2.72 1.37–5.40 0.004
Obesity 2.41 1.06–5.48 0.036
Vascular factors
        Stroke 7.38 0.89–61.27 0.064
        Hypertension 1.11 0.58–2.16 0.748
        Diabetes mellitus (%) 1.07 0.48–2.40 0.87
        Atherosclerosis —
        Peripheral vascular disease —
        Coronary artery disease 1.00 0.43–2.32 0.995
        Smoking 1.05 0.54–2.05 0.89
        Carotid artery stenosis —

Univariate regression using a Poisson regression shows a decrease in ischemic optic neuropathy (ION) for female sex and procedures performed closer to 
2012. Increase in ION counts is observed with older patients, obese patients, and those receiving a blood transfusion. A similar Poisson regression with 
retinal artery occlusion showed no change in the rate during the same time period. Data coding is indicated in the left column of the table. Dashes indicate 
not enough data available for regression analysis or no ION cases containing that characteristic.

Table 6. Multivariate Analysis for ION for Spinal Fusion in the Nationwide Inpatient Sample from 1998 to 2012

Incidence  
Risk Ratio 95% CI

Poisson Regression 
P Value VIF

Pearson  
Goodness-of-Fit  

(P Value)

ION, 3-yr interval (continuous) 0.72 0.58–0.88 0.002 1.03 0.9999
Sex (male = 0, female = 1) 0.30 0.16–0.56 0.0002 1.02
Age (per 10 yr) 1.24 1.05–1.45 0.009 1.04
Transfusion 2.72 1.38–5.37 0.004 1.02
Obesity 2.49 1.09–5.66 0.030 1.02
Stroke 7.27 0.87–60.48 0.067 1.00

Surgery closer to 2012 and female sex decreased risk for ischemic optic neuropathy (ION), and increasing age, transfusion, and obesity increased risk. 
Values from univariate analysis (table 5) with P < 0.2 were entered into the multivariate regression model using the Poisson regression. Variance inflation 
factor (VIF) values <10 indicated lack of collinearity. We cannot reject the hypothesis that the data are Poisson distributed because the Pearson goodness-
of-fit test is not significant at the 5% level.
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greater interstitial fluid accumulation in men that may pre-
dispose to a higher incidence of ION. It is possible that 
obese men are more likely to lose greater amounts of blood 
and require more fluid during spine surgery.

A new finding was that age was a risk factor for ION in 
spinal fusion. There was a 24% increase in incidence risk 
ratio per 10 yr of age. It may be related to older patients 
requiring more complex surgery or to increased vulnerabil-
ity of the optic nerve to physiologic insults associated with 
major spine surgery, as the optic nerve undergoes significant 
degeneration with age.23 We found no influence of diabetes 
mellitus, hypertension, coronary artery disease, number of 
vascular risk factors, or smoking on the risk of developing 
ION. Stroke (none were postoperative stroke) was not sig-
nificant in the multivariate analysis. However, sample sizes 
of affected patients were small and could have influenced 
these results. Due to missing data, it is not possible to assess 
the impact of any possible racial disparities on the results.

Our study demonstrated longer length of stay and higher 
hospital charges in patients who sustained ION. While these 
patients typically undergo more in-hospital diagnostic pro-
cedures, and/or treatment of ION, we cannot definitively 
conclude that longer stay and higher charged were caused 
by ION. Patients who are older and undergo more complex 
surgery, e.g., greater number of spine levels fused, and hence 
sustain longer hospital stays, could also be the same patients 
who are at risk of ION. However, we were unable to study 
the effect of number of levels fused as these data were only 
sparsely present in the database.

In addition to understanding the risk factors associated 
with ION, there has been a coordinated and concerted 
effort to increase awareness and help guide patient manage-
ment. In 2006 (and revised in 2012, but the latter cannot 
be related to the results in this study), the ASA produced 
practice advisory statements to help educate and guide prac-
tice for spine fusion surgery.15 We cannot determine from 
the current study what role, if any, these advisory statements 
have had on the changing incidence of ION. One notable 
change in spine surgery has been the increasing use of “mini-
mally invasive” surgical techniques.24 These have been shown 
to result in less blood and fluid requirements compared to 
the traditional “open” approach.24,25 Although it would have 
been relevant to study the impact of this change on ION 
incidence, there was no specific procedure code for the “min-
imally invasive” procedure before 2013.26

There are limitations to this study. The NIS database relies 
on the accuracy of diagnosis and coding. Verification of each 
individual case and the associated medical diagnoses are not 
possible as the discharge records are deidentified. Currently, 
there are not enough data in the literature to assess the accu-
racy of coding in NIS for uncommon complications such as 
ION and RAO.27 Both over- and undercoding are possible. 
Also, it is not possible to rule out if changes in coding fre-
quency of ION or of the spinal fusion procedure codes are 
involved in the incidence data results. The coding discharge 

information depends upon entry of the data by professional 
coders; however, the accuracy of the information in turn 
depends upon the diagnoses recorded by physicians and the 
procedure description provided by the surgeon. To avoid 
confounding issues with procedure coding, a wide range of 
codes for posterior spinal fusion was used and compared to 
Current Procedural Technology codes, which are more com-
monly used for procedure coding in the United States for 
billing purposes. However, given the nationwide scope of the 
NIS, systematic bias in this coding appears improbable. Some 
cases of ION may have been preexisting which would lead to 
a false elevation of the incidence. The severity of injury using 
the NIS cannot be quantified, and the type of ION (anterior 
vs. posterior) cannot be differentiated. The NIS only identifies 
diagnosed cases of ION but does not stratify the extent of loss 
of vision. NIS data lack longitudinal information (i.e., a single 
individual cannot be tracked across multiple hospitalizations 
or for follow-up after surgery). NIS does not contain intraop-
erative data such as anesthetic technique, length of surgery, 
surgical positioning, blood loss, or volume of fluids infused.16

Definitive conclusions concerning changes in intraopera-
tive technique and practice cannot be made from this study. 
This area remains challenging to appropriately study in the 
clinical setting since rates of ION are low and deliberately 
manipulating intraoperative variables in a randomized con-
trolled design would be difficult if not unethical. Despite the 
continual and dramatic increase in spinal fusion utilization, 
the rates of ION after spine fusion in our study have declined 
significantly between 1998 and 2012. Further study of large 
multicenter databases that contain more pertinent intraop-
erative data may allow assessment of whether perioperative 
surgical and anesthetic practice has been modified consistent 
with the recommendations of the national practice advisories.
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