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Abstract

Administrative data are commonly used to evaluate total joint arthroplasty, but analyses have
historically been limited by the inability to capture which conditions were present-on-admission
(POA). In 2007 Medicare began allowing hospitals to submit POA information. We used
Medicare Part A data from 2008-2009 to examine POA coding for three common complications
(pulmonary embolism [PE], hemorrhage/hematoma, and infection) for primary and revision total
knee arthroplasty (TKA). POA information was complete for 60%-75% of complications. There
was no evidence that higher TKA volume hospitals or major teaching hospitals were more likely
to accurately code POA data. The percentage of complications coded as POA ranged from 6.4%
(PE during index admission for primary TKA) to 68.8% (infection during index admission for
revision TKA). Early experience suggests that POA coding can significantly enhance the value of
Medicare data for evaluating TKA outcomes.

Introduction

Administrative data derived from physician and hospital insurance claims are now routinely
used to evaluate hospital performance. The strengths and limitations of administrative data
are well known.1-2 While clinical diagnosis-specific registries provide greater detail in most
circumstances, evidence is accumulating that, when analyzed carefully, administrative data
can provide accurate information that approximates what is found on medical record
review.3 Since nationwide clinical registries in the United States (US) currently exist for
only a few select diagnoses/procedures and are extremely costly and labor intensive to

Corresponding Author: ﬁeter Cram, MD MBA, Division of General Internal Medicine, Toronto General Hospital, 200 Elizabeth
Street, Eaton North, 141 Floor, Toronto, ON Canada M5G 2C4, pcram@alumni.wfu.edu.

Conflict of Interest: Dr. Cram, Li, and Ms. Lu have no conflicts to disclose.




1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cram et al.

Methods

Data

Page 2

develop,>-8 administrative data continue to serve as the mainstay of hospital quality
reporting and health services research. In the case of total knee arthroplasty (TKA) because
multi-center clinical registries are not widely available, Medicare administrative data is
commonly used to evaluate complications and readmission rates.%11 It is highly likely that
public reporting of hospital TKA outcomes in the US will be introduced by the Centers for
Medicare and Medicaid Services (CMS) using Medicare administrative data in the near
future.*

One of the major historical limitations in using administrative data to evaluate hospital TKA
performance has been the inability to differentiate comorbid conditions from
complications.12 For example, in the case of revision TKA it has been difficult (if not
impossible) to accurately determine whether a post-operative infection was present-on-
admission (POA) (i.e., the infection was the indication for the revision) or whether the
infection represented a complication of the revision procedure.13 In an effort to improve the
utility of Medicare administrative data for both research and hospital quality measurement,
CMS introduced codes in October, 2007 to allow hospitals to report whether specific
conditions were POA.14 Providing POA information to CMS offers hospitals an opportunity
to substantially enhance the accuracy of complication-rate data collected by Medicare. At
the same time, providing accurate POA data might require modest investments of time and
effort on behalf of hospital staff and physicians engaged in coding and documentation.
While POA data have been collected by CMS and coded in Medicare administrative data
since 2007, to the best of our knowledge there are no studies that have examined how these
codes are being used in orthopaedic surgery.

The overarching objective of our study was to evaluate early experience with POA coding
for complications related to primary and revision TKA. In particular, we wanted to
understand the proportion of hospitals using POA codes when reporting TKA complications
to Medicare and whether there were differences between hospitals that were and were not
reporting POA data to CMS. We hypothesized that higher volume hospitals and major
teaching hospitals would be more likely to consistently report POA information to CMS,
reflecting the fact that these hospitals would have the size, financial resources, and surgical
volumes to justify the investment in collecting these codes. We also set out to explore how
POA codes might impact three common complications (pulmonary embolism [PE], post-
operative bleeding, and infection) that are of interest to hospitals, physician, and policy
makers. We hypothesized that POA coding would be particularly important for infection
related to revision TKA procedures where the POA codes would allow for differentiation
between revision surgery performed for infection (i.e., infection was POA) versus infection
developing as a true complication of the revision procedure (i.e., infection not POA, but
developed post-operatively).

We used Medicare Provider Analysis and Review (MedPAR) Part A data files from
2007-2009 containing a 100% sample of hospitalizations for fee-for-service beneficiaries to
identify all enrollees age 65 years and older who underwent primary or revision TKA.
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Patients were identified using International Classification of Diseases, Ninth Revision,
Clinical Madification (ICD9-CM) procedure codes (81.54 for primary and 80.06, 81.55,
00.80, 00.81, 00.82, 00.83, 00.84 for revision TKA).315-17 The Part A files contain a range
of data collected from discharge abstracts for all hospitalized fee-for-service Medicare
enrollees including: patient demographics; ICD9-CM codes for primary and secondary
diagnoses and procedures; admission source (e.g., emergency department or transfer from
outside hospital); admission and discharge dates; each patient’s unique Medicare beneficiary
number allowing for identification of patient readmissions; and each hospital’s unique six
digit identification number. Comorbid illnesses present at the time of admission were
identified using algorithms described by Elixhauser et al.18:19 which consider 30 specific
conditions and exclude comorbid conditions that may represent complications of care or that
are related to the primary reason for hospitalization. We also determined the number of
comorbid conditions for each patient and then calculated the mean number of comorbid
conditions across different groups. As these comorbidity algorithms were developed prior to
the integration of POA codes into Medicare data, the Elixhauser coding schemes do not
attempt to differentiate comorbidities that were or were not POA. Since 2008 Medicare Part
A data collection has allowed for submission of POA fields for each primary and secondary
diagnosis and procedure.* For each diagnosis and procedure, POA codes can either be
entered directly by the physician (or their delegate) into an electronic health record that also
collects billing information or POA codes can be abstracted from the medical record and
submitted separately by coding/billing staff. For each diagnosis and procedure, the POA
indicator is assigned one of the following values:

Y = Condition present at the time of inpatient admission.
N = Condition not present at the time of inpatient admission.
U = Documentation is insufficient to determine if condition was present on admission.

W = Provider is unable to clinically determine whether condition was present on
admission or not.

1 = Unreported/not used -- exempt from POA reporting -- this code is the equivalent
code of a blank, however, it was determined that blanks were undesirable when
submitting the data.

Z = Denotes the end of the POA indicators

X = Denotes the end of the POA indicators in special data processing situations that
may be identified by CMS in the future.

In order to generate appropriate analytical cohorts we applied several inclusion and
exclusion criteria for our analyses (See Appendices A and B); criteria were different for the
primary and revision TKA cohorts reflecting underlying differences in the indications for
these procedures. First, we excluded Medicare HMO enrollees from both the primary and
revision TKA cohorts as the MedPAR data is incomplete for enrollees in such plans.
Second, we limited our cohort to the first primary (or revision) TKA performed on a given
patient during any 1-year period using methods we have described previously to avoid
including staged procedures performed in close temporal proximity; data from 2007 was
needed to allow us to implement the 1-year “look back.”20 Third, as primary TKA is most
often an elective procedure while revision TKA can be either an elective or more urgent
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procedure, we applied separate exclusion criteria to the primary and revision TKA
populations in accordance with prior studies as described below. For primary TKA, we
sequentially excluded patients admitted through the emergency department (N=2993), and
patients admitted after transfer from another acute-care hospital (N=374); these exclusion
criteria were developed to select a population of primary elective TKA patients. Our
revision TKA population did not exclude these types of patients because revision TKA can
be an emergent or unscheduled procedure and thus exclusion of these populations would not
make sense. The MedPAR data was merged with hospital-level data obtained from the 2009
American Hospital Association Annual Survey for variables including hospital bed-size, for-
profit/not-for-profit status, and hospital teaching status.

Statistical Analysis

Our overarching objective was to examine how hospitals are using POA codes and how
POA coding is being used with respect to selected complications after primary and revision
TKA. We focused on three complication rates that we and others have studied previously
using administrative data and that are a focus for the US Medicare program?: 1) pulmonary
embolism; 2) infection; and 3) hemorrhage/hematoma. Codes used to identify these
complications were based upon prior analyses that we and others have used previously and
are included in Appendix C.3:21.22 All analyses were conducted separately for the primary
and revision TKA cohorts.

First, we compared the demographic characteristics and prevalence of selected comorbidities
for patients who did and did not experience complications. We stratified the primary TKA
cohort into three groups: 1) patients who experienced no complication; 2) patients who
experienced one-or-more complications during the index hospital stay; and 3) patients who
were discharged alive without complications during the index hospital stay, but
subsequently experienced one-or-more complications during readmission within 90-days of
surgery. We then compared demographics and comorbid illnesses among these three groups
using analysis of variance for comparisons of continuous variables and the chi-squared test
for categorical variables. Analogous analyses were conducted for the revision TKA
population.

Second, we set out to examine whether there were differences in hospitals that did and did
not regularly use POA codes. For purposes of these analyses we analyzed all primary and
revision TKA cases performed in a given hospital in aggregate to maximize sample size. For
each hospital we calculated the total number of TKA cases experiencing one-or-more
complications during either the index admission or readmission occurring within 90-days of
surgery. We calculated the percentage of cases experiencing complications at each hospital
for which POA coding was complete. Since POA codes have only been recently introduced
and there are few published papers defining how best to use these codes, we relied upon a
common sense approach in our study; coding was deemed complete for a given patient if the
POA fields for primary or secondary diagnoses were coded as Y, N, U or W. Conversely,
POA fields that were coded as 1, Z or X were considered incomplete. Thus a hospital with
10 TKA complications of which five had completed POA coding, this hospital would have
had a POA coding completeness of 50% (5-o0f-10 complications).
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We reviewed the distribution of POA coding completeness across all hospitals and then
stratified hospitals into three groups: 1) hospitals reporting valid POA codes for <25% of
complication cases; 2) hospitals reporting valid POA codes for >75% of complication cases;
and 3) all other hospitals (i.e., those reporting valid POA codes for 26%-75% of
complication cases). We used bivariate methods to compare the characteristics of hospitals
with low, intermediate, and high POA coding percentages. In particular, we examined
hospital bed-size, teaching status, geographic region, governance status (for-profit, not-for-
profit), and Medicare disproportionate share (DSH) payment on TKA cases; DSH payments
reflect supplemental payments that CMS makes to hospitals that provide a particularly large
proportion of care to lower income patients (i.e., Medicaid eligible patients). For Medicare
DSH payment, we grouped hospitals into 1) zero DSH hospitals if a hospital did not receive
any DSH payments, 2) low DSH hospitals if a hospital’s DSH payment was less than the
median DSH payment of all hospitals receiving DSH payment, and 3) high DSH hospitals
otherwise using a method that we have described previously.23

Third, we examined the impact of POA coding on our three selected complications
(pulmonary embolism [PE]; hemorrhage; and infection). Analyses were conducted
separately for primary and revision TKA. We began by stratifying complications into those
that occurred during the index admission and those that occurred on readmission. Next, for
each complication we examined the percentage of the total number of complications that
were coded as present on admission (YY), not present on admission (N), other values (U, W)
and for which data was missing (1, Z, X).

All p-values are 2-tailed, with p-values less 0.05 deemed statistically significant. All
statistical analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC). This
project was approved by the University of lowa Institutional Review Board.

Our study cohort consisted of 426,551 Medicare enrollees who underwent primary TKA and
36,108 who underwent revision TKA in 2008-2009 (Appendix A and B). Among the
primary TKA cohort, 6,202 patients (1.5%) had a code for one-or-more of our three
conditions (PE, hemorrhage, or infection) during the index hospital stay and an additional
5,165 (1.2%) had such a code on a subsequent readmission within 90-days of surgery (Table
1). Among the revision TKA cohort, 8,955 patients (24.8%) had a code for one-or-more of
our three conditions (PE, hemorrhage, or infection) during the index hospital stay and an
additional 877 (2.4%) had such a code on a subsequent readmission within 90-days of
surgery (Table 2). Primary TKA patients with complications (on either the index admission
or readmission) tended to be slightly older, were less likely to be female, were less likely to
be white and more likely to be black than patients who did not experience a complication
(Table 1). Patients experiencing complications after primary TKA had a greater burden of
comorbid illness as measured by the mean number of comorbid conditions (Table 1).
Findings were generally similar with respect to demographics and comorbidity for the
revision TKA patients (Table 2).
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Hospitals that consistently submitted POA information to CMS (>75% of cases) did not
appear to differ in substantive ways from hospitals that did not submit POA information
(£25% of cases)(Table 3). In particular, hospitals TKA volume, teaching status, for-profit/
not-for-profit status, and poverty socioeconomic status of the patient population served
(DSH payments) did not appear to be associated with more consistent or less consistent
submission of valid POA codes to Medicare. We examined the characteristics of hospitals
that provided valid POA codes for all (i.e., 100%) of their cases with complications. We
found that the mean bed size of these hospitals was 89.9, 3.7% were major teaching
hospitals, 24.0% were for-profit (59.4% not-for-profit, 16.6% government owned), and
mean TKA volume was 70.6.

For primary TKA the coding of POA during the index admission was incomplete for
approximately 33% of complications (Table 4A). For primary TKA we found that 46.9% of
surgical site infections during the index admission were coded as POA, while not
surprisingly the percentage of PEs and surgical site bleeding that were POA were much
lower (6.4% and 9.4% respectively). Viewed from an alternative perspective, 57.8% of PEs,
52.6% of surgical site bleeding, and 19.1% of surgical site infections were coded as not
POA; these would like represent true in-hospital complications. Looking at primary TKA
complications identified during readmission within 90-days of surgery (Table 4B), our
findings suggest that a much higher percentage of complications were POA when compared
to complications identified on the index admission.

Looking at complications identified on the index admission for revision TKA (Table 5A),
our results looked somewhat different. In particular, we found that 23.1% of revision TKA
cases were coded as having infection and 68.8% of these infections were POA. Viewed from
a different perspective, only 2.0% of revision TKA surgical site infections identified at the
index hospital admission were definitively coded as not POA; this suggests that the vast
majority of revision TKA infections are POA and likely not “hospital acquired.”
Interestingly, approximately 17% of both PEs and surgical site bleeding episodes were
coded as POA for the index hospital admission which is somewhat higher than might be
envisioned based upon clinical experience (Table 5A). Results focusing on readmissions
after revision TKA found higher percentages of all three complications to be POA,
particularly for PE and bleeding (Table 5B).

Discussion

In an analysis of Medicare administrative data we explored early experience with POA
coding for select complications (PE, bleeding, infection) after primary and revision TKA.
We found a number of important findings. First, in contrast to our expectation, we found no
evidence that specific groups of hospitals (e.g., high volume TKA programs, major teaching
hospitals) were more likely to submit valid POA information; this is important since
submission of POA codes is likely to require investment of time and energy on behalf of
hospitals. Second, we found that during the first two-years after POA introduction
approximately 30%-50% of complications lacked valid POA codes suggesting that at an
individual patient-level, hospitals are missing opportunities to provide important information
to CMS that can help in accurately evaluating quality. Third, we found that the POA
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indicators appeared to add significant information particularly for surgical site infections for
both primary and revision TKA. In sum, this analysis provides important information about
how POA indicators are being used and opportunities for improvement.

Several of our findings warrant discussion. First, our finding that the use of POA codes did
not appear to vary across different groups of hospitals is important and reassuring. There has
long been concern that certain groups of hospitals including safety net hospitals or smaller
hospitals could be at a disadvantage when it comes to quality improvement or data
reporting.24:25 In particular, there have been concerns that hospital under greatest financial
pressure might lack the resources or staff expertise to improve quality or train staff in
reporting complex coding to Medicare. Our results provide a modicum of reassurance since
we found no evidence that any single group of hospitals was consistently better (or worse) at
reporting POA data.

Second, we found that many patients experiencing complications associated with TKA did
not have POA data coded during the early year after these codes were introduced. We found
that anywhere from 30%-45% of complications lacked useful POA data. POA coding
seemed to be missing more often for bleeding complications than for either PE or surgical
site infections which raises interesting questions about why POA coding seemed to vary
between the various types of complications. It is possible that missing POA codes might
reflect a lack of awareness of the importance and availability of POA codes among
physicians, administrators, or coders; it also seems possible that submission of new codes
could be delayed while electronic bill submission software is adapted and updated. As our
analysis focused on the first two years after POA introduction, it will be important to
examine whether submission of POA data increases over time. Irrespective of the underlying
cause for not coding, it would generally behoove hospitals to provide this information in
most cases. One potentially troubling possibility would be that hospitals would intentionally
omit reporting POA information to avoid having to report that a specific complication (e.g.,
PE) was not POA but instead a true surgical complication.

It is also important to discuss our project in the context of prior studies evaluating POA
indicators in administrative data. A number of prior studies have examined the potential
impact of POA coding on hospital complication rates.12:26-30 |n an important study Glance
et al. used administrative data from California to examine the impact of POA coding for 13
common diagnoses. The investigators found that POA coding could significantly alter a
given hospital’s quality ranking, but they did not specifically evaluate variation in POA
coding across hospitals or for specific complications (e.g., PE, infection). Khanna and White
performed an important analysis comparing the agreement between POA coding for venous
thromboembolism (VTE) in hospital administrative (billing) data with the gold standard of
clinical chart review in a sample of hospitalized medical patients.2” The investigators found
that the predictive value of a POA code of “POA=N0" was ~75% and concluded that
addition of POA codes measurably improved the accuracy of administrative data for
identification of VTE. Our work builds on prior studies by specifically evaluating POA
coding as it relates to complications after TKA. Our results are timely and important given
the high likelihood that CMS will soon implement public reporting of hospital outcomes for
TJA and suggest that POA indicators could significantly improve the accuracy of such data.*
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Third, while surgical site infections during the index hospitalization for primary TKA were
rare (occurring in 0.1% of primary TKA cases) we found that 46.9% of the surgical site
infections that did occur during the index admission for primary TKA were POA; this means
that nearly 50% of primary TKA infections identified during the index hospital stay might
not be actual surgical complications, but constitute patients with septic arthritis at the time of
admission. This finding has important information for both researchers and government
agencies who use Medicare data to evaluate hospital complication rates surrounding specific
diagnoses or procedures. In contrast, we found that very few PEs and surgical site bleeds
were POA at the time of the index admission. It is also important to note that when looking
at primary TKA readmissions within 90-days of surgery we found that nearly 66% of PEs
and surgical site infections were coded as POA which makes intuitive sense from a clinical
standpoint (with an additional ~30% lacking completed POA codes).

Focusing instead on revision TKA, our analysis provides a number of important pieces of
information. We found that approximately 20%-25% of revision TKA procedures appeared
to have a site infection POA. Viewed from an alternative perspective, only 2% of revision
TKA patients with infection on the index admission were reported definitely not to have
infection POA (POA= No), again providing useful information to researchers, surgeons, and
policy makers interested in evaluating arthroplasty quality. Our results also provide useful
information related to PE and surgical site bleeding; for example, for revision TKA 52% of
PEs occurring during the index hospital stay and 38% of the surgical site bleeds were clearly
coded as not present-on-admission (POA) suggesting that these were clear cases of in-
hospital complications.

Our study has a number of limitations that warrant brief mention. First, our study was
limited to fee-for-service Medicare beneficiaries and thus extrapolation to other populations
should be done with caution. Second, we evaluated POA coding reported in Medicare
administrative data. We did not have access to patient medical records and thus are unable to
validate the accuracy of these codes; while POA codes have been validated in other
circumstances and found to agree approximately 75% of the time with data found in the
medical record,2”:30 validation of Medicare POA codes specific to the complications most
common in total joint arthroplasty will be critical.

In conclusion, POa data appear to add important information that enhances our
understanding of surgical outcomes and quality. Researchers and policy makers seeking to
evaluate TKA outcomes should take advantage of POA data to optimize the accuracy of
statistical models and hospital performance reports. Surgeons and hospitals should make
efforts to submit complete POA information to insure that data and resulting performance
reports are accurate.
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Appendix A: Primary TKA patient cohort creation flow chart

843,153 primary TKA procedures were identified
on patients who were 65 years of age and older
and underwent 1 primary TKA during their short-
stay index admission in 2007, 2008 and 2009

Excludes

117,434

admission: 275,651

1.  HMO (Medicare Advantage) participants:

2. Emergency department admissions: 2,993

3. Transferred-in patients: 374

4. Patients from year 2007 and patients from
year 2008 and 2009 who had a primary TKA
within 365 days before their index

5. Patients age 65 at time of TKA: 20,150

A

426,551 index admissions in 2008 and 2009

the index admission.

Excludes

945, 946, 949, 950

admission hospital

90-day readmission — the first hospitalization occurred
within 90-day of the primary TKA procedural date of

1. Admissions with rehab or aftercare DRG

2. Same day transferred-out of the index

A 4

426,551 primary TKA index admissions,
39,540 (9.3%) 90-day readmissions
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Appendix B: Revision TKA patient cohort creation flow chart

80,035 revision TKA procedures were identified

on patients who were 65 years of age and older
and underwent 1 primary TKA during their short-
stay index admission in 2007, 2008 and 2009

Exclu

1.

2.

des

11,717

admission: 30,372

HMO (Medicare Advantage) participants:

Patients from year 2007 and patients from
year 2008 and 2009 who had a revision TKA |
within 365 days before their index

Patients age 65 at time of TKA: 1,838

A

36,108 index admissions in 2008 and 2009

1.

2.

90-day readmission — the first hospitalization occurred
within 90-day of the primary TKA procedural date of
the index admission.

Excludes

945, 946, 949, 950

admission hospital

Admissions with rehab or aftercare DRG

Same day transferred-out of the index

Appendix C: ICD-9-CM codes used to identify pulmonary embolism,

A 4

36,108 revision TKA admissions,
8,916(24.7%) 90-day readmissions

surgical site bleeding and surgical site infection

1CD-9-CM codes

Pulmonary Embolism

Any diagnoses = (4151, 41511, 41519)

Hemorrhage/Hematoma | Any diagnoses = (99812, 99811)
Infection Any diagnoses = (71100, 71105, 71106, 71160, 71165, 71166,
71190, 71195, 71196, 7300, 73000, 73005, 73006, 7301, 73010,
73015, 73016, 73020, 73025, 73026, 73090, 73095, 73096,
99660, 99666, 99667)
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Table 1
Characteristics of Primary TKA patients
All Patients No Complication | In-hospital 90-day Readmission | p_yalue*
(N =426551) | (N =415184) Complication | Complication
(N =6202) (N = 5165)
Age, mean (SD) 745 (6.0) 74.5 (6.0) 74.9 (6.0) 75.1 (6.1) <0.0001
Sex, women (%) 274601 (64.4) | 267708(64.5) 3840 (61.9) 3053 (59.1) 0.0001
Race, number (%)
White 388113 (91.0) | 378027 (91.1) 5493 (88.6) 4593 (88.9) <0.0001
Black 22471 (5.3) 21678 (5.2) 428 (6.9) 365 (7.1) <0.0001
Other 14818 (3.5) 14355 (3.5) 264 (4.3) 199 (3.9) 0.0010
Missing 1149 (0.3) 1124 (0.3) 17 (0.3) 8(0.2) 0.2790
Comorbidity, number
(%)
Diabetes 91400 (21.4) | 89003 (21.4) 1245 (20.1) 1152 (22.3) 0.0104
CHF 16322 (3.8) 15643 (3.8) 379 (6.1) 300 (5.8) <0.0001
Obesity 47686 (11.2) | 46445 (11.2) 565 (9.1) 676 (13.1) <0.0001
Renal failure 16509 (3.9) 16030 (3.9) 242 (3.9) 237 (4.6) 0.0263
Number of comorbid | 2.1 (1.4) 2.1(1.4) 2.6(1.4) 2.3(15) <0.0001

conditions, mean (SD)

*
P-values compare differences among no-complication, in-hospital complication, and 90-day readmission complication groups
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*
Patients who died in-hospital would not contribute to the 90-day readmission complication group numerator or denominator (575 patients died in-

hospital)

*
Patients who experienced both an in-hospital and readmission complication were counted only in the in-hospital complication group.
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Table 2
Characteristics of Revision TKA patients
All Patients | No Complication | In-hospital 90-day Readmission | p_yajue®
(N =36108) | (N =26276) Complication | Complication
(N = 8955) (N=877)
Age, mean (SD) 75.3 (6.4) 75.3 (6.4) 755 (6.5) 75.6 (6.6) 0.0118
Sex, women (%) 21644 (59.9) | 16565 (63.0) 4605 (51.4) 474 (54.1) <0.0001
Race, number (%)
White 32334 (89.6) | 23524 (89.5) 8030 (89.7) 780 (88.9) 0.7774
Black 2650 (7.3) 1976 (7.5) 602 (6.7) 72(8.2) 0.0266
Other 1022 (2.8) 699 (2.7) 301 (3.4) 22 (2.5) 0.0022
Missing 102 (0.3) 77(0.3) 22(0.3) 3(0.3) 0.7242
Comorbidity, number
(%)
Diabetes 8434 (23.4) | 6018 (22.9) 2199 (24.6) 217 (24.7) 0.0038
CHF 2492 (6.9) 1455 (5.5) 970 (10.8) 67 (7.6) <0.0001
Obesity 3677 (10.2) | 2784 (10.6) 795 (8.9) 98 (11.2) <0.0001
Renal failure 1791 (5.0) 1122 (4.3) 624 (7.0) 45 (5.1) <0.0001
Number of comorbid | 2.2 (1.4) 22(1.4) 24(1.4) 23 (1.4) <0.0001

conditions, mean (SD)

*
P-values compare differences among no-complication, in-hospital complication, and 90-day readmission complication groups
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*
Patients who died in-hospital would not contribute to the 90-day readmission complication group numerator or denominator (172 patients died in-

hospital)

*
Patients who experienced both an in-hospital and readmission complication were counted only in the in-hospital complication group.
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Table 3

Characteristics of hospitals stratified by their use of POA indicator

All TKA Hospitals | Hospitals with Hospitals with Valid POA | Hospitals with Valid P-value**
(N =2617) Valid POA Indicator for 26%-75% of | POA Indicator for >
Indicator for < TKA Cases with 75% TKA Cases with
25% TKA Cases Complications (N = 1254) Complications (N =
with 654)
Complications (N
=709)
TKA Volume, 175.6 (200.2) 122.9 (136.5) 252.5 (215.8) 80.1 (163.7) <0.0001
mean (SD)
Complication 9.0 (10.3) 5.6 (6.5) 14.0 (11.4) 3.1(5.9) <0.0001
Volume, mean
(SD)
Beds, mean (SD) | 137.7 (114.3) 109.6 (87.9) 174.2 (129.9) 91.0 (70.3) <0.0001
Teaching Status,
number (%)
Major 252 (9.6) 52 (7.3) 174 (13.9) 26 (4.0) <0.0001
Minor 440 (16.8) 84 (11.9) 285 (22.7) 71 (10.9)
Non-Teaching | 1925 (73.6) 573 (80.8) 795 (63.4) 557 (85.2)
Geographic
Region, number
(%)
Midwest 639 (25.1) 161 (23.4) 337 (27.1) 141 (22.8) 0.0002
Northeast 427 (16.7) 105 (15.3) 203 (16.3) 119 (19.2)
South 997 (39.1) 312 (45.4) 468 (37.6) 217 (35.1)
West 488 (19.1) 109 (15.9) 237 (19.0) 142 (22.9)
Governance,
number (%)
For profit 500 (19.1) 153 (21.6) 191 (15.2) 156 (23.9) <0.0001
Government, 378 (14.4) 122 (17.2) 148 (11.8) 108 (16.5)
non-federal
Not for profit 1739 (66.5) 434 (61.2) 915 (73.0) 390 (59.6)
DSH Status (%)
High DSH 1097 (41.9) 310 (43.7) 518 (41.3) 269 (41.1) 0.1971
Low DSH 970 (37.1) 237 (33.4) 485 (38.7) 248 (37.9)
Zero DSH 550 (21.0) 162 (22.9) 251 (20.0) 137 (21.0)
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Table 4A
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Coding of Present-on-Admission (POA) indicator for primary TKA complications during index admission

Total Patients at the Index Admission (N = 426551)

A B C D E
Number of POA=Yes | POA=No POA= Other | POA=Missing
patients
experiencing
complication
PE, number (%) 2252 (0.5) 144 (6.4) 1302 (57.8) | 7(0.3) 799 (35.5)
Hemorrhage/Hematoma, | 3787 (0.9) 356 (9.4) 1993 (52.6) | 9(0.2) 1429 (37.7)
number (%)
Infection, number (%) 241 (0.1) 113 (46.9) | 46 (19.1) 0 82 (34.0)
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Coding of Present-on-Admission (POA) indicator for primary TKA complications at readmission

Table 4B

Total Patients eligible for 90-day Readmission (N = 425976)

A B C D E
Number of POA=Yes | POA=No | POA=Other | POA=Missing
patients
experiencing
complication
PE, number (%) 1848 (00.4) 1183 (64.0) | 55 (3.0) 3(0.2) 607 (32.9)
Hemorrhage/Hematoma, | 1630 (00.4) 715 (43.9) 126 (7.7) 0 789 (48.4)
number (%)
Infection, number (%) 2163 (00.5) 1442 (66.7) | 19 (0.9) 3(0.1) 699 (32.3)

Note:

]The denominator used to calculate percentage in column A was N

ZI'he denominator used to calculate percentage in column B, C, D and E was the number found in column A in the same row.

3The difference in the number of patients (“N”) between Table 4A and 4B reflect in-487 hospital deaths (575) that occurred during index

admission.
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Table 5A
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Coding of Present-on-Admission (POA) indicator for revision TKA complications during index admission

Total Patients at the Index Admission (N = 36108)

A B C D E
Number of POA=Yes | POA=No | POA=Other | POA=Missing
patients
experiencing
complication
PE, number (%) 163 (0.5) 28 (17.2) 85 (52.2) 0 50 (30.7)
Hemorrhage/Hematoma, | 764 (2.1) 136 (17.8) 289(37.8) | O 339 (44.4)
number (%)
Infection, number (%) 8377 (23.2) 5763 165 (2.0) 4(0.1) 2445 (29.2)
(68.8)
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Table 5B
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Coding of Present-on-Admission (POA) indicator for revision TKA complications during 90-day readmission

Total Patients eligible for 90-day Readmission (N = 35936)

A B C D E
Number of POA=Yes | POA=No | POA= | POA=Missing
patients Other
experiencing
complication
PE, number (%) 157 (00.4) 102 (65.0) | 11(7.0) 0 44 (28.0)
Hemorrhage/Hematoma, | 397 (11.1) 150 (37.8) 65 (16.4) 0 182 (45.8)
number (%)
Infection, number (%) 2592 (77.2) 1760 26 (1.0) 2(0.1) | 804 (31.0)
(67.9)

Note:

Lrhe denominator used to calculate percentage in column A was N

Zrhe denominator used to calculate percentage in column B, C, D and E was the number found in column A in the same row.

The difference in the number of patients (“N”) between Table 4A and 4B reflect in-502 hospital deaths (172) that occurred during index

admission.
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