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ABSTRACT
Background: Intraoperative neurophysiological monitoring (IONM) is used during spinal surgery
to preserve neural structures. IONM can detect damage early on and guide early clinical
management to improve patient outcomes. Concern about adequate research to support the use of
IONM has threatened its eligibility for Medicare/Medicaid reimbursement.
Objective: To evaluate any association between IONM and length of hospital stay, patient
mortality and post-discharge disposition.
Methods: A retrospective cohort study was used to compare outcomes among adult patients who
underwent spinal surgery in 2010 in United States hospitals. Data from the Healthcare Cost and
Utilization Project (HCUP) Nationwide Inpatient Sample (NIS) were obtained and analyzed.
Results: Average length of hospital stay for patients undergoing spinal fusion surgery with IONM
was reduced by half a day compared with patients undergoing spinal fusion procedures without
IONM. There were no differences detected in patient mortality or post-discharge disposition.
Conclusion: IONM may allow for the early identification of surgical complications among
patients presenting for spinal fusion surgery, resulting in a reduction in hospital length of stay.
Investigators recommend additional studies to allow for an evidence-based decision on whether

IONM should continue to be eligible for Medicare/Medicaid reimbursement.

Keywords: Minimally Invasive Surgical Procedures/methods; Monitoring,

Intraoperative/methods; Neurosurgical Procedures/methods; Spinal

Stenosis/surgery
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Introduction

Intraoperative neurophysiological monitoring (IONM) is used to preserve the structural and
functional ability of neural structures by diligently monitoring localized neural structures.® Spinal
surgery, although an effective tool to alleviate many diseases and disorders of the spine, comes
with certain risks. Several anatomical structures including nerve roots, lumbar plexus, vasculature
and the spinal cord are all exposed and susceptible to injury. IONM can detect damage early on
and clinicians may then proceed to appropriately manage the conditions. While promising in this
regard, some researchers assert that IONM lacks sufficient evidence to justify its role in reducing
neurological deficit.? Without solid evidence for the advantages of IONM, clinicians may be more
apprehensive in applying it and insurers will be less likely to provide reimbursement.® Changes
in January 2013 to reimbursement policies by the Centers for Medicare and Medicaid Services
may also negatively impact utilization of IONM despite its clinical benefits.*

Researchers have recently reported that patients who underwent spinal surgeries for non-
trauma, non-tumor presentations and who had IONM monitoring were significantly less likely to
experience neurological complications and in-hospital mortality than those without IONM
monitoring.®>  Spinal fusion, the preferred surgical therapy for stenosis—a condition involving
the compressing of spinal nerves by a thickening of tissues, bulging discs and arthritic spurs®—
carries a 5.6% chance of life-threatening risks.” It is, therefore, commonly performed with IONM.

To evaluate the benefit of IONM, the present study was designed to test the hypothesis that
patients who undergo spinal fusion surgery and who are exposed to IONM have decreased lengths
of stay and better disposition compared with patients who are not exposed to IONM. Results from

this study will be used to make recommendations on IONM use.
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Methods

Study Design

This retrospective cohort study compared outcomes among eligible subjects to evaluate the

effectiveness of IONM.

Subjects and Setting

To evaluate the effectiveness of IONM, this study analyzed data on adult patients who

underwent spine surgery in 2010 in New York hospitals.

Data Source

The Healthcare Cost and Utilization Project (HCUP) Nationwide Inpatient Sample (NIS)
served as the data source for this project.2 The NIS, which is sponsored by the Agency for
Healthcare Research and Quality (AHRQ), is a database of hospital inpatient stays and discharges
beginning in 1988. It includes such data as diagnoses, procedures, discharged status, patient
demographics, and the charges for inpatient care regardless of payer (e.g., Medicare, Medicaid,
private insurance, uninsured). The NIS sampling frame grew from 8 States in 1988 to 46 States in

2011. It contains data from more than 7 million hospital stays each year.

Analysis

Inclusion Criteria. Patients included in these analyses were those who underwent spinal
fusion surgery without major complications or co-morbidities (2010 DRG 460) in the state of New
York. These patients were chosen given the high frequency in which IONM is utilized during

these procedures.
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Exposure Variable. The primary exposure variable was intra-operative monitoring (IONM)
among eligible subjects. IONM was identified through ICD9 procedure code 00.94 (coded as 0094
in the database).

Outcome Variables. The primary outcome variable was length of stay. Secondary outcome
variables evaluated included disposition and death.

Descriptor and Confounder Variables. Other variables included in the analyses included age,
gender, race, and number of chronic conditions.

Analysis. Demographic data were summarized and compared using the t-test or Mann-
Whitney test, as appropriate, for continuous data and the Fisher’s Exact or chi-square test for
categorical data. Multivariate regression analyses utilizing generalized linear modeling were run
with length of stay as a continuous dependent variable and age, gender, race, number of chronic
conditions as independent variables. All variables were also evaluated as potential confounders

and interaction terms.

Results

Application of the inclusion criteria yielded a sample size of 1,681 subjects. Demographic
and clinical characteristics are shown in Table 1. Univariate analyses comparing length of stay,
disposition and death by IONM are shown in Table 2. Median length of stay was 3.0 days (IQR: 2-
4 days) vs. 3.0 days (IQR: 3-5 days) (p<0.01) for patients receiving vs. not receiving IONM.
Multivariate analyses revealed that IONM remained associated with a reduction in overall length

of stay (-0.6 days, p<0.01) while controlling for age.
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Discussion

This study confirmed that patients who underwent spinal fusion surgery with IONM have a
shorter in-hospital stay than patients who did not have IONM during surgery. There were no
differences evaluated, however, between these patient groups in terms of mortality and post-
discharge disposition. It should also be noted that a fair number of patients who did not receive
IONM had a length of stay greater than two weeks.

The primary strength of this study is its use of HCUP. HCUP serves as a reliable, rich data
source for secondary data analyses such as the current study. Given the number of patients on
which the HCUP collects data, investigators limited data to discharges reported from hospitals
from New York in order to have a sufficiently powered study. The inherent disadvantage of
secondary data analyses, however, is the lack of detailed patient data that would allow for the
proper control of variables that would impact length of stay or patient mortality, i.e. comorbidity
severity. Investigators, however, did perform a multivariate analysis using data available,
including number of comorbidities to properly evaluate the potential benefit of IONM. These
results indicate that IONM may, as previous research has indicated, improve patient outcomes

among those presenting for spinal fusion surgery.

Conclusion
Further research, preferably using longitudinal, primary data collection would confirm these
results and the findings of earlier studies. This would allow for an evidence-based decision on

whether IONM for spinal fusion surgery should continue to be reimbursed.
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Table 1. Patient characteristics by IONM exposure in New York. N=1681.

Age, years

GENDER

Male

Female

RACE

White

Black

Hispanic

Other

NUMBER OF CHRONIC CONDITIONS

4-6

7+
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IONM
(n=198)

Mean + SD
(range)

51.9+135
(20 — 87 years)

N (%)
103 (52.0)
95  (48.0)
179 (90.4)
12 (6.1)
3 (L5)

4 (20)

6 (30
88 (44.4)
77 (38.9)
27 (13.7)

No IONM
(n=1483)
Mean + SD p-value
(range)
539+ 144 0.07

(18 — 89 years)

N (%) p-value
0.20
699 47.2)
784  (52.9)
<0.01
1183  (80.3)
124 (8.4)
98 6.7)
68 (4.6
0.80
32 (2.1)
691 (46.6)
578 (39.0)
182 (12.3)



Table 3. Length of stay and disposition by IONM exposure by state.

California
(n=372)

Colorado
(n=1490)

Florida
(n=4063)

Georgia
(n=1794)

Ilinois
(n=1148)

Indiana
(n=1536)
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IONM
(n=70)
Mean = SD Range
40+331 1to 21 days
IONM
(n=389)
Mean = SD Range
3.34+1.83 1to 19 days
IONM
(n=321)
Mean = SD Range
4.36 + 2.58 0 to 28 days
IONM
(n=201)
Mean = SD Range
4,02 +3.20 1 to 25 days
IONM
(n=326)
Mean = SD Range
3.51 £1.55 1to 13 days
IONM
(n=130)
Mean + SD Range
3.65+ 1.60 1to 12 days

Benefits of IONM

No IONM
(n=302)

Mean = SD Range

3.92+1.84 0to 12 days

No IONM
(n=1101)
Mean = SD Range

356 +2.11 0 to 26 days

No IONM
(n=3742)
Mean = SD Range

3.75+2.45 0 to 52 days

No IONM
(n=1593)
Mean = SD Range

3.56 +2.36 0 to 25 days

No IONM
(n=822)
Mean = SD Range

3.59 +1.98 0 to 18 days

No IONM
(n=1406)
Mean + SD Range

3.58t02.15 0 to 30 days

p value

0.7933

p value

0.0673

p value

< 0.0001

p value

0.0135

p value

0.4748

p value

0.7452
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Maryland
(n=935)

Michigan
(n=1198)

Minnesota
(n=1242)

Missouri
(n=1698)

North
Carolina
(n=2745)

Nevada
(n=1125)

New York
(n=1681)
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IONM
(n=263)
Mean = SD Range
2.16 £ 1.59 1to 13 days
IONM
(n=277)
Mean = SD Range
2.25+1.78 0 to 13 days
IONM
(n=60)
Mean = SD Range
5.22+1.99 2 to 10 days
IONM
(n=191)
Mean = SD Range
2.65+1.75 1 to 10 days
IONM
(n=217)
Mean = SD Range
456 +1.85 1to 15 days
IONM
(n=133)
Mean = SD Range
3.16+1.30 0 to 9 days
IONM
(n=198)
Mean = SD Range
3.43£1.65 1to 11 days

Benefits of IONM

No IONM
(n=672)
Mean = SD Range

2.74+1.93 1to 21 days

No IONM
(n=921)
Mean = SD Range

3.67 +2.65 0 to 32 days

No IONM
(n=1182)
Mean = SD Range

415+ 1.70 0to 17 days

No IONM
(n=1507)
Mean = SD Range

3.15+1.89 0 to 16 days

No IONM
(n=2528)

Mean = SD Range

3.93+2.35 0 to 31 days

No IONM
(n=992)
Mean = SD Range

3.29+2.29 0 to 26 days

No IONM
(n=1483)
Mean = SD Range

4.04 +2.74 0 to 42 days

p value

0.0019

p value

< 0.0001

p value

< 0.0001

p value

0.0005

p value

0.0001

p value

0.5179

p value

0.0026
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Ohio
(n=2102)

Oklahoma
(n=1296)

Pennsylvania
(n=1831)

Texas
(n=3436)

Virginia
(n=1984)

Wisconsin
(n=960)
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IONM
(n=366)
Mean = SD Range
2.63+1.08 1to 9 days
IONM
(n=119)
Mean = SD Range
3.59 + 2.63 1 to 19 days
IONM
(n=47)
Mean = SD Range
417+ 251 2 to 14 days
IONM
(n=175)
Mean = SD Range
295+ 1.84 0to 12 days
IONM
(n=22)
Mean + SD Range
3.73+£1.32 2 to 7 days
IONM
(n=28)
Mean = SD Range
2.96 + 1.53 1to 7 days

Benefits of IONM

No IONM
(n=1736)

Mean = SD Range

3.19+1.87 0to 17 days

No IONM
(n=1177)

Mean = SD Range

3.41+2.28 0 to 37 days

No IONM
(n=1784)

Mean = SD Range

3.76£2.14 1 to 34 days

No IONM
(n=3161)

Mean = SD Range

3.15+1.92 0to 17 days

No IONM
(n=1962)

Mean = SD Range

3.31+1.87 0 to 22 days

No IONM
(n=932)

Mean = SD Range

3.64+1.76 0 to 16 days

p value

< 0.0001

p value

0.4281

p value

0.1988

p value

0.1929

p value

0.2944

p value

0.0460
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