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Abstract
Background Use of large clinical and
administrative databases for orthopae-
dic research has increased exponen-
tially. Each database represents unique
patient populations and varies in their
methodology of data acquisition,
which makes it possible that similar
research questions posed to different
databases might result in answers that
differ in important ways.
Questions/purposes (1) What are the
differences in reported demographics,
comorbidities, and complications for
patients undergoing primary TKA

among four databases commonly used
in orthopaedic research? (2) How does
the difference in reported complication
rates vary depending on whether only
inpatient data or 30-day postoperative
data are analyzed?
Methods Patients who underwent
primary TKA during 2010 to 2012
were identified within the National
Surgical Quality Improvement Pro-
grams (NSQIP), the Nationwide In-
patient Sample (NIS), the Medicare
Standard Analytic Files (MED), and
the Humana Administrative Claims

database (HAC). NSQIP is a clinical
registry that captures both inpatient
and outpatient events up to 30 days
after surgery using clinical reviewers
and strict definitions for each variable.
The other databases are administrative
claims databases with their comorbid-
ity and adverse event data defined by
diagnosis and procedure codes used for
reimbursement. NIS is limited to in-
patient data only, whereas HAC and
MED also have outpatient data. The
number of patients undergoing primary
TKA from each database was 48,248 in
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HAC, 783,546 in MED, 393,050 in
NIS, and 43,220 in NSQIP. NSQIP
definitions for comorbidities and sur-
gical complications were matched to
corresponding International Classifi-
cation of Diseases, 9th Revision/
Current Procedural Terminology
codes and these coding algorithms
were used to query NIS, MED, and
HAC. Age, sex, comorbidities, and
inpatient versus 30-day postoperative
complications were compared across
the four databases. Given the large
sample sizes, statistical significance
was often detected for small, clinically
unimportant differences; thus, the fo-
cus of comparisons was whether the
difference reached an absolute differ-
ence of twofold to signify an important
clinical difference.
Results Although there was a higher
proportion of males in NIS and
NSQIP and patients in NIS were
younger, the difference was slight
and well below our predefined
threshold for a clinically important
difference. There was variation in the
prevalence of comorbidities and rates
of postoperative complications
among databases. The prevalence of
chronic obstructive pulmonary dis-
ease (COPD) and coagulopathy in
HAC and MED was more than twice
that in NIS and NSQIP (relative risk
[RR] for COPD: MED versus NIS
3.1, MED versus NSQIP 4.5, HAC
versus NIS 3.6, HAC versus NSQIP
5.3; RR for coagulopathy: MED
versus NIS 3.9, MED versus NSQIP
3.1, HAC versus NIS 3.3, HAC ver-
sus NSQIP 2.7; p < 0.001 for all
comparisons). NSQIP had more than
twice the obesity as NIS (RR 0.35).
Rates of stroke within 30 days of
TKA had more than a twofold dif-
ference among all databases (p <
0.001). HAC had more than twice the
rates of 30-day complications at all
endpoints compared with NSQIP and

more than twice the 30-day infections
as MED. A comparison of inpatient
and 30-day complications rates
demonstrated more than twice the
amount of wound infections and deep
vein thromboses is captured when
data are analyzed out to 30 days after
TKA (p < 0.001 for all comparisons).
Conclusions When evaluating re-
search utilizing large databases, one
must pay particular attention to the
type of database used (administrative
claims, clinical registry, or other kinds
of databases), time period included,
definitions utilized for specific varia-
bles, and the population captured to
ensure it is best suited for the specific
research question. Furthermore, with
the advent of bundled payments, poli-
cymakers must meticulously consider
the data sources used to ensure the data
analytics match historical sources.
Level of Evidence Level III, thera-
peutic study.

Introduction

The use of large clinical and ad-
ministrative databases for or-
thopaedic research has

increased exponentially over the last
decade (Fig. 1) [11, 12]. Access to
extremely large volumes of patient
data has allowed researchers to answer
questions previously difficult to eval-
uate using smaller single-institution
cohort studies. Additionally, these
large databases have allowed for more
robust analysis of trends in procedures,
complications, and outcomes after
surgery. Furthermore, administrative
claims databases are now being uti-
lized for the public reporting of surgi-
cal outcomes with subsequent
penalties for underperforming institu-
tions [6, 14].

Although powerful in their ability
to analyze large cohorts, each data-
base summarizes the experiences of
a unique patient population and varies
in their methodology for data acqui-
sition [11, 12]. These intrinsic differ-
ences may result in inconsistencies of
reported comorbidities and surgical
complications. Recently, studies have
evaluated differences in reported
comorbidities and surgical complica-
tions for multiple large databases
across many surgical specialties, in-
cluding orthopaedic surgery [2-4, 7-
10]. For example, Bohl et al. demon-
strated differences in inpatient ad-
verse events after hip fracture surgery
between the National Inpatient Sam-
ple (NIS) and National Surgical
Quality Improvement Program
(NSQIP) databases with frequencies
of acute kidney injury and urinary
tract infection in NIS being more than
twice those in NSQIP [3]. Un-
derstanding the differences among
these databases is important for ap-
propriately evaluating research utiliz-
ing them.

Therefore, we asked: (1) What are
the differences in reported de-
mographics, comorbidities, and com-
plications for patients undergoing
primary TKA among four databases
commonly used in orthopaedic re-
search? (2) How does the difference in
reported complication rates vary
depending on whether only inpatient
data or 30-day postoperative data are
analyzed?

Patients and Methods

A retrospective study of patients who
had undergone primary TKA was
performed with four databases com-
monly used in orthopaedic research:
NSQIP, NIS, Medicare Standard
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Analytic Files (MED), and the
Humana Administrative Claims data-
base (HAC). Only procedures that
occurred between 2010 and 2012 were
evaluated because these were the
years of data available across all data
sets. Patients undergoing primary
TKA were identified using Current
Procedural Terminology (CPT) code
27447 and International Classification
of Diseases, 9th Revision (ICD-9)
code 81.54. All data within these
databases are deidentified and Health
Insurance Portability and Account-
ability Act-compliant and were thus
exempt from institutional review
board approval.

The NSQIP database is main-
tained by the American College of
Surgeons and uses trained clinical
reviewers to perform data collection
through chart review and patient/
surgeon contact utilizing strict defi-
nitions for each comorbidity and
complication variable catalogued
[1]. This database captures both in-
patient and outpatient events up to

30 days after surgery and there is
roughly an equal mix of public and
private hospitals in the cohort.
Routine auditing of the NSQIP da-
tabase is performed to ensure stan-
dardized data collection. Audits
have demonstrated high data re-
liability with disagreement rates of <
2% [13]. Additionally, the database
reports if any data are missing for
a given variable to allow researchers
to appropriately address the missing
data. The three additional databases
(NIS, HAC, and MED) were queried
utilizing the PearlDiver Research
Program (www.pearldiverinc.com;
PearlDiver Inc, Fort Wayne, IN,
USA). All three of these databases
are administrative claims data sets
with their comorbidity and adverse
event data defined by reimbursement
data in the form of ICD-9 and/or CPT
codes. The HAC and MED databases
utilize both ICD-9 and CPT codes
and capture both inpatient and out-
patient events. For the MED and
HAC databases, there are no time

intervals after which outpatient
events are no longer captured other
than limitations by what years are
included in the respective databases.
In this study, outpatient events were
only analyzed out to 30 days after
TKA to allow for comparison to
NSQIP. The NIS consists of a 20%
sample of all inpatient discharges
and includes only inpatient data.
Similar to HAC and MED, NIS
comorbidity and adverse event
data are defined by reimbursement
data for the inpatient admission of
interest; however, only ICD-9
codes are supported by NIS. Al-
though the absence of CPT codes in
NIS does somewhat limit the accu-
racy of identifying complications
that required a return to the operating
room (ie, infection), this is unlikely
to greatly limit the findings of
this study because return to the op-
erating room during the inpatient
stay was overall a rare event, ICD-9
procedure codes do capture oper-
ations, and only the infection varia-
bles and cardiac arrest variable had
CPT codes included (for HAC and
MED) in their definitions along with
ICD-9 diagnosis codes that are in-
dividually quite specific for these
particular complications. The val-
idity of administratively coded
comorbidity and complication data
in the total joint arthroplasty pop-
ulation has been studied by Bozic
et al. [5]. They reported varied con-
cordance between administrative
claims and the clinical record, cit-
ing a high degree of specificity
(> 92%) for all comorbidities and
complications but a lower degree of
sensitivity (29%-100%) suggesting
comorbidities and complications in
the administrative claims record are
accurate but often incomplete [5].
The number of patients undergoing
primary TKA analyzed in this study

Fig. 1 Demonstrated is the exponential use of large databases for orthopaedic re-
search in recent years. The following search query was used to identify the number of
database TKA studies in PubMed each year: ((“total knee replacement” or “total knee
arthroplasty” or “knee replacement” or “TKA” or “total knee” or “knee replacement”)
AND (“NIS” or “nationwide inpatient sample” or “NSQIP” or “national surgical quality
improvement program” or “PearlDiver” or “national database” or “insurance database”
or “database”)).
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was 48,248 in HAC, 783,546 in
MED, 393,050 in NIS, and 43,220 in
NSQIP.

Definitions from the NSQIP user
manual for seven comorbidities
(morbid obesity, obesity, coagulop-
athy, diabetes, hypertension, chronic
obstructive pulmonary disease
[COPD], and smoking; Table 1) and
nine postoperative complications
(deep vein thrombosis [DVT],
pneumonia, stroke, myocardial in-
farction, cardiac arrest, pulmonary
embolism [PE], wound dehiscence,
deep surgical site infection [SSI],
and any SSI; Table 2) were matched
to corresponding ICD-9 and CPT
codes and compared for all patients
across all databases. These particular
comorbidities and complications
were chosen because they were

thought to be most relevant to
patients undergoing TKA and they
were felt to be most accurately
matched to corresponding ICD-9
codes based on their NSQIP defi-
nitions. NSQIP variables not in-
cluded were either unrelated to
patients undergoing TKA or the
definitions were extremely specific
and did not have an adequate corre-
sponding ICD-9 code. Additionally,
patient demographics (age at the
time of surgery and sex) were also
compared across data sets.

Postoperative complications were
evaluated and compared over two
different time periods: those that oc-
curred during the inpatient stay (NIS,
NSQIP, HAC, MED) and those that
occurred within 30 days of the pri-
mary TKA (NSQIP, HAC, MED).

Lastly, the differences in rates of
complications occurring during the
inpatient stay versus those occurring
within 30 days after surgery were
compared for databases with both of
these times points available (NSQIP,
HAC, MED).

Demographic characteristics
were compared between databases
with use of the Pearson chi-square
test. Given the manner in which age
data are provided by the PearlDiver
research program for HAC, NIS, and
MED, we compared age of patients
between databases based on which
age group the median age at the time
of TKA fell within. A p value of <
0.05 was considered significant.
Prevalence of comorbidities and
complication rates was compared
among databases with use of relative

Table 1. Definitions of comorbidity variables

Comorbidity NSQIP NIS, HAC, MED

Morbid obesity BMI > 40 kg/m2 based on “height”
(height) and “weight” (weight)

ICD-9 278.01 (obesity [BMI from > 40
kg/m2]) V85.3 (BMI > 40 kg/m2, adult)

Obesity BMI 30-40 kg/m2 based on “height”
(height) and “weight” (weight)

ICD-9 278.00 (obesity [BMI from 30-40
kg/m2]) V85.3 (BMI between 30 and 39
kg/m2, adult)

Coagulopathy “bleeddis” (bleeding disorders) ICD-9 286.x* (coagulation defect),
287.3x (primary thrombocytopenia),
287.4x (secondary thrombocytopenia),
287.5 (thrombocytopenia,
unspecified), 269.0 (deficiency of
vitamin K)

Diabetes “diabetes” (diabetes mellitus with oral
agents or insulin)

ICD-9 249.xx (secondary diabetes
mellitus), 250.xx (diabetes mellitus)

Hypertension “hypermed” (hypertension requiring
medication)

ICD-9 401.xx (essential hypertension),
405.xx (secondary hypertension)

Chronic obstructive pulmonary disease
(COPD)

“hxcopd” (history of severe COPD) ICD-9 491.xx (chronic bronchitis), 492.
xx (emphysema),496 (chronic airway
obstruction, unspecified)

Smoking “smoke” (current smoker within 1 year) ICD-9 30.51 (tobacco use disorder,
dependence)

*The letter “x” represents all fourth or fifth digits that could designate an ICD-9 code.
NSQIP = National Surgical Quality Improvement Program; NIS = National Inpatient Sample; HAC = Humana Administrative Claims
database; MED = Medical Standard Analytic Files; BMI = body mass index; ICD-9 = International Classification of Diseases, 9th

Revision.
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Table 2. Definitions of complication variables

Complication NSQIP HAC and MED NIS

Deep vein
thrombosis

“nothdvt” (deep vein
thrombosis, with or without
inflammation, postoperative)

Acute venous embolism and thrombosis of: ICD-
9 453.2 (inferior vena cava), 453.3 (renal vein),
453.40 (deep vessel unspecified), 453.41
(proximal lower extremity), 453.42 (distal lower
extremity), 453.82 (deep veins of upper
extremity), 453.83 (upper extremity unspecified),
453.84 (axillary vein), 453.85 (subclavian vein),
453.86 (internal jugular vein)

Acute venous embolism and thrombosis of:
ICD-9 453.2 (inferior vena cava), 453.3 (renal
vein), 453.40 (deep vessel unspecified), 453.41
(proximal lower extremity), 453.42 (distal lower
extremity), 453.82 (deep veins of upper
extremity), 453.83 (upper extremity
unspecified), 453.84 (axillary vein), 453.85
(subclavian vein), 453.86 (internal jugular vein)

Pneumonia “noupneumo” (pneumonia,
postoperative)

ICD-9 480.x (viral pneumonia), 481
(pneumococcal pneumonia), 482.x (other
bacterial pneumonia), 483.x (pneumonia
resulting from other specified organism), 484.x
(pneumonia in infectious diseases classified
elsewhere), 485 (bronchopneumonia), 486
(pneumonia, organism unspecified)

ICD-9 480.x (viral pneumonia), 481
(pneumococcal pneumonia), 482.x (other
bacterial pneumonia), 483.x (pneumonia
resulting fromother specified organism), 484.x
(pneumonia in infectious diseases classified
elsewhere), 485 (bronchopneumonia), 486
(pneumonia, organism unspecified)

Stroke “ncnscva” (stroke or
cerebrovascular accident,
postoperative)

ICD-9 997.02 (iatrogenic cerebrovascular
infarction or hemorrhage), 430 (SAH), 431
(intracerebral hemorrhage), 432.x (other and
unspecified intracranial hemorrhage), 433.x1
(occlusion and stenosis of precerebral arteries
with infarction), 434.x1 (occlusion of cerebral
arteries, with cerebral infarction)

ICD-9 997.02 (iatrogenic cerebrovascular
infarction or hemorrhage), 430 (SAH), 431
(intracerebral hemorrhage), 432.x (other and
unspecified intracranial hemorrhage), 433.x1
(occlusion and stenosis of precerebral arteries
with infarction), 434.x1 (occlusion of cerebral
arteries, with cerebral infarction)

Myocardial
infarction

“ncdmi” (myocardial
infarction, postoperative)
“typeintoc” (myocardial
infarction, intraoperative)

ICD-9 410.x0, 410.x1 (acute myocardial
infarction, initial and unspecified episode of
care)

ICD-9 410.x0, 410.x1 (acute myocardial
infarction, initial and unspecified episode of
care)

Cardiac arrest “ncdarrest” (cardiac arrest
requiring cardiopulmonary
resuscitation, postoperative)
“typeintoc” (cardiac arrest
requiring cardiopulmonary
resuscitation, intraoperative)

ICD-9 427.5 (cardiac arrest), 427.41 (ventricular
fibrillation), CPT-92950 (cardiopulmonary
resuscitation; eg, in cardiac arrest)

ICD-9 427.5 (cardiac arrest), 427.41
(ventricular fibrillation)

Pulmonary
embolism

“npulembol” (pulmonary
embolism, postoperative)

ICD-9 415.11 (atrogenic pulmonary embolism
and infarction), 415.12 (septic pulmonary
embolism), 415.13 (saddle embolus of
pulmonary artery), 415.19 (other pulmonary
embolism)

ICD-9 415.11 (atrogenic pulmonary embolism
and infarction), 415.12 (septic pulmonary
embolism), 415.13 (saddle embolus of
pulmonary artery), 415.19 (other pulmonary
embolism)
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Table 2. continued

Complication NSQIP HAC and MED NIS

Wound
dehiscence

“ndehis” (wound disruption,
postoperative)

ICD-9 998.30 (disruption of wound, unspecified),
998.31 (disruption of an internal operation
[surgical] wound), 998.32 (disruption of an
external operation [surgical] wound)

ICD-9 998.30 (disruption of wound,
unspecified), 998.31 (disruption of an internal
operation [surgical] wound), 998.32
(disruption of an external operation [surgical]
wound)

Deep surgical
site infection

“nwndinfd” (deep surgical
site infection, postoperative);
norgspcssi” (organ or space
surgical site infection,
postoperative)

CPT 27488 (removal of prosthesis, including total
knee prosthesis, methylmethacrylate with or
without insertion of spacer, knee), 10180
(incision and drainage, complex, postoperative
wound infection), 27310 (arthrotomy, knee, with
exploration, drainage, or removal of foreign
body [eg, infection]), 11981 (insertion,
nonbiodegradable drug delivery implant), 29871
(arthroscopy, knee, surgical; for infection, lavage
and drainage), ICD-9 80.06 (arthrotomy for
removal of prosthesis without replacement,
knee)

NA

Any surgical site
infection

“nsupinfec” (superficial
surgical site infection,
postoperative)“nwndinfd”
(deep surgical site infection,
postoperative); “norgspcssi”
(organ or space surgical site
infection, postoperative)

ICD-9 996.66 (infection and inflammatory
reaction resulting from internal joint prosthesis),
998.83 (nonhealing surgical wound), 998.51
(infected postoperative seroma), 998.59 (other
postoperative infection), 998.6 (persistent
postoperative fistula)

ICD-9 996.66 (infection and inflammatory
reaction resulting from internal joint
prosthesis), 998.83 (nonhealing surgical
wound), 998.51 (infected postoperative
seroma), 998.59 (other postoperative
infection), 998.6 (persistent postoperative
fistula), 80.06 (arthrotomy for removal of
prosthesis without replacement, knee)

CPT 27488 (removal of prosthesis, including total
knee prosthesis, methylmethacrylate with or
without insertion of spacer, knee), 10180
(incision and drainage, complex, postoperative
wound infection), 27310 (arthrotomy, knee, with
exploration, drainage, or removal of foreign
body [eg, infection]), 11981 (insertion,
nonbiodegradable drug delivery implant), 29871
(arthroscopy, knee, surgical; for infection, lavage
and drainage), ICD-9 80.06 (arthrotomy for
removal of prosthesis without replacement,
knee)

NSQIP = National Surgical Quality Improvement Program; HAC = Humana Administrative Claims database; MED = Medical Standard Analytic Files; NIS =
National Inpatient Sample; ICD-9 = International Classification of Diseases, 9th Revision; SAH = subarachnoid hemorrhage; CPT = Current Procedural
Terminology code; NA = the endpoint of deep surgical site infection was not compared for inpatients because we were unable to appropriately match
procedure codes representing operative infection for NIS given this database does not include CPT codes.
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risk (RR) and corresponding 95%
confidence intervals. However,
consistent with other database com-
parison studies, the large sample
sizes and associated high power
allowed for detection of statistical
significance for small, clinically in-
significant differences [3, 4]. Thus,
the focus of these comparisons was
on the magnitude of the differences,
specifically utilizing an absolute
difference threshold of greater than
twofold to signify an important
clinical difference.

Results

Demographic Comparisons
Among Databases
Age distribution was clinically similar
among databases with median age
falling within the 70- to 74-year-old
age group for NSQIP,MED, and HAC
and 65 to 69 years for NIS (Fig. 2).
The female-to-male ratio was 1.7 to
one for NIS and NSQIP and 1.8 to one
for HAC and MED. Despite observed
statistical differences (p < 0.001 for
age breakdown and sex ratios), these
differences were small and well below
our predetermined thresholds defining
clinically important differences.

Differences in Comorbidities
and Complications

Overall there was some variation in
the prevalence of comorbidities (Fig. 3)
and large variation in rates of in-
patient complications (Fig. 4) and
postoperative complications occur-
ring within 30 days of TKA among
databases compared (Fig. 5). How-
ever, given that many small and
clinically unimportant differences
were statistically significant in the

RR analysis, the focus of these com-
parisons was on the absolute difference
in comorbidities and complication rates
using a threshold of a twofold difference
to define clinical importance. Compari-
son of comorbidities demonstrated
a greater than twofold increase in RR of

COPD and coagulopathy in both HAC
and MED compared with NIS and
NSQIP (RR for COPD: MED versus
NIS 3.1 [3.0-3.1], MED versus NSQIP
4.5 [4.3-4.7], HAC versus NIS 3.6 [3.6-
3.7], HAC versus NSQIP 5.3 [5.0-5.6];
RR for coagulopathy: MED versus NIS

Fig. 2 This graphic breakdown of age of the patients at the time of primary TKA
demonstrates the relative similarity of age among the four databases.

Fig. 3 Presented here is the prevalence of comorbidities in patients undergoing pri-
mary TKA for each database analyzed.
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3.9 [3.8-4.0], MED versus NSQIP 3.1
[2.9-3.2], HAC versus NIS 3.3 [3.2-3.4],
HAC versus NSQIP 2.7 [2.5-2.8]; p <
0.001 for all). Additionally, NSQIP had
twice the amount of obese patients as
NIS (RR 0.4 [0.3-0.4], p < 0.001). The
prevalence of all other comorbiditieswas
not different among all databases (less
than a twofold difference; Table 3).

The occurrence of inpatient com-
plications was compared among all
four databases included in this study
(MED, NIS, HAC, NSQIP) and
revealed HAC, MED, and NIS to have
at least a twofold increase in RR of any
SSI and wound dehiscence compared
with NSQIP (RR any SSI: HAC: 17.9
[12.3-26.3], MED: 3.45[2.38-5.01],

NIS: 2.73 [1.88-3.99]; RR wound de-
hiscence: HAC: 2.64 [1.61-4.34],
MED: 3.45 [2.38-5.01], NIS: 2.73
[1.88-3.99]; p < 0.001 for all). Addi-
tionally, there was a greater than five-
fold increase in RR of any SSI for HAC
compared with MED (RR 5.21 [4.74-
5.73], p < 0.001) or NIS (RR 6.57
[5.88-7.34], p < 0.001). For the in-
patient complications stroke and
pneumonia, HAC and MED had more
than a twofold RR of these complica-
tions relative to NSQIP (RR for stroke:
HAC: 3.73 [2.41-5.77], MED: 2.23
[1.50-3.32]; RR for pneumonia: HAC:
2.62 (2.11-3.27), MED: 2.38 [1.96-
2.88); p < 0.001 for all). Lastly, HAC
had a RR of 2.62 (2.10-3.27) for
prevalence of stroke compared with
NIS (p < 0.001). Prevalence of all other
inpatient complications was not dif-
ferent among databases (Table 4).

Prevalence of complications occur-
ring within 30 days after TKA was
compared among HAC, MED, and
NSQIP (NIS only included inpatient
data) and varied greatly across data-
bases with HAC having more than
a twofold greater prevalence of every
complication than NSQIP (p < 0.001
for all). Additionally, HAC had over
twice the RR of stroke (2.62 [2.34-
2.93]), deep SSI (10.72 [9.37-12.29]),
and any SSI (2.04 [1.94-2.15]) than
MED (p < 0.001 for all). Although
MED had greater than a twofold
prevalence of pneumonia (3.25 [2.77-
3.81]), stroke (3.48 [2.48-4.89]), and
wound dehiscence (2.66 [2.15-3.29])
than NSQIP, MED had less than half
the prevalence of deep SSI relative to
NSQIP (0.22 [0.18-0.27], p < 0.001 for
all). Prevalence of all other complica-
tions occurring within 30 days of sur-
gery was not different among
databases (Table 5).

When looking at the number of
complications captured by the data-
bases relative to the time period

Fig. 4 Presented here is the prevalence of inpatient complications after TKA for each
database analyzed.

Fig. 5 Presented here is the prevalence of complications within 30 days after TKA for
each database analyzed.
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analyzed (inpatient versus 30 days af-
ter surgery), it was found that over half
of any SSI, deep SSI, wound de-
hiscence, and DVT was not captured
by NSQIP if followup was limited to
only inpatient events. Similarly, over
half of all complication endpoints ex-
cept deep SSI would not have been
captured by HAC if limited to the in-
patient time period. Additionally,
MED would have missed over half of
all SSI, deep SSI, wound dehiscence,
PE, stroke, and DVT if only inpatient
data were included.

Discussion

In an era of increasing use of large clin-
ical registries and administrative claims
databases for orthopaedic research and
assessment of hospital quality, our study
demonstrated that among four com-
monly utilized databases, there is con-
siderable variation in prevalence of
complication rates after primary TKA
despite relatively similar demographic
and comorbidity profiles across these
data sets. Additionally, a large percent-
age of complications is not captured if
only inpatient events are analyzed and
included within the database. These
findings highlight the importance of un-
derstanding the methodology utilized to
create each respective database.

Limitations to this study include the
inability to link specific patients across
databases used in this analysis. If we
were able to specifically identify the
same patient within each database, we
would have been able to provide a true
measure of validity and determine the
most accurate database for analyzing
complication rates after TKA. It is likely
the same patient may be represented in
multiple databases because HAC does
contain patients with Medicare advan-
tage plans and both NSQIP and NIS Ta
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represent a sample of the population not
defined by an insurance provider. How-
ever, the degree to which there is overlap
between these databases is not known.
Although we are unable to determine the
effect of overlap between databases from
this study, we would assume a lesser
degree of overlap would result in a lower
degree of concordance among the find-
ings in each database.Additionally, there
was the potential for bias resulting from
limitations of ICD-9/CPT coding and the
strict nature of NSQIP definitions of
comorbidities and complications possi-
bly resulting in imperfect matching of
some variables. For example, in the case
of DVT, the NSQIP variable requires
diagnosis and treatment, but for the ad-
ministrative claims data, the treatment
threshold is not a necessity for a di-
agnosis. Although matched as closely as
possible, the differences in NSQIP defi-
nitions and ICD-9/CPT coding for
a given variable likely played a large role
in reported differences in NSQIP and
administrative claims databases. Lastly,
a twofold cutoff was used as a threshold
for signifying excessive differences in
the prevalence of comorbidities and
complications. This threshold may have
not signified clinically important differ-
ences of more common comorbidities/
complications that had higher baseline
prevalence because it would have still
needed to double or halve to meet this
cutoff. For example, 66% of NSQIP
patients undergoing TKA had hyper-
tension (HTN) and thus as few as 33%of
patients could only have HTN in the
other databases to meet this threshold.
However, we believed that having
a higher cutoff threshold was imperative
to highlight the large clinically important
differences within these data sets.

Despite differences in age and sex
observed between databases, the mag-
nitude of these differences was quite
small, and all of them fell well below our
a priori definitions of what wouldTa
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represent a clinically important differ-
ence. Similar findings have been repor-
ted in other database comparison studies
with small, likely clinically unimportant
differences found when comparing both
patients with hip fracture and those un-
dergoing lumbar spine fusion in NIS and
NSQIP [3, 4]. These findings are im-
portant because they demonstrate that
despite similar demographic profiles,
patients undergoing TKA have wide
variability in the prevalence of comor-
bidities and postoperative complications
depending on the specific database uti-
lized for analysis.

The differences in prevalence of
complications for the various data-
bases in this analysis are likely a result
of the differences in methodology used
to categorize complications for each
respective data set. Additional reasons
for differences in complication rates
may be the manner in which the data
are collected (trained clinical reviewers
in NSQIP versus coders for admin-
istrative claims databases) and the
primary reason for the data collection
(quality assessment for NSQIP versus
billing for administrative claims data-
bases). These differences seem to ap-
ply to both inpatient and outpatient
complications. We suspect that

NSQIP, which utilized chart abstrac-
tion by trained clinical reviewers with
strict definitions for complications, is
likely more accurate than administra-
tive claims databases given limitations
in ICD-9/CPT codes and the need for
accurate documentation. The concern
for the accuracy of administrative
claims data relative to clinical regis-
tries such as NSQIP has recently
emerged in the literature across multi-
ple surgical specialties [2-4, 7-10].
Two of these studies performed by
Bohl et al. compared NSQIP with NIS
for patients with hip fracture and
patients who underwent lumbar spine
surgery utilizing similar methodology
as the present study [3, 4]. Both studies
demonstrated variation in rates of in-
patient adverse events depending on
the database after either hip fracture or
lumbar spine surgery despite having
similar patient populations [3, 4]. Ad-
ditionally, similar to the current study,
limitations of data sets that only in-
cluded inpatient data were highlighted
in these articles because over half of
SSIs, DVTs, and urinary tract infec-
tions after hip fracture surgery and over
half of SSIs and mortalities after lum-
bar spine surgery are not captured by
NSQIP if the time period analyzed is

limited to only inpatient data [3, 4].
However, despite the data cited and the
results of this study, the differences in
prevalence of complications among
databases cannot be entirely attributed
to methods of data acquisition (spe-
cifically, administrative claims versus
clinical registry) because even com-
parisons among multiple administra-
tive claims databases in this study had
drastically different results for the
complications of stroke and SSI (Figs.
4, 5) despite querying the database
with the exact same methodology.

Although we found a number of
clinically important differences across the
four databases we evaluated, we still be-
lieve each of these databases has impor-
tant roles to play in orthopaedic research.
Clinical registries such as NSQIP likely
would be best utilized to evaluate the
impact of comorbidities on specific
complications after surgical procedures
given their prospective collection of data,
robust review of multiple sources to ob-
tain clinical information (chart abstrac-
tion, medical providers, and patients),
and theirwell-defined definitions for each
included variable. However, NSQIP is
limited to a short followup period (30
days) and is just a small sample of vol-
untarily participating hospitals, which

Table 5. Comparisons of complications within 30 days after TKA

Complication HAC versus MED p value HAC versus NSQIP p value MED versus NSQIP p value

DVT 1.89 (1.80-1.99) < 0.001 3.69 (3.32-4.10) < 0.001 1.95 (1.77-2.15) < 0.001

Pneumonia 1.83 (1.72-1.95) < 0.001 5.94 (5.02-7.04) < 0.001 3.25 (2.77-3.81) < 0.001

Stroke 2.62 (2.34-2.93) < 0.001 9.12 (6.41-12.96) < 0.001 3.48 (2.48-4.89) < 0.001

MI 1.55 (1.39-1.73) < 0.001 2.70 (2.19-3.32) < 0.001 1.74 (1.45-2.09) < 0.001

Cardiac arrest 1.60 (1.33-1.93) < 0.001 2.48 (1.75-3.51) < 0.001 1.55 (1.14-2.10) < 0.001

PE 1.53 (1.42-1.65) < 0.001 2.23 (1.95-2.55) < 0.001 1.46 (1.30-1.64) < 0.001

Wound dehiscence 1.35 (1.21-1.51) < 0.001 3.59 (2.84-4.55) < 0.001 2.66 (2.15-3.29) < 0.001

Deep SSI 10.72 (9.37-12.29) < 0.001 2.36 (1.93-2.88) < 0.001 0.22 (0.18-0.27) < 0.001

Any SSI 2.04 (1.94-2.15) < 0.001 3.69 (3.32-4.12) < 0.001 1.81 (1.64-1.99) < 0.001

Data presented as relative risk and corresponding 95% confidence interval.
HAC = Humana Administrative Claims database; MED = Medicare Standard Analytic Files; NSQIP = National Surgical Quality
Improvement Program;DVT= deep vein thrombosis; MI =myocardial infarction; PE = pulmonary embolism; SSI = surgical site infection.
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limits the ability of this type of database
to estimate disease prevalence or to ex-
amine trends. Prevalence of disease or
trends over time are probably best studied
with administrative claims databases
such asNIS,MED, orHACbecause they
are more representative of the general
population and generally have more
years of data included. Additionally, ad-
ministrative claims databases appear to
be better suited for financial analysis,
analysis of questions outside the scope
of strict clinical definitions often asso-
ciated with clinical registries, and to
evaluate complications that occur fur-
ther in time after the index procedure
(ie, revision of a TKA) because specific
patients can be followed for the entire
time period they remain within a given
claims databases. Although in this
study, inpatient-only analysis missed
a number of clinically important com-
plications that occurs in the 30 days
after discharge, inpatient-only data-
bases such as NIS can still be very
useful because they often allow for
better analysis of length of stay issues
and are usually less geographically
limited compared with other databases.
The strengths and weaknesses of these
databases must be considered when
evaluating literature that utilizes a large
administrative claims database or clini-
cal registry.

In conclusion, this study demonstrates
that among clinical and administrative
databases commonly used in orthopaedic
research, there is considerable variation
in the prevalence of comorbidities and
rates of complications after primary TKA
depending on the database and post-
operative time period used for analysis.
The drivers of this variation are likely the
result of major differences in the variable
definitions, collections methods, and pa-
tient cohorts. When evaluating research
utilizing large databases, one must pay
particular attention to the type of database

used (administrative claims, clinical reg-
istry, or other kinds of databases), the
duration of followup, and the population
captured in that data set to ensure it is best
suited for the specific research question.
Furthermore, attention must also be paid
to definitions utilized to define comor-
bidities and complications to ensure they
accurately represent the variable of in-
terest. Lastly, in the era of value-based
health care, these differences must be
considered when developing risk adjust-
ment models for initiatives such as bun-
dled payments. In the development of
these programs, policymakers must
carefully consider the data sources used
to ensure the data analytics match his-
torical sources. For example, if adminis-
trative claims data will be used actively
within a bundle, then expected rates and
risk adjustment models should be built
off of those data.
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