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A B S T R A C T

Retrospective review of the National Inpatient Sample was performed. LOS and IHM were assessed among TJA
patients and assessed by comorbidity status.

LOS among TJA patients decreased from 4.31 to 5.87 days to 2.83–4.49 days. Relative risk for prolonged LOS
among high comorbidity patients ranged from 3.01–5.62. IHM per 1,000 was 5.1 for revision THA, 1.8 for
revision TKA, 1.1 for primary THA, and 0.4 for primary TKA. Relative risk for IHM in high comorbidity patients
ranged from 443.9–780.9 (p < 0.0001). LOS and IHM decreased significantly across all TJA procedures. LOS
and IHM among the highest comorbidity groups are unacceptably high.

1. Introduction

Total joint arthroplasty (TJA) procedures have increased in volume
continuously over the past several decades.1–6 Previous studies have
projected future volume of primary and revision TJA procedures.7,8

However, there has been little discussion of the marked recent changes
in length of stay (LOS), index hospitalization mortality and comorbidity
prevalence among the primary and revision TJA population since 2000.

Over the past 20 years, the literature has reported on clinical in-
terventions to reduce LOS following TJA, which include improved
perioperative pain management using multi-modal therapies,9–12 and
dedicated clinical pathways focused specifically on the post-operative
arthroplasty patient.13–16 Recent changes in TJA reimbursement stra-
tegies to contain costs, such as bundled payments, demonstrate that
pre-discharge costs comprise the majority of expense of care within 30
days of the index procedure.17 Furthermore, previous studies have de-
monstrated that reimbursements that financially incentivize shorter
LOS will lead to rapid decreases in LOS.18 Therefore, we expect these
recent changes in reimbursement to lead to a decrease in LOS from
2000 to 2014.

Additionally, this study aims to quantify recent changes to safety
related to TJA procedures. One study looked at index hospitalization
mortality following primary TJA, which has demonstrated declines in
recent decades.19 An earlier study assessed improvement in index
hospitalization mortality following implementation of new anesthesia
care techniques.20 Cardiac and pulmonary disease history has been
associated with 30-day mortality following primary TJA.21 We expect

to see similar trends with improved index hospitalization mortality
following both primary and revision TJA procedures from 2000 to
2014, in light of modern improvements in anesthesia care and pre-op-
erative screening methods.

Finally, this study aims to address overall changes in the health
characteristics of the TJA population. Previous studies have noted in-
creasing prevalence of comorbidity among TJA patients.22 Others have
identified that comorbidities, such as obesity and diabetes, portend
increased risk of post-operative infection rates and other perioperative
complications.23 We expect to identify increasing prevalence of co-
morbidity among the TJA population from 2000 to 2014, in line with
recent trends.

2. Methods

A retrospective review using discharge data from the National
Inpatient Sample and the Nationwide Inpatient Sample (NIS),
Healthcare Cost and Utilization Project (HCUP), Agency for Healthcare
Research and Quality from 2000 to 2014 was performed.24 This study
was given exempt status by the local Institutional Review Board. This
database contains 116 million patient records and is a representative
sample of discharges among hospitals in the United States. Procedures
were identified by International Classification of Diseases, Ninth Revi-
sion (ICD-9) codes corresponding to primary total hip arthroplasty
(THA; 81.51), primary total knee arthroplasty (TKA; 81.54), revision
THA (81.53, 00.70, 00.71, 00.72, 00.73), and revision TKA (81.55,
00.80, 00.81, 00.82, 00.83, 00.84). Procedure volume during the study
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period was evaluated using the appropriate weighting characteristics.
Patient population characteristics were evaluated according to dis-
charge variables included in the NIS database corresponding to LOS,
index hospitalization mortality, and a comorbidity index score. Co-
morbidity index was divided into four categories as defined by the 3M
All Patient Refined Diagnosis Related Group (APR-DRG) Risk of Mor-
tality subgroups.25 These groups are classified as minor, moderate,
major, and extreme likelihood of dying and based on a proprietary al-
gorithm using ICD-9 diagnosis codes. Data for APR-DRGs is available
for most patients starting in 2002, and for all patients starting in 2006.

Mean continuous variables were compared between 2000 and 2014
using t-test, and proportions were compared by Chi-square test. Linear
regression was performed to assess trends in LOS, mortality, and co-
morbidity prevalence over time. Z-score and relative risk for LOS and
mortality by comorbidity subgroup were performed with comparison to
“Minor Comorbidity” set as baseline risk. Stata Statistical Software
(College Station, TX) was used for all statistical analyses.26

3. Results

3.1. Procedural volume

From 2000 to 2014, TJA procedure volume increased among all
categories. Primary THA increased from 160,282 to 371,605 proce-
dures per year. Primary TKA increased from 274,467 to 680,886 pro-
cedures per year. Revision THA increased from 34,493 to 50,425 pro-
cedures per year. Revision TKA increased from 24,763 to 63,205
procedures per year. During this same time period, TJA population
patient characteristics changed markedly. LOS decreased significantly
from 2000 to 2014 across all TJA procedures (Fig. 1).

3.2. Length of stay

Primary THA procedure LOS decreased from 4.59 d to 2.83 d (38%
decrease, p < 0.01), primary TKA LOS decreased from 4.31 d to 2.84 d
(34% decrease, p < 0.01), revision THA LOS decreased from 5.87 d to
4.49 d (24% decrease, p < 0.01), and revision TKA LOS decreased
from 4.79 d to 3.80 d (21% decrease, p < 0.01). Regression models for
all TJA procedure demonstrated a trend of 0.12 d to 0.80 d per year
decreases in LOS (p < 0.01, R-square> 0.90).

3.3. Index hospitalization mortality

Index hospitalization mortality among all TJA procedures demon-
strated a statistically significant 60–70% decrease from 2000 to 2014.
Primary THA index hospitalization mortality per 1,000 decreased from
3.5 in 2000 to 1.1 in 2014 (−69%, p < 0.01). Primary TKA index

hospitalization mortality decreased from 1.7 in 2000 to 0.43 in 2014
(−75%, p < 0.01). Revision THA index hospitalization mortality de-
creased from 8.8 in 2000 to 5.1 in 2014 (−42%, p < 0.01). Revision
TKA index hospitalization mortality decreased from 2.3 in 2000 to 1.8
in 2014 (−22%, p < 0.01).

3.4. Comorbidity subgroup

Primary and revision TJA procedures differ significantly by co-
morbidity index (p < 0.01). As of 2014, revision THA patients de-
monstrate the highest proportion of major comorbidity (52%), followed
by revision total knee (13%), primary THA (6%), and primary TKA
(5%). The THA population demonstrated higher levels of comorbidity
compared with the TKA population. Changes in comorbidity subgroup
proportions are demonstrated in Fig. 2.

3.5. Comorbidity-stratified length of stay and index hospitalization
mortality

LOS and index hospitalization mortality were stratified by co-
morbidity subgroup. (Fig. 3) LOS increased across comorbidity sub-
groups in all years. By 2014, LOS ranged 2.55 d to 3.47 d among TJA
patients in the minor comorbidity subgroup. Among patients in the
extreme comorbidity subgroup, LOS ranged 9.11 d–13.99 d. Revision
procedures demonstrated longer LOS compared with primary proce-
dures, and THA procedures demonstrated longer LOS compared with
TKA procedures.

Relative risk of prolonged LOS (≥5 days) for extreme comorbidity
in comparison to minor comorbidity subgroups ranged from 3.01 to
5.62 (95% CI 2.96–5.70, p < 0.0001) for primary and revision TJA
procedures. (Table 1) The relative risk of extremely prolonged LOS
(≥10 days) for the extreme comorbidity subgroup ranged from 6.36 to
8.61 (95% CI 6.12–9.02, p < 0.0001).

Mortality per 1,000 procedures increased across comorbidity sub-
groups in all years (p < 0.01). (Fig. 3) By 2014, index hospitalization
mortality per 1,000 procedures was near 0 for all primary and revision
TJA procedures among patients with minor comorbidity. With in-
creasing comorbidity subgroup, index hospitalization mortality per
1,000 procedures increased. Revision THA demonstrated the highest
mortality rate in all subgroups. THA procedures demonstrated higher
mortality than TKA procedures, and revision procedures demonstrated
higher mortality than primary procedures. Index hospitalization mor-
tality for revision THA among patients in the extreme comorbidity
subgroup was 160.9 per 1,000 procedures in 2014.

Relative risk of index hospitalization mortality for extreme co-
morbidity compared with minor comorbidity subgroup ranged from
443.85 to 780.85 (95% CI 301.26–961.63, p < 0.0001) among TJA

Fig. 1. Length of stay (LOS) following primary and revision TJA procedures in the United States, 2000–2014.
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procedures. (Table 1) Relative risk for moderate and major comorbidity
subgroups was also significantly elevated in comparison to the minor
comorbidity subgroup.

4. Discussion

As anticipated, LOS has continued to decrease significantly across
all TJA procedures. This has likely been prompted by recent changes in
post-operative care and reimbursement models. Medicare provides

payment for the majority of TJA patients. The Medicare repayment
structure is based on historic averages of LOS, which has steadily de-
creased over recent years, as noted in this study and others. Medicare
incentivizes early discharge by decreasing reimbursement for each
hospital day.27

For 2014, the hospital reimbursements from Medicare in one health
system database were $7406 for Day 1 (to incorporate cost of implant),
$3703 for Day 2, and $370 for Day 327 For most hospitals, this equates
to a net loss of funds for any patient staying 3 days or longer.

Fig. 2. Comorbidity distribution among primary and revision TJA patients in the United States, 2006–2014.
*Indicates linear regression p-trend< 0.05.

Fig. 3. Length of stay and index hospitalization mortality stratified by comorbidity subgroup among primary and revision TJA patients in the United States,
2006–2014.
*Denotes t-test p-value<0.05 comparing extreme comorbidity subgroup compared with all other subgroups. All p-values recorded< 0.01.
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Coordination between pre-operative evaluation, anesthesia, pain pro-
tocols, physical therapy, and multidisciplinary discharge pathways has
facilitated this continued advance toward shorter LOS.

Kirksey et al. noted decreased mortality among primary TJA pa-
tients from 1998–200819 While LOS has decreased, index hospitaliza-
tion mortality has concurrently dropped significantly for all TJA pro-
cedures. However, the revision THA population has four times greater
rates of comorbidity and nearly three times greater incidence of index
hospitalization mortality than revision TKA, 4.5 times greater risk than
primary THA, and 13 times greater risk than primary TKA.

Patients with more severe comorbidities require significantly longer
LOS than the average TJA patient. Based on the reimbursement sche-
dule above, the average patient in the Major or Extreme comorbidity
subgroups for primary and revision TJA procedures will exceed the
point at which admissions are financially advantageous by several days.
Even revision TJA patients in the Moderate comorbidity subgroup ex-
ceed the average reimbursed LOS.

Most remarkable is the extent to which risk for extremely prolonged
LOS and index hospitalization mortality is increased with comorbidity
subgroup, even among primary TJA procedures. Given the un-
acceptably high rate of mortality demonstrated in extreme and major
comorbidity subgroups, surgeons should take caution when operating
on patients in these groups and provide adequate informed consent pre-
operatively. Future research may focus on specific modifiable risk fac-
tors that could optimize the patient to move them to lower comorbidity
category with a more acceptable risk profile.

Our model is based on data derived from the HCUP NIS databases
and the United States Census Bureau population projections. These
databases have been previously used by others2,4,5,8,19,28 to estimate
TJA procedure volume. The HCUP NIS is the largest resource available
for estimating annual national surgical procedure volumes. The main
limitation is due to the shortcomings inherent with using a large ad-
ministrative database extracted from discharge data. Namely, the ac-
curacy of the data is dependent upon the codes entered into the billing
claims data in the discharge record. Certain diagnoses may be over-
looked, particularly if they are without value for reimbursement, and
individual records are unable to be reviewed to confirm accuracy.
Further, specific variables, such as body mass index, estimated blood
loss during procedures, ASA classification, or other variables that may
assist with current and future analyses are unavailable. However, for

the purpose of this study, the HCUP NIS is the best available database
for evaluating national trends in surgical procedure volumes.

Future research may evaluate clinical postoperative outcomes aside
from mortality, such as patient satisfaction and function scores. These
outcomes are not available in our current database.
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