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Abstract
Study Design—Retrospective analysis of Medicare claims linked to a multi-center clinical trial.

Objective—The Spine Patient Outcomes Research Trial (SPORT) provided a unique opportunity
to examine the validity of a claims-based algorithm for grouping patients by surgical indication.
SPORT enrolled patients for lumbar disc herniation, spinal stenosis, and degenerative
spondylolisthesis. We compared the surgical indication derived from Medicare claims to that
provided by SPORT surgeons, the “gold standard”.
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Summary of Background Data—Administrative data are frequently used to report procedure
rates, surgical safety outcomes, and costs in the management of spinal surgery. However, the
accuracy of using diagnosis codes to classify patients by surgical indication has not been
examined.

Methods—Medicare claims were link to beneficiaries enrolled in SPORT. The sensitivity and
specificity of three claims-based approaches to group patients based on surgical indications were
examined: 1) using the first listed diagnosis; 2) using all diagnoses independently; and 3) using a
diagnosis hierarchy based on the support for fusion surgery.

Results—Medicare claims were obtained from 376 SPORT participants, including 21 with disc
herniation, 183 with spinal stenosis, and 172 with degenerative spondylolisthesis. The hierarchical
coding algorithm was the most accurate approach for classifying patients by surgical indication,
with sensitivities of 76.2%, 88.1%, and 84.3% for disc herniation, spinal stenosis, and
degenerative spondylolisthesis cohorts, respectively. The specificity was 98.3% for disc
herniation, 83.2% for spinal stenosis, and 90.7% for degenerative spondylolisthesis.
Misclassifications were primarily due to codes attributing more complex pathology to the case.

Conclusion—Standardized approaches for using claims data to accurately group patients by
surgical indications has widespread interest. We found that a hierarchical coding approach
correctly classified over 90% of spine patients into their respective SPORT cohorts. Therefore,
claims data appears to be a reasonably valid approach to classifying patients by surgical
indication.

Keywords
Low Back Pain; Administrative Data; Lumbar Spine Surgery; Sensitivity and Specificity

INTRODUCTION

Researchers have frequently used administrative data to report population-based procedure
rates, surgical safety outcomes, and costs in the diagnosis and management of back pain
related conditions.[1-5] Under key provisions of the Affordable Care Act, they are also
increasingly used to design reimbursement reforms such as bundled payment contracts.[6]
These efforts frequently rely on algorithms based on diagnosis and procedure codes from the
International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) or
procedure codes from the American Medical Association's Current Procedural Terminology
(CPT).[7-91 However, critics have questioned the accuracy of administrative data to
characterize trends in spine surgery, arguing that that they are prone to mis-classification,
lack clinical detail, and useful only for billing purposes.[19-121 While previous studies have
reported the validity of select codes for identifying certain spinal procedures, their validity
in classifying surgical indications has not been previously reported.[X3. 14 Furthermore,
because patients undergoing spine surgery often have multiple degenerative diagnoses, they
frequently have multiple spine-related diagnosis codes, which leads to ambiguity as to which
is the most relevant surgical indication. There is no standardized approach for using claims
data to group patients into clinically meaningful groups based on surgical indication, and the
selective use of codes can result in biased reporting.
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The quality of the information provided by a diagnostic test that is used to discriminate
between two or more groups of patients is often reported as the sensitivity and specificity of
the classification method relative to a gold standard.[5] A major limitation in classifying
patients into groups based on surgical indication has been the lack of an acceptable gold
standard based on surgeon diagnostic and physical evaluation. Data from the Spine Patient
Outcomes Research Trial (SPORT) provided a unique opportunity to examine the validity of
using diagnosis codes to classify patients by surgical indication.[16-18] We report the
sensitivity and specificity of the surgical indication derived from claims, compared to that
provided by surgeons who enrolled patients in SPORT, which served as our “gold standard.”
In essence, we used the claims as a “diagnostic test” for the primary SPORT indication for
surgery. We further compared three different approaches to classifying SPORT surgical
patients based on administrative data: 1) relying on the first listed (“primary”) diagnosis
only, 2) searching all listed diagnoses associated with a patient's admission and creating
independent non-mutually exclusive variables for each diagnosis indication (“All
diagnoses”), and 3) searching all listed diagnoses associated with a patient's admission and
grouping them into a mutually-exclusive hierarchy for surgical indication (“All diagnoses,
hierarchy”).

SPORT is a unique multi-center randomized trial comparing non-operative care to surgery
for three distinct cohorts: disc herniation, spinal stenosis, and degenerative
spondylolisthesis. A parallel observational cohort was enrolled using exactly the same
protocol except treatment was determined by patient choice. Details of SPORT have been
reported elsewhere.[16-18] Consenting participants enrolled into one of the three SPORT
cohorts. Rigorous inclusion and exclusion criteria, including imaging confirmation of
pathoanatomy, shared-decision making, and surgeon examination provided a high degree of
confirmation of the surgical indication. We used this indication as the gold standard for
comparing claims-based approaches. SPORT surgical patients over age 65, from both
randomized and prospective cohort studies were included in our analysis.

Medicare claims

We linked Medicare claims by patient age, sex, zip code of residence, and date of surgery to
the SPORT participants over age 65, including all inpatient (Part A) and provider (Part B)
line item claims to provide a complete accounting of the ICD-9-CM diagnosis and CPT
codes for these patients. We included claims submitted for services provided between three
days prior to, and seven days following, the date of the SPORT surgery. We included only
patients who had Medicare eligibility through the Old Age and Survivors Insurance (OASI)
program, excluding those with eligibility through the Social Security Disability Insurance
(SSDI), End Stage Renal Disease (ESRD), or Medicare HMO programs.

We obtained ethical approval for this study from the Committee for the Protection of Human
Subjects at Dartmouth, as well as a data use approval from the Centers for Medicare and
Medicaid Services.
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Claims algorithm

Once the diagnosis codes in the claims were obtained for each Medicare beneficiary in
SPORT, we classified each patient by surgical indication based on a coding algorithm
(Table 1). To develop the algorithm, we identified ICD-9-CM diagnosis codes that are
commonly used to describe abnormal symptoms and diagnoses among patients with spine-
related problems. Spinal operations and vertebral regions involved were further defined by
using ICD-9 and CPT procedure codes. Spine-related ICD-9-CM diagnosis codes were
identified by searching the annual updates published every October by the World Health
Organization.[”] We also referenced the Conversion Tables of New ICD-9-CM Codes
published by the National Center for Health Statistics to help identify newly added or
modified codes. New code assignments are defined by the ICD-9-CM Coordination and
Maintenance Committee. CPT codes are a registered trademark of the American Medical
Association and are designed to inform insurers and epidemiologists about the medical
services that are provided to patients by providers. Relevant CPT codes were identified
through a search of the CPT Assistant Archives, an electronic publication available from the
AMA [19]

The selected codes were then used to define seven diagnostic categories: 1) degenerative
diseases, 2) fracture or dislocation (including osteoporotic compression fracture), 3) spinal
cord injury, 4) congenital or other spinal anomaly, 5) inflammatory spondylopathy, 6)
osteoporosis (not necessarily spine-specific), and 7) surgical aftercare (including codes for
mechanical failure of orthopaedic device). Codes identified as involving degenerative
disease were further sub-divided into six clinically meaningful groups and ordered into
hierarchy for surgical indication (described below).

Classification approach

Using the “primary” approach, we relied on only the first listed diagnosis code to classify
patients in a group based on surgical indication. The first listed diagnosis code is sometimes
deemed to be the most important reason for an admission, depending on the data source.

Using the “All Diagnoses” approach, we searched all listed diagnosis codes associated with
a patient's admission and created non-mutually exclusive variables for each of the surgical
indication groups. Essentially, each patient is characterized by a combination of 5 binary
indicator variables that correspond to the diagnoses for back pain, disc herniation, spinal
stenosis, spondylolisthesis and scoliosis. If any of the diagnosis codes for a given patient fits
the definition for a particular surgical indication group, the indicator variable for that group
is set to positive. Under this approach, a patient may have multiple diagnoses (e.g. a patient
may have a positive indicator for stenosis and a positive indicator for spondylolisthesis).
While this approach is useful for analyzing the overlap of surgical pathology, it is not
practical for differentiating a population by a primary surgical indication because patients
may be assigned to multiple groups.

The Hierarchical approach builds on the All Diagnoses approach. This involved searching
all listed diagnosis codes associated with a patient's admission and grouping them into a
mutually-exclusive hierarchy according to the strength of evidence for performing spinal
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fusion, ordered as: 1) muscle sprains/strains (least supported), 2) non-specific back pain
(includes spondylosis and degenerative discs), 3) herniated disc (with or without
myelopathy), 4) spinal stenosis, 5) spondylolisthesis, and 6) scoliosis (most supported).
Evidence reviews suggest only weak support for fusion surgery in back pain due to
degenerative discs, with no benefit over structured non-operative treatments. Fusion appears
to be more effective for treating deformity, such as degenerative spondylolisthesis, fractures,
and scoliosis, but has been shown to improve outcomes over decompression in patients with
disc herniation or spinal stenosis.

Because SPORT only recruited lumbar surgical candidates, we used a separate set of
indicator variables to restrict our analysis to those claims involving the thoracolumbar,
lumbar, or lumbosacral regions. With the exception of select codes for orthopaedic devices
and osteoporosis, diagnosis codes that were not specifically spine-related (e.g. “psychogenic
pain”) were not included in the algorithm.

The classification of surgical indication based on the administrative coding algorithm was
compared to the diagnosis provided by the SPORT enrolling surgeons using two by two
tables for each cohort. All cases from the coding algorithm that were not concordant with
their respective SPORT surgical cohort were treated as a misclassification. Discordant cases
in the hierarchical approach were inspected to identify opportunities to optimize the
algorithm. In particular, we inspected the frequency of all diagnosis codes when the
hierarchical algorithm appeared to understate the specific pathology. For example, we listed
diagnoses that were coded among those enrolled in SPORT for degenerative
spondylolisthesis, but which the hierarchical algorithm classified as spinal stenosis.

For each of the three claims-based classification approaches, we then reported the sensitivity
and specificity when compared against the SPORT cohort as the gold standard for surgical
indication. Sensitivity refers to the proportion of patients within each SPORT surgical cohort
who were correctly classified by the algorithm as having the diagnosis. For example, it
represents the proportion of SPORT surgical patients with a disc herniation who were
correctly classified as having a disc herniation by the algorithm (calculated as the true-
positive cases from the algorithm divided by the sum of the true-positive cases and falsely-
negative cases). Specificity refers to the proportion of patients outside of each SPORT
cohort who were correctly classified by the algorithm as not having the respective diagnosis.
For example, it represents the proportion of patients who were correctly counted as not
having a disc herniation by our algorithm (the number of true negatives divided by the sum
of the true-negatives and false-positives).

Our algorithm included a category for scoliosis, which was not a SPORT cohort. Patients
with more than 15 degrees of curvature were excluded from all the SPORT cohorts.
Therefore, any scoliosis identified by the algorithms was likely to be mild and clinically
insignificant. Therefore, a separate analysis was performed by reclassifying patients using
the hierarchical approach while ignoring scoliosis as a diagnosis category.

Sine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.
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We successfully linked 376/468 (80.3%) of SPORT surgery patients over age 65 to
Medicare claims, including 21 (5.6%) with a disc herniation, consistent with this not being a
common diagnosis among older adults, 183 (48.7%) with spinal stenosis, and 172 (45.7%)
with degenerative spondylolisthesis. In addition to their degenerative diagnosis, a small
proportion of patients in each SPORT cohort also had diagnosis codes for non-degenerative
spinal problems (appendix A).

Based on a comparison of the sensitivity and specificities, the hierarchical coding approach
was better at correctly classifying SPORT surgical stenosis patients, compared to either the
primary diagnosis approach or the All Diagnosis approach (Table 2). The three approaches
were similar for classifying disc herniation, while the All Diagnosis approach was slightly

better than the hierarchical approach for identifying degenerative spondylolisthesis.

Table 3 provides the cross-classifications between the claims-based hierarchical coding
algorithm and the SPORT Medicare patients for each cohort. The sensitivity for the
hierarchical coding algorithm was 76.2%, 88.1%, and 84.3% for disc herniation, spinal
stenosis, and degenerative spondylolisthesis cohorts, respectively. The specificity of the
algorithm was 98.3% for disc herniation, 83.2% for spinal stenosis, and 90.7% for
degenerative spondylolisthesis. Excluding the scoliosis group from the algorithm resulted in
a slight improvement to classification for stenosis and degenerative spondylolisthesis.

We inspected the listings of ICD-9-CM diagnosis codes among patients for whom the
hierarchical coding algorithm understated the specific pathology relative to the SPORT gold
standard. For example, of the 172 patients with degenerative spondylolisthesis, 27 (15.7%)
were misclassified by the algorithm into another group. Of these 27 cases, 7 were grouped
into as scoliosis, and 20 as spinal stenosis or back pain. Table 4 details the frequency of
spine-related ICD-9-CM diagnosis codes that were listed among those cases in which the
algorithm underreported the pathology (grouped into a lower tier of the hierarchy). There
were 25 spine-related diagnosis codes among the 20 underreported patients with
degenerative spondylolisthesis; code 724.02 (*“spinal stenosis, lumbar without claudication”)
was the most frequently listed code.

CONCLUSIONS

A claims-based hierarchical coding algorithm of spine-related medical encounters correctly
classified over 90% of Medicare patients into their respective SPORT cohorts. The
hierarchical approach classifies patients into a surgical indication group based on the
examination of all available diagnosis codes for a patient. An obvious concern with
classifying patients using the hierarchical approach is that a mild, incidental, or ancillary
diagnosis that is coded may not best reflect the true indication for surgery. Similarly, relying
on the Primary or the All Diagnoses approaches, may also fail to capture the patient's true
indication and desire for surgery. Even when surgical treatment is supported by a valid
indication, it may be inconsistent with a patients values when well informed about treatment
options and associated risks. The protocol for SPORT was more rigorous than previous
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spine surgery studies. Taking the surgical indication provided by the enrolling surgeons in
SPORT as the gold standard, we found that the hierarchical coding algorithm generally out-
performed the other two approaches.

Misclassifications were fairly infrequent with this approach. In the spinal stenosis cohort
they were primarily due to the algorithm attributing more severe pathology (e.g.
degenerative spondylolisthesis) to the patient. Among the degenerative spondylolisthesis
cohort, the algorithm was more likely to understate than to overstate the specific pathology
based on the hierarchy.

The use of a coding algorithm for reporting rates or counts of admission would be unbiased
if the false-negative classification rate was equal to the false-positive classification rate; that
is, if the rates of these misclassifications cancelled each other out. In our analysis of the
SPORT spinal stenosis and degenerative spondylolisthesis cohorts, the false positive rate
was slightly lower than the false negative rate. This finding suggests that the hierarchical
coding algorithm is more likely to slightly underreport these two diagnoses than it is to over
report them.

This study was limited by the relatively small sample of SPORT participants who were also
Medicare beneficiaries, particularly, but expected, for the disc herniation cohort. We were
unable to link Medicare claims for about 20% of the SPORT participants over age 65. These
patients may have been Medicare-HMO, not available in OASI claims, or had claims that
were submitted outside the period of time that we linked claims to patients. While we
accepted SPORT as the gold standard for classifying surgical indications, a true gold
standard may be elusive given the heterogeneity of symptoms and pathology.[20] There is
likely to be some overlap in diagnoses and misclassification in identifying the true source of
pain among SPORT participants. Furthermore, because SPORT patients derived from highly
specialized spinal practices, they may not be representative of typical spine surgery patients.
It is possible that coding practices among these specialized spine practices, participating in a
federally funded trial, are more accurate than that of a typical practice. The meaning for
some spine-related ICD-9-CM procedure codes change on occasion over time, requiring
careful attention to avoid inaccuracy, particularly in longitudinal studies. However, the
definitions for spine-related ICD-9-CM diagnosis codes are more stable over time. Finally,
we were unable to validate algorithms for classifying non-specific back pain or scoliosis
because these were not included in the SPORT study.

Future efforts should focus on exploring ways to further optimize the algorithm, and to
develop similar algorithms incorporating the changes with the adoption of ICD-10 codes in
2014. For example, the use of importance weighting based on commonly used codes, or
their location in the claim, may improve the classification. Researchers should also seek to
validate claims-based approaches for characterizing spine-related utilization (including
manual therapy, imaging, percutaneous procedures, and surgery), as well as spine surgical
safety outcomes, perhaps through comparisons with chart reviews. Finally, analyses
involving the use of claims-based algorithms would be strengthened by discussing the
findings and conclusions with respect to the measurement errors that we report.
Understanding the rates of misclassification when grouping spine surgery patients by
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surgical indication may be informative to future observational research that relies on claims
data.

Supplementary Material
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Acknowledgments

The findings and conclusions expressed are solely those of the author(s) and do not necessarily represent the views
of any agency of the Federal Government.

The Manuscript submitted does not contain information about medical device(s)/drug(s). Agency for Healthcare
Research and Quality (grant number HS018405); National Institute of Arthritis, Musculoskeletal, and Skin Diseases
(grant number P60AR062799); and National Institute on Aging (grant number 1IRC1AG036268) grant funds were
received to support this work. Relevant financial activities outside the submitted work: grant, fees for participation
in review activities, payment for manuscript preparation, board membership, consultancy, grants/grants pending,
travel/accommodations/meeting expenses, and stock/stock options.

REFERENCES

1.

Deyo RA, Dray DT, Kreuter W, et al. United States trends in lumbar fusion surgery for degenerative
conditions. Spine (Phila Pa 1976). 2005; 30(12):1441-5. discussion 1446-7. [PubMed: 15959375]

. Deyo RA, Mirza SK, Martin B, et al. Trends, major medical complications, and charges associated

with surgery for lumbar spinal stenosis in older adults. JAMA. 2010; 303(13):1259-65. [PubMed:
20371784]

. Martin BI, Deyo RA, Mirza SK, et al. Expenditures and health status among adults with back and

neck problems. JAMA. 2008; 299(6):656-64. [PubMed: 18270354]

. Martin BI, Mirza SK, Franklin GM, et al. Hospital and surgeon variation in complications and

repeat surgery following incident lumbar fusion for common degenerative diagnoses. Health Serv
Res. 2013; 48(1):1-25. [PubMed: 22716168]

. American Academy of Orthopaedic Surgeons. , editor. The Burden of Musculoskeletal Diseases in

the United States. American Academy of Orthopaedic Surgeons; Rosemont, IL.: 2008.

. Sood N, Huckfeldt PJ, Escarce JJ, et al. Medicare's bundled payment pilot for acute and postacute

care: analysis and recommendations on where to begin. Health Aff (Millwood). 2011; 30(9):1708-
17. [PubMed: 21900662]

. Centers for Disease Control and Prevention. [November, 18, 2013] International Classification of

Diseases, Ninth Revision, Clinical Modification. 2010. Available from: http://www.cdc.gov/
nchs/icd/icd9cm.htm.

. Wang MC, Laud PW, Macias M, et al. Utility of a Combined CPT and ICD9-CM Code Algorithm

in Classifying Cervical Spine Surgery for Degenerative Changes. Spine (Phila Pa 1976). 2011

. Cherkin DC, Deyo RA, Volinn E, et al. Use of the International Classification of Diseases (ICD-9-

CM) to identify hospitalizations for mechanical low back problems in administrative databases.
Spine (Phila Pa 1976). 1992; 17(7):817-25. [PubMed: 1386943]

10. Romano PS, Schembri ME, Rainwater JA. Can administrative data be used to compare

postoperative complication rates across hospitals? Med Care. 2002; 40(10):856-67. [PubMed:
12395020]

11. Dang AB, Garfin SR. Can statistics alone add clinical meaning to non-specific billing databases?

Commentary on an article by Richard A. Deyo, MD, MPH, et al.: “Revision surgery following
operations for lumbar stenosis”. J Bone Joint Surg Am. 2011; 93(21):e1281-2. [PubMed:
22048107]

12. Faciszewski T, Broste SK, Fardon D. Quality of data regarding diagnoses of spinal disorders in

administrative databases. A multicenter study. J Bone Joint Surg Am. 1997; 79(10):1481-8.
[PubMed: 9378733]

Sine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.


http://www.cdc.gov/nchs/icd/icd9cm.htm
http://www.cdc.gov/nchs/icd/icd9cm.htm

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Lurie et al.

13.

14.

15.

16.

17.

18.

19.
20.

Page 9

Faciszewski T, Jensen R, Berg RL. Procedural coding of spinal surgeries (CPT-4 versus ICD-9-
CM) and decisions regarding standards: a multicenter study. Spine (Phila Pa 1976). 2003; 28(5):
502-7. [PubMed: 12616165]

Omoto D, Bederman SS, Yee AJ, et al. How do validated measures of functional outcome compare
with commonly used outcomes in administrative database research for lumbar spinal surgery? Eur
Spine J. 2010; 19(8):1369-77. [PubMed: 19816717]

Koepsell, TD.; Weiss, N. Epidemiological Methods: Studying the Occurence of Iliness. Oxford
University Press; 2003.

Weinstein JN, Tosteson TD, Lurie JD, et al. Surgical versus nonsurgical therapy for lumbar spinal
stenosis. N Engl J Med. 2008; 358(8):794-810. [PubMed: 18287602]

Weinstein JN, Tosteson TD, Lurie JD, et al. Surgical vs nonoperative treatment for lumbar disk
herniation: the Spine Patient Outcomes Research Trial (SPORT): a randomized trial. JAMA. 2006;
296(20):2441-50. [PubMed: 17119140]

Weinstein JN, Lurie JD, Tosteson TD, et al. Surgical compared with nonoperative treatment for
lumbar degenerative spondylolisthesis. four-year results in the Spine Patient Outcomes Research
Trial (SPORT) randomized and observational cohorts. J Bone Joint Surg Am. 2009; 91(6):1295—
304. [PubMed: 19487505]

American Medical Associations. CPT Code Update (CPT Assistant). CPT assistant;

Deyo RA. Diagnostic evaluation of LBP: reaching a specific diagnosis is often impossible. Arch
Intern Med. 2002; 162(13):1444-7. discussion 1447-8. [PubMed: 12090877]

Spine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.



Page 10

Lurie et al.

T1'508 01508 T°S08
80508 L0'508 90°508
50508 0°508€0°508
¢0'508 T0°'508 00°508
0'508 G08 S6'€€EL
C8'EEL TB'EEL B'EEL
E€T'EELOT'EEL T'EEL
mwﬁoom.mocmm_ﬁ_ 6-Adl

SOA =T ‘ON=0

8Xd3ANIdS

UO011e0|SIP 10 8inoely [eulds

SV LEL ¥ LEL TELEL
6T LEL OT'LEL T'LEL
6'LEL 8°LEL 0T LEL LEL
0S°LEL € LEL 6E°LEL
S9poo sisoubeld 6-ad |

S9A =T :ON =0:.=XAd93a

/XA3ANIS (AyoressiH) 1=xXa93a

$1501100S

2T°9S. TT'9S. 7'8€L
sepoo ssoubelq 6-ad |

S9A =T :ON =0:9=XAd93d

9XA3NIJS ‘(AyoressiH) 9=xao3a

sisalsiy

T0v¢L

0'€2L 6072L 20'VZL
00%2L T6'T2L 2V T2L
s9poo sisoubeld 6-ad |

SOA =T :ON =0:G=X0d93d

GXA3ANIS ‘(AyoreisiH) G=XAao3a

SIS0UaIS

el

V1eLEveL ELCeL
¢leel1LeeL0Leel
6'GGE 0'SSE 6'€SE
mwﬁoom.mocmm_ﬁ_ 6-Adl

S8A =T :ON =0 ¥ =Xd93d

¥XA3ANIS ‘(AyoressiH) y=xao3a

AyredojaAw yum parelutsH

zeel
1122, 0122, 0'22L
sspoo sisoubeld 6-ad |

SOA =T :ON =0 :€ =Xd93d

£XA3ANIdS ‘(AyoreisiH) e=xao3a

AyredojaAw Inoyum pajeluleH

6'velL

8'V2L 6L YL TLVCL
0L'v2L9'vel SvilL
vl €6'¢eL 16'CCL
¢6'¢cL 06'¢ceL9ceL
¢S'¢el 15°¢elSeel
¥'¢¢L 16'T¢L 06°TCL
6'TCL8TCL LTely'TeL
€T¢L2TeLTTeL
0'T¢L T'€cL 8€ECLECL
mwﬁoom.mocmm_ﬁ_ 6-Adl

S8A =T :ON =0:2=Xd93d

ZXA3ANIdS ‘(AyoreisiH) z=xao3a

(s1sojApuods
pue ured Jeixe) uted xoeg

0.8 T V8

6'L78 L¥8 6'978 898
£'9v8 2°9v8 T'9¥8 0°9¥8
sopoo sisoubeld 6-ad |

SSA =T :ON =0:T = XAd93d

TXA3ANIS (AyoressiH) T=xXa93a

suredis/suresds

(ABojoyred o1y193ds

1S0W 0} 1se3| Woly Aydiesaly
AAISN|Xa-A||enInwW © Ul paJapio
a.le sal0bareagns) aanelauabag

sisoubelg

$3d02

ONId0o2D

JNVN ITaVIIVA

Ad0931VvO

dNOodo

"(LdO) s9poD ABojouiLIB L [RINPSJ0.d JUS1IND PUB UOIBIYIPOIA [ED1UI]D ‘SUOISIABI 146 ‘S8SEaSIC O UOIRIIISSE|D [BUOIIBUIBIU] BU} WO} S9POD
uo paseq sdnoib uoibai [eulds pue sisoubelp [njbulueaw AjeaIulo 0JUI SI81UNOJUS [RIIPaW pPale|al-aulds Ylim sjuaited JO UOIRIIISSR|O paseq-Swie|d

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Sine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.



Page 11

8 L1'508 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'508 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'508 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'G08 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'G08 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'G08 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'G08 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'G08 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'G08 9T°G08 ST
8 L1'G08 9T°508 ST
8 L1'508 9T°508 ST
8 L1'G08 9T°G08 ST
8 L1'G08 9T'508 ST
8 L1°508 9T'GU8 ST
8 LT'508 9T'988 ST
8 /1'G08 9T'98 ST
8 L1'508 9T°508 ST

§G8¢¢ ¢S8¢¢ 058¢¢ 0890¢ 0.90¢ 5990¢
€86TT ¢86TT S6579 G859 889€9 099€9
TGEC9 05€¢9 ¢98¢¢ T98¢¢ 19970 18600

(aunpaooud
aulds snoinaid Ajdwi yey) sepod
parejas auids) A1abuns snoinaid

S9p0d 14D SOA =T 'ON=0 €TIXA3ANIdS / UOISIA3 /21edia)e [ed1bing

T8'CBA T8'LTA

60°€EL E0'EEL CO'EEL TO'EEL 00'EEL O'EEL
S9poo sisoubeld 6-ad | SOA =T'ON=0 ¢TXA3ANIdS $15010d031SO

6'0CL

68'0¢L 18°'0¢L 8'0¢L ¢'02L T'0¢L 002
sapod sisoubeiq 6-ad | SOA=TON=0 TIXA3NIdS AuredojApuods Alorewiwelyul

619G LT9SL 9T°9GL GT'9G.L vT1°9GL

€199, 0T'9SL ¢'VSL 06'TV.L ¥'6EL €'6EL

G'8EL 0C'EEL OV’ LCL 9VCL L'€ECL CECeL

0€°¢CL L'TCL 9TCL S'TCL 09 VVE T'veE
sopod ssoubelq 6-ad | SOA =T 'ON=0 0TXA3ANIdS | Apewoue Jeulds Jayio Jo [erusbuo)

¥70°¢S6 0'€S6 6'¢S60T°CS6

60'¢S6 S0'¢S6 €0°¢S6 00°¢S6 0'¢S66°9€E
Sopoo sisoubeld 6-ad | SSA=T!ON=0 6XA3aNIdS Ainful p1og [euids

508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1'508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°508 €1°508 ¢T°508
508 ¥1°G08 €T°508 ¢1°508

S3d02

ONId0D

JNVN ITaVIIVA

AH0931VvO

dNOodo

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2015 April 20.

Spine (Phila Pa 1976). Author manuscript



Page 12

Lurie et al.

S9p0d 14D

SOA=T:ON=0

1934

a10RI0y |

L9'¥8 EIVB EC'LB

$9p0Y 81NPa20.d 6-AD |

€6YY9 T6VY9 G8¢CL

8TEC9 0TECI 18229 0T0CC 16¢¢6 08V
6.vv9 ¢Lvv9 0L¥¥9 0L¥¥9 0LVY9 0LVV9
S9p0J 1dO

SOA=T:ON=0

1093y

219RI0Y}-00IAIBD

99%8 29'¥8 T9'V8
€€ T8 2E T8 €0'T8 20°T8 22 L8 T'E6 2G'EH
S9pP0D 84NP300.d 6-AD |

0256

L'€2/ 0°€5660°2S6 £0°256 00°2ZS6 00°256
0'256 8T'6£8.T'6E8 9T'6£8 GT'6E8 7168
£T°68 0T'6€8T'6€8 80°'6£8 L0'6E8 90°'6€8
G0'6E8 70'6£8E0°6E8 00'6€8 0°6E8 61°908
87°908 21°9089T°908 ST'908 ¥1°908 £1°908
21°908 TT1'908 0T°908 T'908 60°90880°908
£0°908 90°908 S0°908 ¥0'908 £0°90820°908
10908 00°908 0908 8T'G08 LT°508 9T'508
GT°508 ¥1'508 £1°508 0T°S08 T°508 80'S08
£0°508 90°508 S0°S08 ¥70'508 £0°S0800°508
0'508 18'22L 0'€2L T2°22L 022, 8'€TL
T'€CL x€CL T6'CCL ¥'2CL T'TCL QO TCLO'LY8
sepoD sisouleld 6-ad|

0S0€9 020€9 G2TZ. 9ST2L LyTeL

¢yvTeL TvTe/L 1212/ 92T¢/L 2502 0S0¢L
0v0Z. S82€9 08ZE9 0G2€9 86TEY 96TEY
Y6TE9 SYOE9 EVOEI 0¥OEY 00922 ¥S52T
92€22 02222 01222 01122 00122 66812
G990Z 79902 T990Z 0990Z 18600 LS600
G/Z£9 0/2€9 G9ZE9 Z8TEY 08TEY 280E9
T80€9 9209 GL0€9 TS0E9 STOEY TO0EY
9822 19822 9582Z YOEEI 00EE9 L2600
S9poD 1dD

SOA =T :ON=0

0 93y

[edInIB8D

TE'T8 T0'T8
S8p0D 8.NpPsdoid 6-AD |

ZT'6€8 TT'6€8

20'6£8 TO'6£8 21'G08 TT'G08 20'S08 T0'S08
SapoD ssoubelq 6-ao |

G§65¢¢ 065¢¢ 815¢¢ 6TE€CC 8TECC

S8poo |dD

SOA =T :ON=0

vV 934

SIXV/SEY uoifay

§65179
§6579

6978 89'¥8 29'78 9978
G8'%8 £€8'¥8 20°€0 T8'¥'8 69'8L 09'8L 9'8.
86°€0 L6°€0 ¥6'€0 6E'T8 8€'T8 LE' T8 9£°T8
GET8 PE'T8 €S T8 ZE T8 TE'T8 0S T8 60°T8
S9P02 81NPad0.d 6-AD |

8.°966 ¥'SY/\ 65866

67°966 Ti'966 07966 7'966 63966 Z'966
1'8/83 19'966 6'7/8 £8'22L 18°22L 08'22L
Sopoo sisoubeld 6-Ad |

8579 88959 099£9 G9EZ9 SGEC9 G98ZZ 79822
859 88959 099£9 G9EZ9 SGE29 S982Z 9822

S3d02

ONId0D

JNVN ITaVIIVA

AH0931VD | dNOY9O

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Sine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.



Page 13

90€9 G50€9 9T0E9
90€9 GS0€9 9T0E9
90€9 G50€9 9T0€9
90€9 G50€9 W0E9
90€9 G50€9 & 0E9
90€9 G50€9 F0E9
90€9 GS0€9 FF0E9
90€9 GS0€9 9T0E9

09908 9°908 2’508 9508 6. VZLTLVZL
0L%2L 9v2. 6'978 8'9¥8 £9v8 T'9Y8
Sepoo sisoubeld 6-Ad |

0222/ 2072/ 002Z. €829 TTOL9
78229 960.2 £.2€9 892E9 £82€9 8129
S8poDd 1dO

SOA=T:ON=0

S 93y

[eoes

8£'18 LE'T8 9’18

80°T8 L0'T8 90'T8 ¥Z'28 898 S9'¥8 ¥9'¥8
S9P02 81NPa20.1d 6-AD |

0'9¥8 TT'9G. ¥'¥2. 25°22L €12, 0'9V8
sopoo sisoubeld 6-ad |

G676 ¥6Y¥9 TTEZ9 02T2L vTTZL 0TT2L
00TZ. £29%9 229v9 ¥8YvY9 €879 9.v¥9
G/¥9 L0£€9 E0EE9 6TEC9 TTEZI STOZC
S9poD 1dD

SOA =T :ON=0

S7 93d

[eJoesoquin

7’178 0£'6€8 £'6EL

02'658 5908 +'908 G508 7508 £8'22L
20%2L €122, 0T'22L 2V T2L TVl €6'CeL
Sopoo sisoubeld 6-ad |

§622L 12L10

1T/T0 5622, 8STZL 6vT2L 8YTZL £€T2L
TETZL ¥TLY9 282€9 ZTOE9 26229 06229
8552z S2€¢e veeee v1eee L02ze ¥1T1ee
20TZZ 15910 1¥9T0 LE9TO T2S2Z v25ze
£€522 21922 0£922 5292 29822 S982¢C
18229 S00£9 0E0E9 LTOEY LLZEI 2LZE9
£92€9 0029 950£9 LF0EI ¥¥OEI ZHOEY
S9poD 1dD

SOA=T'ON=0

7T 93y

lequinT

€668 2'6€8 522 ¥'T2L
s9po) sisoubeld 6-ad |

08022

6902/ 0259 90EE9 ZOEEI 2G2E9 £0TE
880£9 /809 /509 YESZC G252¢ 225
S9p00 1dD

SOA=T:ON=0

11 93y

Jequinjooeloy |

B/0€9 LL0E9 /8¢E9 982E9
B/0E9 //0€9 /82€9 98¢E9
B/0€9 LL0€9 /8¢€9 98¢E9
B/0€9 LL0E9 /8¢E9 982E9
B/0E9 //0€9 /82€9 98¢E9
B/0€9 LL0€9 /8¢€9 98¢E9
B/0€9 LL0E9 /8¢E9 98CE9
BL0E9 //0€9 /82€9 98¢E9

GE' T8 YE'T8 SO'T8 ¥O'T8
S9P0D 84NP300.d 6-AD |

8'298 8298 6€'908 8£°908 L£'908

9£°908 SE'908 ¥£°908 ££'908 Z€908 TE'908
0£°908 £'908 0T°256 TZ'6€8 62°908 82'908
12°908 92°908 S2"908 72’908 £2°908 ZZ'908
T12'908 02°908 2'908 £'508 2'S08 vE'LEL
T02L 2,22, T1'22L 26'22L 1522, T T2L
sepoD sisoubeld 6-ad|

12€9 T/ZE9 992€9 66TEI L6TEI 980€9 S80E9
12€9 T2ZE9 992€9 66TEI L6TEI 980€9 S80E9
12€9 T/ZE9 992€9 66TEY L6TEI 9809 S80E9
12€9 T/ZE9 992€9 66TEI L6TEI 980€9 S80E9
12€9 T/ZE9 992€9 66TEI Z6TEI 980€9 S80E9
12€9 T/ZE9 992€9 66TEY L6TEI 9809 S80E9
12€9 T/ZE9 992€9 66TEY L6TEI 980€9 S80E9
12€9 1229 992€9 66TE9 Z6TEY 980€9 S80E9

S3d02

ONId0D

JNVN ITaVIIVA

AH0931VvO

dNOodo

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Sine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.



Page 14

Lurie et al.

¥'6€L 6,'908¢L
¥'6€L 61°9082L°

08 T2'908 02908 £'908 69908 ¢9'908 19908
08 T2°908 0£'908 £'908 69908 29'908 19'908

S3d02

ONId0D

JNVN ITaVIIVA

AH0931VvO

dNOodo

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Sine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.



Page 15

Lurie et al.

(g'6€ '1°'52) 0°CE

(508 v29) €L

(976 ‘1'85) 0’18

(109%G6) AnAnisuss

(6'€6 '€'8) 2'06 (Te6'8'€8) 168 | (766 ‘7'96) €86 Anoy10ads

(€726 '6'18) 828 (016'508) €98 | (876 ‘8'¢S) 2°9L Aunmisuss (ss01j03s Buipnjoxe) AyoreseiH ‘sesoubelq (1Y
(e'v6 '8'8) L'06 (088 ‘v'22) z€8 | (766 ‘¥'96) €86 IMRITTRELS

(768 ‘08L) €8 (926 'ce8) 188 | (876 ‘8'¢S) £9L Aunmisuss AyoresoiH ‘ssoubelq |1V

(6'€6 '€'58) 2'06 (922 '9'11) 99T | (9%8 ‘'T°9L) 908 IMRITTRELS

(€726 '6'18) 828 (226'6'06) T'S6 | (6'66 ‘2'9L) 256 Aunmisuss sasoufelq ||

(£'86 'v'26) T'96 (585 ‘0'vy) €'1G | (0°26 ‘T'26) 676 IMRITTRELS

ssoubelp Arewlid

sisaysiojApuods aAlre eusbeq

SIS0URIS [eulds

uolelulsH sia

211S1108 Jeyo souewWw Jo} Jod

uoireoipu| [eaiBuns Buikysse|d Joj wyiiob|y Buipod

10yod 140dS

NIH-PA Author Manuscript

¢ ?olgel

‘yoeoidde uonealyIsse|d yors Jo) A1014193ds pue AUARISUSS
Buipnjoutl ‘sisoubeip 1 40dS 01 aanejal A1abins 1oy uoneaipul Aq syuaned Buidnoub oy sonsiisoeleyd aouewlopiad wyliobe Buipod aAleASILIWPY

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Sine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.



Page 16

Lurie et al.

9.€ 02 2T [0l
SIS01|0JS Se / PaIeISJoN0 puUe ‘SISouds [eulds
16T (%z'6v) S8T se /T ‘uted xoeq se € paressiepun wupliobly (%z'2) 22 | ON
SIS0UBIS [eulds se gT ‘Uoleiuey

65T 3sIpSe T Pa|jodue 140dS (%T°S) 6T (%9°8€) S¥T soA | swseusijojipuods anireeusbeq

9.¢ €67 €81 [0l
SIsolj0os se TT
‘sisayIs110Apuods anire seuabep se 8T palels.eno pue
802 (%0'9) €21 ‘uoireiuLBY JSIp Se 9 pajessepun wuilob Y (%€E'6) € | ON
sisaysoApuods
anleJouabap se /T ‘uoielusey

89T asIpse € pa|j0Jue 1H4OdS (%E'S) 02 (%v'6€) 87T SOA SK0UaIS [eulds

9.€ GGe 4 feoL
s1saysi|o|Apuods
aAITe eUabap se T ‘SISouals [eulds Se € pareIsieno
€ (%68°26) 67€ pue ‘ured >oeq se T perelsepun WyiLob |y (%E'T) § ON
SIS0URIS

44 feulds se 9 pa|j0Jud 1HOdS (%9°T) 9 (%ev) 9T SOA

el ON SOA a51Q parelueH

wuyyiobe
Buipod peseqg-swireld [edlyoreIH

(prepuess p|ob) 1104yoo 140dS

‘wiyiioBie sisoubelp paseg-swie|d [ealyatelaly ayl YlIM SLoY0I pepuels pjob | 4OdS 894y1 10 UOIRDIJISSe|9-SS04 ay) Jo Arwiwing

NIH-PA Author Manuscript

€9l|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Sine (Phila Pa 1976). Author manuscript; available in PMC 2015 April 20.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Lurie et al. Page 17

Table 4

Frequency listing of all diagnosis codes among discordant cases in which the hierarchical coding algorithm
underestimated the specific pathology.

SPORT cohort

Disc herniation Spinal Stenosis Degener ative spondylolisthesis
Listing of spine-related icd-9-cm codesin Listing of spine-related icd-9-cm Listing of spine-related icd-9-cm codesin cases
cases wherethe hierarchical algorithm codesin caseswherethe wherethe hierarchical algorithm underreported
underreported SPORT diagnosis of disc hierarchical algorithm SPORT diagnosis of degener ative
herniation (n = 1) underreported SPORT diagnosis spondylolisthesis (n = 20)
of spinal stenosis (n = 6) [1]
codes Listed diagnosis codes Listed diagnosis codes Listed diagnosis
1 721.3 lumbosacral spondylosis 3 722.10 lumbar disc 11 724.02 spin sten, lumbr wo claud
displacement
1 722.52 lumb/lumbosac disc degen 1 722.73 lumb disc dis 4 733.00 osteoporosis nos
w myelopat
1 729.5 Pain in limb 3 721.3 lumbosacral spondylosis
2 722.52 lumb/lumbosac disc degen
2 727.40 synovial cyst nos
1 997.01 surg complication - cns
1 714.0 rheumatoid arthritis
1 V57.1 physical therapy nec

[1] 6 patients incurred 4 spine-related diagnosis codes, implying that some patients had codes that were not spine-specific based on hierarchical
algorithm.
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