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Object. Large administrative databases have assumed a major role in population-based studies examining health
care delivery. Lumbar fusion surgeries specifically have been scrutinized for rising rates coupled with ill-defined in-
dications for fusion such as stenosis and spondylosis. Administrative databases classify cases with the International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The ICD-9-CM discharge codes are
not designated by surgeons, but rather are assigned by trained hospital medical coders. It is unclear how accurately
they capture the surgeon’s indication for fusion. The authors first sought to compare the ICD-9-CM code(s) assigned
by the medical coder according to the surgeon’s indication based on a review of the medical chart, and then to eluci-
date barriers to data fidelity.

Methods. A retrospective review was undertaken of all lumbar fusions performed in the Department of Neuro-
surgery at the authors’ institution between August 1,2011, and August 31, 2013. Based on this review, the indication
for fusion in each case was categorized as follows: spondylolisthesis, deformity, tumor, infection, nonpathological
fracture, pseudarthrosis, adjacent-level degeneration, stenosis, degenerative disc disease, or disc herniation. These
surgeon diagnoses were compared with the primary ICD-9-CM codes that were generated by the medical coders and
submitted to administrative databases. A follow-up interview with the hospital’s coders and coding manager was
undertaken to review causes of error and suggestions for future improvement in data fidelity.

Results. There were 178 lumbar fusion operations performed in the course of 170 hospital admissions. There
were 44 hospitalizations in which fusion was performed for tumor, infection, or nonpathological fracture. Of these,
the primary diagnosis matched the surgical indication for fusion in 98% of cases. The remaining 126 hospitalizations
were for degenerative diseases, and of these, the primary ICD-9-CM diagnosis matched the surgeon’s diagnosis in
only 61 (48%) of 126 cases of degenerative disease. When both the primary and all secondary ICD-9-CM diagnoses
were considered, the indication for fusion was identified in 100 (79%) of 126 cases. Still, in 21% of hospitalizations,
the coder did not identify the surgical diagnosis, which was in fact present in the chart. There are many different
causes of coding inaccuracy and data corruption. They include factors related to the quality of documentation by the
physicians, coder training and experience, and ICD code ambiguity.

Conclusions. Researchers, policymakers, payers, and physicians should note these limitations when reviewing
studies in which hospital claims data are used. Advanced domain-specific coder training, increased attention to detail
and utilization of ICD-9-CM diagnoses by the surgeon, and improved direction from the surgeon to the coder may
augment data fidelity and minimize coding errors. By understanding sources of error, users of these large databases
can evaluate their limitations and make more useful decisions based on them.
(http://thejns.org/doi/abs/10.3171/2014.3 FOCUS1459)
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MedPAR = Medicare Provider Analysis and Review; NIS = Na-
tionwide Inpatient Sample.
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poses to diverse sets of applications in health research,
health care policy, and health care finance.!” Currently in
its ninth iteration, the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM)
contains more than 12,000 diagnosis codes. Discharge
codes assigned through the medical coding process are
probably the most powerful descriptors of the patient’s
hospital course once the full description of the medical re-
cord has been left behind. Because medical coding serves
as an important nexus between the primary data sources
and the subsequent data usage, inaccuracies introduced by
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low-quality coding will of necessity confound any sec-
ondary analysis.?' Increasing data quality at the coding
level will conversely result in improving data fidelity in
downstream usages.

There are many potential sources of error interposed
between the surgeon’s diagnosis (accepted as the gold
standard) and the nosological diagnosis code arrived at by
the medical coder. We will focus this paper on the typi-
cal process of elective lumbar fusion operations for de-
generative diseases. The data trail begins in an outpatient
physician-patient interaction, after which the physician
chooses appropriate ICD codes for the patient’s relevant
diagnosis. Often, this diagnosis is required for insurance
precertification for outpatient radiological tests or proce-
dures, such as MRI examinations or epidural steroid injec-
tions. The diagnosis code(s) that the surgeon enters after
the first patient interaction potentially stays with the pa-
tient throughout the interval of care. When an operation is
planned, the Current Procedural Terminology (CPT) pro-
cedure codes defined by the American Medical Associa-
tion are added to the ICD diagnosis codes. As the patient
progresses through the hospitalization, additional sources
of patient information such as the history and physical,
progress notes, operative report, radiological reports, and
eventually the discharge summary are added to the medi-
cal record. After discharge, the entire medical chart is
transferred to medical records.

The processing of information in medical records,
which is then entered into administrative databases for
later analysis, follows a typical sequence in most hospi-
tals. Trained medical coders abstract the clinical informa-
tion in the medical record and the discharge summary.
Numerical codes for diagnoses, procedures, and compli-
cations are assigned according to the ICD-9-CM. In our
hospital, 1 primary and as many as 19 secondary codes
are assigned for each hospitalization. These codes are
then collated into a discharge abstract, which is reported
to state or federal databases.®!” Of necessity, the rich data
set found in the patient record that prompts the assign-
ment of the ICD-9-CM codes is not available to research-
ers studying large administrative databases, and therefore,
researchers studying these large databases perpetuate any
errors that were created at the coding level.

Large administrative databases have assumed a ma-
jor role in population-based studies examining health care
delivery.®-%16 Two of the largest include the Medicare Pro-
vider Analysis and Review (MedPAR) database and the
Nationwide Inpatient Sample ([NIS] http:/www.hcup-us.
ahrq.gov/nisoverview,jsp).* The MedPAR database in-
cludes 100% of Medicare hospital claims, whereas the
NIS is a component of the Healthcare Cost and Utilization
Project based at the federal Agency for Healthcare Re-
search and Quality. The NIS collects data from the states,
which receive data from individual hospitals regarding in-
patient hospitalizations. Over time, the NIS has received
input from an increasing number of states, and in 2011, the
database included data on 8 million hospital stays, draw-
ing from 1045 hospitals located in 46 states. Thus, this
database has become progressively more representative
of the national population. Because the ICD-9-CM sys-
tem was not designed for research purposes, it may not be
sufficient for understanding health care policy research,
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and in particular indications for procedures.'” Despite this
limitation, numerous studies in the past 2 decades have
exploited the NIS and MedPAR databases not only to
document rising rates of lumbar fusion, but also to demon-
strate trends for specific lumbar diagnoses.* Because the
conclusions from these investigations significantly influ-
ence the current debate on health care policy, the data on
which they are based must be critically evaluated, and all
sources of data corruption must be identified to mitigate
the “garbage in, garbage out” phenomenon.

As practitioners at a hospital that contributes to the
NIS, we examined the quality of the data that are submit-
ted to the database by the medical coders, and compared
it to the information in the medical record. The aim of
this study was multifold: first, to evaluate the accuracy of
the primary ICD-9-CM diagnosis code in reflecting the
true indication for fusion surgery as documented in the
medical record. This surgical diagnosis was derived from
a careful review of the entire medical record by an indi-
vidual (Y.G.) with domain-specific knowledge in the area
of lumbar fusion. By contrast, the trained medical coders
do not have domain-specific training and focus their ef-
forts on a smaller subset of the medical record. Next, we
wanted to clarify how often any of the secondary ICD-9-
CM codes are in agreement with the surgical indication.
Finally, we wished to elucidate the main error sources
during the ICD diagnostic coding process from patient
admission to diagnostic code assignment.

Methods

This study retrospectively examines the demograph-
ic, diagnostic, and coder-related data in 170 consecutive
hospitalizations involving 168 patients undergoing lumbar
fusion between August 1, 2011, and August 31, 2013, in
one department at a single tertiary care hospital. The bill-
ing records from all operations performed by 2 of the au-
thors (J.C. and M.W.G.) were identified and reviewed. All
cases that did not involve fusion of the lumbar spine were
excluded. All of the hospitalization ICD-9-CM diagnoses
for the remaining cases were obtained, and the medical
charts were reviewed by a fellowship-trained spine sur-
geon with no involvement in the cases (Y.G.). Admissions
for multiple lumbar fusion operations were counted only
once, because only one discharge abstract was compiled
per hospitalization.

Demographic data including sex, age, body mass in-
dex (BMI), smoking status, and surgical indication for fu-
sion were recorded. Indication for fusion was categorized
as follows: spondylolisthesis (isthmic and degenerative),
deformity (coronal or sagittal), tumor, infection, non-
pathological fracture (trauma), pseudarthrosis, adjacent-
level degeneration (ALD) after prior lumbar fusion, ste-
nosis, or degenerative disc disease (DDD). The stenosis
category included the presence of central or foraminal ste-
nosis without any of the other diagnoses listed above, or
patients in whom adequate decompression would result in
iatrogenic instability (that is, removal of 50% of the joints
bilaterally or 100% unilaterally). The DDD category in-
cluded 2 subgroups: 1) patients with twice-recurrent disc
herniations after index discectomy, and 2) patients with
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single-level DDD in whom the indication for fusion ap-
proximated the criteria outlined by the Swedish Trial.1!!
Namely, these patients must have 1) pain duration for at
least 1 year; 2) back pain more pronounced than leg pain;
3) high disability scores on the EuroQol-5 Dimensions
metric; 4) and/or be on work leave/disability; and 5) de-
generative changes only at L4-5 or L5-S1 on CT and/or
MRI studies.

The surgeon’s indication for fusion was identified for
each case and compared against the primary and all sec-
ondary ICD-9-CM diagnoses. It is important to note that
the surgical indication for fusion was not necessarily the
primary indication for surgery. For example, a patient pre-
senting with neurogenic claudication due to lumbar ste-
nosis secondary to spondylolisthesis would be classified
in the “spondylolisthesis” rather than “spinal stenosis”
category. In cases where the surgical diagnosis was never
identified, we attempted to identify the source of the error.
After all hospitalization discharge data were reviewed, a
structured interview with 4 of the coders and the coding
manager was undertaken. Coder-related data collected in-
cluded the number of coders, their coding credentials, ex-
perience level, specialized training (domain-specific), in-
formation regarding which parts of the hospital chart they
have access to, their algorithm for deconstructing a hospi-
tal chart and selecting primary versus secondary diagno-
ses, and which resources are available to them in case of
uncertainty. Approval to conduct this study was obtained
from the Institutional Review Board of the Brigham and
Women'’s Hospital.

Results

Between August 1,2011, and August 31,2013, 168 pa-
tients underwent 178 lumbar fusions in the course of 170
separate hospitalizations. One patient had 3 separate hos-
pitalizations for lumbar fusion: an index case performed
for spondylolisthesis, and 2 subsequent operations for
pseudarthrosis and hardware failure. There were 76 men
and 92 women, with a median age of 57.5 years (range
21-96 years), and a median BMI of 28.5 (range 15.8-51.4).
Thirty-three (19.4%) were active smokers at the time of
surgery. The median number of levels treated was 3 (range
2-9). A summary of demographic data is presented in Ta-
ble 1; medians rather than means are presented because
several subcategories have few patients.

The most common surgical indications for fusion
were, in descending order, spondylolisthesis (n = 82), tu-
mor/pathological fracture (n = 20), trauma/nonpathologi-
cal fracture (n = 19), DDD (n = 18), deformity (n = 11),
pseudarthrosis (n = 9), infection (n = 5), stenosis (n = 4),
and ALD (n = 2). Thus, of the 170 admissions, 44 were
for fusion relating to tumor, infection, or nonpathological
fracture, and 126 were for degenerative diagnoses.

In 98% of cases whose indication for fusion related
to tumor, infection, or nonpathological fracture, the pri-
mary ICD-9-CM discharge code accurately captured the
surgical indication. However, in the remaining 126 cases
for which the ICD-9-CM diagnosis is considered to be de-
generative in nature, the primary ICD-9-CM code accu-
rately reflected the surgical indication in only 61 (48.4%)
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of cases. This finding may suggest that diagnoses that
are more objective such as tumor, infection, or fracture
have less coder interpretation error than those with more
nuanced and subjective diagnoses associated with de-
generative conditions. When the secondary codes in the
discharge abstract were also considered, the likelihood
of finding the surgical diagnosis increased significantly
but remained disappointingly low (79.4%). Even when all
diagnoses were considered, medical coders did not iden-
tify the surgical indication for fusion in 26 (20.6%) of 126
cases (Table 2).

During this study period, our institution employed
12 coders who were responsible for classifying inpatient
hospitalizations. Coding was done remotely with coders
spread geographically across the US, but the coding man-
ager was located on-site. Coders were responsible for all
inpatient stays at our hospital, and were not disease- or
department-specific (that is, department of neurosurgery
coders or spine coders). None had advanced domain train-
ing or particular expertise in spine operations. In situations
in which the coder needed assistance to resolve vague or
conflicting information in the medical chart, that individ-
ual had access to 2 designated Data Quality Specialists for
assistance. In addition, a corporate coder trainer is avail-
able for consultation. At their discretion, coders are free to
contact the physician-author of any clinical report or note
in the chart. In general, coders are loath to contact the sur-
geon in cases of diagnosis ambiguity, and in fact neither of
the senior surgeons has ever been contacted by the coders.

The American Health Information Management As-
sociation (AHIMA), the governing body for health infor-
mation professionals, designates 2 types of certification:
R.H.IT. (Registered Health Information Technician) or
R.H.I.LA. (Registered Health Information Administrator).
The R.H.LT. designation is an associate’s degree program,
whereas the R.H.I.A. designation is a bachelor’s degree
program. Additionally, the C.C.S. (Certified Coding Spe-
cialist) credential is earned after someone takes a 9-month
coding course and passes a credentialing examination, and
then maintains yearly continuing education credits, which
is most commonly done after achieving a bachelor’s de-
gree in an unrelated field. Eleven of our 12 coders have the
C.C.S. credential, and 2 have both the R.H.I.T. and C.C.S.
credentials. The coders’ median experience was 21 years,
and the range was 10-27 years.

Coding at our institution is performed within 5 days
of discharge. At the time of the study, all coding was done
manually. More recently, and in anticipation of ICD-10,
our institution has begun moving to computer-assisted
coding, in which a computer scans the medical chart for
key terms and makes coding suggestions. The coder must
then validate the codes identified, prioritize them, and as-
sign appropriate codes.

Coders have access to the entire inpatient medical re-
cord, including preoperative office visits and medical as-
sessments that directly apply to the index hospitalization.
Findings identified on radiological studies may be used as
confirmation, but may not be coded unless confirmed by
the surgical team. For example, if the surgeon mentions
spondylolisthesis but does not specify the level, the coders
may use the radiology report for clarification. However,
if there is no acknowledgment of spondylolisthesis by
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TABLE 1: Summary of demographic data in 170 admissions for lumbar fusion*

Surgeon’s Dx No. Median Age (yrs) Median BMI (kg/m?)  Median No. of Levels % Male % Smokers
spondylolisthesis 82 63 28.6 2 39.0 171
tumor 20 53.5 254 5 60 5
nonpathological Fx (trauma) 19 53 22.7 5 63.2 31.6
DDD 18 45 29.3 2 50 33.3
deformity " 59 295 4 27.3 91
pseudarthrosis 55 32.0 3 66.7 22.2
infection 5 54 276 3 40 40
severe stenosis 4 67 28.8 2.5 0 25
ALD 2 61 30.75 2 100 0
total, range 170 57.5,21-96 28.5,15.8-51.4 3,2-9 459 19.4

* Dx = diagnosis; Fx = fracture.

the surgical team, the coders cannot use this information
in their coding determination. The algorithm for decon-
structing the hospital record follows a stereotyped pro-
gression, and most coders begin with the discharge sum-
mary, corroborate codes in the operative report, and scan
daily progress notes.

Assignment of the primary diagnosis followed stan-
dardized ICD-9-CM guidelines. Namely, the circum-
stance of the inpatient admission always governs the se-
lection of the primary diagnosis, and that diagnosis must
be chiefly responsible for occasioning the admission of the
patient to the hospital for care. In circumstances where
two or more interrelated conditions each meet criteria for
primary diagnosis, there is no hierarchy or prioritization
for one code over another. For example, a patient who suf-
fers from lumbar stenosis and degenerative spondylolis-
thesis can have either diagnosis as primary. In general,
the primary code is most commonly derived from the dis-
charge summary.

A structured interview was undertaken with 4 coders
and the coding manager, and the medical records of all

cases in which the surgical diagnosis was never identified
were thoroughly reviewed. In these 26 cases, the error was
identified as the fault of the surgeon in 3 cases (that is,
never mentioning the indication for fusion in the opera-
tive report or office visit—Fig. 1); the fault of the coder in
3 cases (the indication was clearly shown, but the coder
failed to code it—Fig. 2); and combined responsibility was
identified in the vast majority of the cases (20 of 26). In
12 other cases, the words “instability” or “destabilizing”
were used by the surgeon in the operative report in the
sections for diagnosis or indications. There is no corre-
sponding ICD-9-CM code, with the possible exception
of 724.6 (Disorders of sacrum [including instability of
lumbosacral joint]). In 4 other instances, the diagnosis of
spondylolisthesis was mentioned but buried deep within
the operative report or in a preoperative office note, both
of which were available to the coder, but not in a conspicu-
ous location. Although these are technically errors on the
coder’s part, we assumed that the surgeon was equally at
fault for not bringing this diagnosis, the actual indication
for fusion, to the coder’s attention. In the last 4 cases, error

TABLE 2: Accuracy of discharge ICD-9-CM diagnosis codes in capturing surgical indication for fusion, stratified by

surgical diagnosis

Primary ICD-9-CM Code Secondary ICD-9-CM Code

Surgeon’s Dx No.  Captures Surgeon’s Dx Captures Surgeon’s Dx Surgeon’s Dx Not Captured

nondegenerative disease

tumor 20 20/20 0/20 0/20

nonpathological Fx (trauma) 19 19/19 0/19 0/19

infection 5 4/5 1/5 0/5

subtotal 44 43/44 (97.7%) 1/44 (2.3%) 0/44 (0%)
degenerative disease

spondylolisthesis 82 29/82 34/82 19/82

DDD 18 18/18 0/18 0/18

deformity 1 4/11 511 211

pseudarthrosis 9 9/9 019 0/9

severe stenosis 4 1/4 0/4 3/4

ALD 2 0/2 0/2 22

subtotal 126 61/126 (48.4%) 39/126 (31%) 26/126 (20.6%)
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"N A Teaching Affiliate of Harvard Medical School

Partners HealthCare System, Inc
— Y BRIGHAM AND WOMENS HOSPITAL
75 Francis Street, Boston, WA 02115

MRN: B (BW H

Date of Birth: [N
Age: 60 yrs Sex:F

Operative Report

Date of Operation: _
surcEoN: [N 1.0
ASSISTANT :

Mo

PREOPERATIVE DIAGNOSIS:
L4 through S1 spondylosis.

POSTOPERATIVE DIAGNOSIS:
L4 through $1 spondylosis.

OPERATION:

Report Status: Signed

L4 cthrough 51 laminectomy and medial facetectomy, posterior
lumbar interbody fusion, bone marrow aspirate, pedicle screw

fixation segmental.

ANESTHESIA:
General.

ESTIMATED BLOOD LOSS:
500 mL.

COMPLICATIONS:
Hone.

INDICATIONS FOR PROCEDURE:

This 59-year-old woman had a longstanding history of neurogenic

claudication and axial back pain.

Conservative therapy and

activity modifications had been unsuccessful in ameliorating her

Symp toms,
consent.

DESCRIPTION OF PROCEDURE:

She was taken to the operating room with informed

The patient was taken to the OR and while on the stretcher,
wvascular access was secured and general endotracheal anesthesia

Fic. 1. Representative example of a poorly written operative report. Note that the surgeon uses vague diagnosis terms such as
“spondylosis” (underlined). There is no ICD-9-CM correlate to the term “axial back pain” used in the “Indications for Procedure”
section, and the fact that this patient suffered from demonstrated spondylolisthesis and dynamic instability on flexion-extension
radiographs was not mentioned. The primary discharge code for this hospitalization was 724.03 (spinal stenosis, lumbar region,

with neurogenic claudication).

was attributed to a combination of inadequacy of the ICD-
9-CM diagnosis codes, insufficient surgeon’s explanation,
and coder error. For example, there is no ICD-9-CM code
to describe a patient with a twice-recurrent disc herniation
at a particular level, or a code to describe ALD after prior
lumbar fusion.

Discussion

The use of ICD diagnosis codes has greatly expanded
from its original purpose of classifying morbidity and
mortality information for statistical purposes to a diverse
set of applications in health research, health care policy,
and health care finance.” Codes assigned through the
medical coding process are fundamental to processes of
health services research and methods of quality improve-
ment. Because medical coding serves as an important
nexus between the primary data sources and many of their
secondary data usages, inaccuracy or variation present in
low-quality coding will detract from the quality of such
secondary use.?! Health care policy research has become
increasingly reliant on large administrative databases
(http://www.hcup-us.ahrq.gov/nisoverview.jsp) that use
the ICD-9-CM system, such as the NIS,*® because these
databases allow researchers to identify, track, and analyze
national trends in health care utilization, charges, quality,
and outcomes.>-$16:19

Increased attention to code accuracy has occurred
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both as a result of the application of ICD codes for pur-
poses other than those for which the classifications were
originally designed as well as because of their widespread
use for making important funding, clinical, and research
decisions."?! In the 1980s the prospective payment system
using diagnosis-related groups (DRGs) was implemented,
and increased scrutiny of diagnostic accuracy began.?!
Hsia et al. reported in the New England Journal of Medi-
cine that ICD-9-CM diagnostic code inaccuracy sufficient
to change the hospitalization’s DRG was approximately
20%."* Lloyd and Rissing examined physician and coding
errors in the medical records of 5 Veterans Administra-
tion hospitals, and found 22% frank diagnosis error. They
identified 3 sources of error: physician (62%), coder (35%),
and keypunch (3%). The authors projected that there were
0.81 coding errors in the average abstract. If the errors
were corrected in the abstracts, it would change 19% of
records for DRG purposes.” Studies in the 1990s found
rates similar to those of the 1980 studies, with error rates
ranging from 0% to 70%, but most falling between 20%
and 50%."” The wide variation in error rates is due largely
to differences across study methods and to the many dif-
ferent sources of errors that influence code accuracy.'!*"
O’Malley et al. reported the most systematic and ex-
tensive analysis of ICD-9-CM coding inaccuracy. They
examined potential sources of errors at each step of the
inpatient ICD-9-CM coding process. They found that
multiple factors contribute to the inaccuracy of ICD-9-
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A Teaching Affiliate of Harvard Medical School ate

Partnars HaalthCars System, Inc. AIRN: BW
= BRIGHAM AND WOMENS HOSPITAL
A

75 Francis Street, Boston, MA 02115

Age 65 yrs Sex: M
Operative Report

Date of Cperaticn: [

surcecy: [N o

ASSISTANT:

Report Statu=: Signed

M.D., Neurcsurgery resident.

FRECFERATIVE DIAGNOSIS:
Grade I spondylolisthesis with lumbar stenosis, L4-LS.

POSTOPERATIVE DIAGNOSIS:
Grade I spondylolisthesis with lumbar stencsis, L4-L5.

OPERATICN:

L4-L5 transforaminal lumbar interbedy fusion, left-sided
approach, L4-LS posterior spinal instrumentaticn, L4-L5 posterior
spinal arthrodesis and placement of the L4-L5 intervercebral
biomechanical cage, L4-L5 left sided hemilaminotomy for

decompression.

ANESTHESIA:
General.

INDICATICONS FOR PROCEDURE:

This is a 65-year-old male with progreasive claudication symptoms
with sciatic pain with standing and walking with significant
lumbar stenosis at L4-L5 with a grade I spondylolischesis with
instability on flexicon radicgraphs. Informed consent was
cbtained for the procedure above and the patient was brought to

the operating rocom on the date above,

DESCRIPTICON OF PROCEDURE:

Afrer anesthesia wes induced, the patient was positioned prone on

Fic. 2. Representative example of a well-written operative report that highlights spondylolisthesis prior to lumbar stenosis
(underlined). Note that the vague term “instability” is used in the “Indications for Procedure” section, but is immediately preceded
by the more precise term of “spondylolisthesis.” Despite this, the coder failed to identify spondylolisthesis as a discharge code.
The primary discharge code for this hospitalization was 721.3 (lumbosacral spondylosis without myelopathy).

CM coding, including amount and quality of information
at admission, communication among patients and provid-
ers, the clinician’s knowledge and experiences with the
illness, the clinician’s attention to details, variance in the
electronic and written records, coder training and expe-
rience, facility quality-control efforts, and unintentional
and intentional coder errors (for example, misspecifica-
tion, unbundling, missequencing, and upcoding)."”

With the adoption of the far more detailed and com-
plex ICD-10 system, coding inaccuracy persists. Gibson
and Bridgman assessed the accuracy of diagnostic coding
performed using the ICD-10 in general surgery by com-
paring codes ascribed by hospital coders to codes ascribed
by expert external coders. They found errors of coding in
29%, of which 8% were at the most serious level (that is,
wrong ICD-10 chapter). They reported that 78% of errors
occurred between the outpatient medical record and the
admission form, and that 29% of records had inaccurate
diagnostic codes.!? This study highlights the significance
of codes assigned by the surgeon before the admission has
even started.

Our series is very much in line with the rates of coding
error mentioned above. Less than 50% of lumbar fusions
carried the correct primary diagnosis. When all second-
ary diagnoses were considered, an error of 20% remained.
In our series, sequencing error was the most common one
identified. Sequencing error occurs when two interrelated
diagnoses are both listed, but the manifestation of the pri-
mary disorder is placed as the primary instead of a sec-
ondary diagnosis."”!8 For example, a patient has respiratory
failure as a manifestation of congestive heart failure. The
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congestive heart failure should be the principal diagno-
sis and the respiratory failure the secondary diagnosis. In
our series, lumbar stenosis was often listed as the primary
diagnosis, and spondylolisthesis as a secondary code. In
fact, it seems that the lumbar stenosis is a manifestation
of the spondylolisthesis, and this missequencing is espe-
cially salient when researchers mining large administra-
tive databases study only primary codes as surrogates for
indication for fusion surgery. Most sequencing errors are
not intentional and may comprise the commonest kind of
errors in hospital discharge abstracts,!>!” a finding that we
found in our series as well.

Another major source of error was coder ignorance of
complex domain-specific terminology. In particular, the
triad of spondylosis, spondylolysis, and spondylolisthesis
was highlighted by the coders in an interview, as well as
the vague term “instability.” Although all of our coders
had more than 10 years of experience in coding, none had
domain-specific advanced training, and all coded for the
entire hospital rather than for our department exclusively.
Finally, preadmission diagnosis codes, originally assigned
by the surgeon in the outpatient setting, were more likely
to end up as the primary discharge code than were other
codes identified from the medical record by the coders. A
plausible explanation for this finding is that the original
note and diagnosis code were later largely copied by the
residents and physician extenders in the history and physi-
cal note, which itself was reproduced in the discharge
summary, again penned by the residents and physician ex-
tenders. Because physicians treat many patients simulta-
neously and carry heavy workloads, the time and attention
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physicians dedicate to checking the accuracy of the codes
varies tremendously."”

Another source of error stems from the complexity
and ambiguity inherent in the ICD-9-CM system. Take
for example the diagnosis of lumbar stenosis, which in and
of itself does not indicate a need for fusion. However, in
many cases in which adequate decompression would re-
sult in instability, there is again no code in the ICD-9-CM
vocabulary to reflect the surgical indication for fusion.
Furthermore, the stringent inclusion criteria and patient
selection process described by Fritzell and colleagues'®'
in the Swedish Trial of lumbar fusion for low-back pain/
disc degeneration, a particularly controversial indication,
cannot be expressed or captured in the ICD-9-CM system.
Although data validity and diagnosis fidelity in highly
regulated clinical trials®>* with active auditing systems
may be excellent, this is not necessarily true in routine
clinical practice.

Because ICD-9-CM discharge codes are not gener-
ated by surgeons, but are rather assigned by trained hos-
pital medical coders, any data corruption on the coding
level will be perpetuated in large administrative databases
that collect discharge data, such as the NIS. The net effect
of coding errors on the analysis of information obtained
from administrative databases is unpredictable.® Even a
small degree of misclassification will have potent effects
when studying large databases, but errors of the magni-
tude described in this series make conclusions regarding
lumbar fusion indications extremely tenuous. Relation-
ships between diagnoses, procedures, complications, and
outcomes are weakened, and as a result the conclusions
derived from studying flawed databases may be inaccu-
rate.

There are several suggestions that can be imple-
mented to improve coding accuracy. They can be broadly
divided into either coder education or surgeon behavior
modification. One idea would be to have advanced do-
main-specific training to improve coder familiarity with
medical terminology. For example, coders can attend a
workshop in which they are taught to delineate between
spondylosis, spondylolysis, and spondylolisthesis, under-
stand the significance of words such as pseudarthrosis
or instability, and to focus their attention on the opera-
tive report sections for diagnosis and indications. In addi-
tion, having department-specific or spine-specific coders
may improve coding accuracy because of increased coder
familiarity with technical terminology. Coding manag-
ers can instruct coders that in instances in which two or
more interrelated codes each meet criteria for primary di-
agnosis, a hierarchy of coding may be instituted, and the
code that justifies the “higher-level” procedure should be
selected. For example, spondylolisthesis should be chosen
ahead of lumbar stenosis (Table 3). Finally, with the ad-
vent of computer-assisted coding, scanning for key words
like spondylolisthesis will be made simpler, and usage of
appropriate diagnosis codes will be enhanced, especially
with the adoption of the more complex ICD-10 system.

Surgeons will need to be educated on the significance
of outpatient code selection, because the codes that they
sometimes choose perfunctorily during the initial out-
patient interaction may follow the patient over the entire
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course of the illness. Vague codes like spondylosis and
lumbago should be avoided in favor of more precise codes,
especially if a surgical intervention is considered. If pos-
sible, for fusion surgery the primary code should be the
indication for fusion. This can be stated explicitly in the
operative report sections for diagnosis and indications or,
if the surgeon is aware of the appropriate ICD code, it may
be placed in the aforementioned sections. Care should be
taken to list appropriate diagnoses in a hierarchical or-
der that suggests the indication for fusion prior to one for
surgery in general. Finally, the surgeon is urged to care-
fully review the discharge summary, which is often the
foundation for the coder’s understanding of the admission.
Ultimately, with the exception of rare clerical errors, the
surgeon is responsible for the accuracy of data regarding
the patient’s hospital stay.

Although in this paper we focused on errors influ-
encing code accuracy, the goal was not to disparage ICD
codes in general or the large administrative databases that
use them. The ICD codes are invaluable tools for research,
reimbursement, and policy making. Large administrative
databases such as the NIS that use these codes provide
powerful and unique advantages such as allowing for
large, population-based studies of surgical trends—includ-
ing rates, underlying medical conditions, demographic
characteristics, and various safety and outcome measures.
These pooled data sets also help to illustrate variations
on a local, regional, and national level to act as a bench-
mark for performance. However, policy making and re-
search conclusions made by studying these codes are im-
proved when code accuracy is well understood and taken
into account. By heightening their awareness of potential
error sources, users can better evaluate the applicability
and limitations of codes in their own context, and thus
use ICD codes in optimal ways. With improved coding
accuracy, the downstream usage of large administrative
databases can take on greater significance and influence
health care policy in a meaningful manner.

Conclusions

Large administrative databases have assumed a ma-
jor role in population-based studies examining health care
delivery. Health care policy is increasingly reliant on these
databases for high-quality research data. It is well accept-
ed that discharge codes generated by medical coders are
considered one of the upstream points for data quality. In-
accuracy or variation present in low-quality coding will
be carried forward to secondary use as in administrative
databases. Errors that differentiate the ICD code from the
true disease include both random and systematic measure-
ment errors. Increasing data quality at the coding level
will result in improving the data fidelity in downstream
applications.

There are many different causes of coding inaccuracy
and data corruption. They include factors related to qual-
ity of documentation by the physicians, factors related to
coder training and experience, and factors that relate to
ICD code ambiguity. There are numerous points of data
input within these episodes of care, starting from the out-
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TABLE 3: The ICD-9-CM codes for which fusion is generally indicated and which one should be chosen as the primary

code
Broad Indication Category 1CD-9-CM Group or Code(s) Description
tumor
140-239 all neoplasms
733.1,733.10, 73313 pathological Fx
infection of spinal column
015.0 tuberculosis of vertebral column (Pott disease)
32441 intraspinal abscess
730 osteomyelitis
Fx/trauma
805 Fx of vertebral column w/o mention of spinal cord injury
806 Fx of vertebral column w/ spinal cord injury
839 vertebral dislocations
instability
724.6 disorders of sacrum, including instability of lumbosacral joint
738.4 acquired spondylolisthesis
756.11 spondylolysis, lumbosacral region
756.12 spondylolisthesis
deformity
737 curvature of spine
738.5 other acquired deformity of back or spine
754.2 congenital musculoskeletal deformities of spine
revision/complication
733.8 malunion & nonunion of Fx, pseudarthrosis
996.4 mechanical complication of internal orthopedic device implant & graft
infection & inflammatory reaction due to internal prosthetic device im-
996.6 plant & graft
996.7 other complications due to internal prosthetic device, implant, & graft

patient examination room, through booking and schedul-
ing processes, admission to the hospital, to the final as-
signment of diagnosis codes, at which “errors” can be car-
ried through, leading to erroneous reporting.

Researchers, policymakers, payers, and physicians
should note these limitations when reviewing studies per-
formed using hospital claims data. Critical analysis of
these data sets needs be augmented with auditing method-
ologies or sensitivity analyses. At the very least, research-
ers should consider all secondary codes when analyzing
large administrative databases. Increased domain-specific
coder training, the surgeon’s meticulous attention to detail
and avoidance of vague diagnoses, and increased direction
from the surgeon to the coder (for example, by using ICD-
9-CD terminology in the medical record), may improve
data fidelity and minimize coding error. By understanding
sources of error, users can evaluate the limitations of the
classifications and make more informed decisions based
on them.
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