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B ARTHROPLASTY

Estimating incidence rates of periprosthetic
joint infection after hip and knee arthroplasty
for osteoarthritis using linked registry and
administrative health data

Aims

The aim of this study was to estimate the 90-day periprosthetic joint infection (PJI) rates
following total knee arthroplasty (TKA) and total hip arthroplasty (THA) for

osteoarthritis (OA).

Methods

This was a data linkage study using the New South Wales (NSW) Admitted Patient Data
Collection (APDC) and the Australian Orthopaedic Association National Joint Replacement
Registry (AOANJRR), which collect data from all public and private hospitals in NSW,
Australia. Patients who underwent a TKA or THA for OA between 1 January 2002 and 31
December 2017 were included. The main outcome measures were 90-day incidence rates
of hospital readmission for: revision arthroplasty for PJI as recorded in the AOANJRR;
conservative definition of PJI, defined by T84.5, the PJI diagnosis code in the APDC; and
extended definition of PJI, defined by the presence of either T84.5, or combinations of diag-
nosis and procedure code groups derived from recursive binary partitioning in the APDC.

Results

The mean 90-day revision rate for infection was 0.1% (0.1% to 0.2%) for TKA and 0.3%
(0.1% to 0.5%) for THA. The mean 90-day PJI rates defined by T84.5 were 1.3% (1.1%

to 1.7%) for TKA and 1.1% (0.8% to 1.3%) for THA. The mean 90-day PJI rates using the
extended definition were 1.9% (1.5% to 2.2%) and 1.5% (1.3% to 1.7%) following TKA and

THA, respectively.

Conclusion

When reporting the revision arthroplasty for infection, the AOANJRR substantially under-
estimates the rate of PJI at 90 days. Using combinations of infection codes and PJl-related
surgical procedure codes in linked hospital administrative databases could be an

alternative way to monitor PJI rates.

Cite this article: Bone Joint J 2022;104-B(9):1060-1066.

Introduction

Total knee arthroplasty (TKA) and total hip
arthroplasty (THA) are effective treatments for
late-stage osteoarthritis (OA), and have the poten-
tial to substantially increase patient quality of life
after the surgery.! The rising demand for TKA and
THA to treat OA is expected to continue in the
next decade due to increasing levels of obesity,
an ageing population, and growth in sports-
related injuries.>®> However, the success of both

interventions can be undermined by the increasing
incidence of periprosthetic joint infection (PJI),*
which is one of the most devastating and costly
complications following arthroplasty surgery.
The infection can leave patients in a worse
condition than their preoperative state.’ Aside
from the health impact, PJI often leads to read-
missions to hospital and in some cases revision
surgeries, which add to the significant economic
burden of PJL.%#
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Fig. 1

Annual 90-day hospital readmission rate for periprosthetic joint infection (PJI) following primary total knee arthroplasty for osteoarthritis.

Despite the clinical and health economic significance of
PJI, the exact incidence rate is unknown. Arthroplasty regis-
tries have been used to estimate the incidence rate of PJI, but
these registries only report a revision if a component of the
implant was removed or added. Relying on revision for infec-
tion reported in an arthroplasty registry is likely to under-
estimate the true incidence rate of PJI, because not all PJIs
require revision arthroplasty, and the first treatment option
for many PJIs is non-surgical antibiotic treatment, surgical
debridement, and irrigation.” Routinely collected adminis-
trative databases capturing hospital diagnosis and procedure
codes are a potential data source for identifying PJIs that did
not undergo revision surgery.'® While such databases could
serve as valuable sources of information to study the inci-
dence rate of PJI, there is no consensus on what codes should
be used to identify PJIs following TKA and THA. Recent
international studies combining a PJI diagnosis code with
a relevant surgical procedure code have shown promising
accuracy in the detection of PJIs from administrative data-
bases when referencing to standard medical chart review.!"!?
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In Australia, the occurrence of PJI after TKA and THA was
previously reported to be 1.7% over two years using admin-
istrative admission data from four hospitals.”* However,
incidence rates of PJI identified in state-wide administra-
tive databases, using different combinations of diagnosis
and procedure codes, have not been compared against
reference cases of known revision arthroplasty performed
for PJI in linked arthroplasty registry data. Estimating
the rate of PJI using different strategies will help facilitate
future studies to identify risk factors for PJI using linked
administrative databases.

This study aimed to develop coding algorithms which
combine diagnosis codes according to the International Clas-
sification of Disease, 10" revision, Australian Modification
(ICD-10-AM) with Australian Classification of Health Inter-
vention (ACHI) procedure codes to identify 90-day hospital
readmissions for PJI,'* and compare the resulting incidence
rate with the rate identified by the PJI diagnosis code (T84.5)
only and the rate of revision arthroplasty for infection as
determined by a national arthroplasty registry.
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Fig. 2

Annual 90-day hospital readmission rate for periprosthetic joint infection (PJI) following primary total hip arthroplasty for osteoarthritis.

Methods

We used records from the New South Wales (NSW) Admitted
Patient Data Collection (APDC) and the Australian Orthopaedic
Association National Joint Replacement Registry (AOANJRR),
linked probabilistically by the Centre for Health Record
Linkage with rates of false positive and false negative links esti-
mated at 0.5%." The APDC data collection records all admitted
patient services provided by public and private hospitals in
NSW, Australia. The AOANJRR records details of all primary
and revision knee and hip arthroplasties performed in Australia.
We included patients who underwent a TKA or a THA with a
primary diagnosis of OA in NSW, Australia between 1 January
2002 and 31 December 2017.

Data linkage procedure for index arthroplasty. Primary TKA
and THA procedures were identified from the AOANJRR.
Procedure records were restricted to those with a primary diag-
nosis of OA and those performed in a hospital in NSW. These
records were subsequently matched to the hospital admissions
for the primary procedure recorded in the APDC. Records

Follow us @BoneJoint]

were retained in the study if they demonstrated good match-
ing quality, which was defined by the following criteria: the
surgical operation date recorded in the AOANJRR fell with-
in the date range of the closest matched hospital stay record-
ed in the APDC; or the matched hospital stay had a procedure
code of TKA or THA that corresponded to the same joint and
procedure type information recorded in the AOANJRR. The
ACHI procedure codes used for TKA and THA are listed in
Supplementary Table i.

Definitions of readmission for PJI. The primary and secondary
diagnosis and procedure codes of all hospital admissions within
90 days of the initial admission for the primary TKA or THA
were examined for any codes indicating a PJI. The 90-day peri-
od was suggested as the minimum follow-up period to track sur-
gical site infection rates for TKA and THA from linked admin-
istrative data.'®!” Given that there is no gold-standard definition
for PJI, we estimated the incidence of 90-day readmission for
PJI using three levels of definitions: revision arthroplasty for
PJI, as recorded by the AOANJRR; conservative definition of

THE BONE & JOINT JOURNAL
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T84.5 OR ((non-specific infection codes OR staphylo-/strepto- T84.5 OR ((staphylo-/strepto-/entero-coccal codes OR sepsis
/entero-coccal codes OR other bacteria codes) AND codes) AND (revision codes OR arthrotomy codes OR
(revision codes OR arthrotomy codes OR PICC codes PICC codes or debridement codes))
or debridement codes))

T84.5 102 T84.5 239

Revision codes Revision codes 113
Staphylo-/strepto-/ Staphylo-/strepto-/
enterococcal codes | enterococcal codes |
Debridement
PICC codes codes
Arthrotomy codes - Arthrotomy codes -
Other bacteria
codes PICC codes -
Debridement .
codes | Sepsis +
T T T T T T T T T T T
0 25 50 75 100 0 50 100 150 200 250
Importance score Importance score
a b
Fig. 3

Extended definition of periprosthetic joint infection and importance score of code groups identified from binary recursive partitioning for a) total
knee arthroplasty and b) total hip arthroplasty. PICC, peripherally inserted central catheter.

PJI, as defined by the presence of T84.5 as a primary or second-
ary diagnosis in the APDC irrespective of the presence of an
associated surgical procedure code; and extended definition of
PJI, as defined by either T84.5 being recorded as a primary or
secondary diagnosis in the APDC, or one or more readmissions
in the APDC identified by a combination of diagnosis and pro-
cedure code groups determined via expert review and machine
learning algorithms, as described below.

Developing algorithms for the extended definition of PJI.
Algorithms for detecting 90-day readmissions for PJI in this
study were developed in two steps. First, we conducted an
expert review process with three experienced orthopaedic sur-
geons (IH, RS, SEG) who specialize in hip or knee arthroplas-
ty to select a list of potential ICD-10-AM diagnosis codes and
ACHI procedure codes that could indicate a joint infection. The
presence of each selected code group was flagged in hospital
admission data within 90 days of the index arthroplasty. Then,
binary recursive partitioning was applied to the TKA and THA
data separately to derive code groups that were predictive of
PJIs. Binary recursive partitioning, also known as classification
and regression tree, is a non-parametric method used to predict
dichotomous outcome. The method creates a decision tree by
repeatedly dividing the sample into subgroups, with each sub-
division being formed by separating the sample on the value
of one of the predictor variables.!® All diagnosis and procedure
code groups identified in the expert review were used as predic-
tor variables with the reference outcome being a revision arthro-
plasty for infection confirmed by the records in the AOANJRR,
which had been used internationally to estimate infection bur-
den in total joint replacement.” Multiple decision trees were
created with ten-fold cross-validation and hyperparameter tun-
ing. Because it is impractical to verify a PJI that was not treated
with revision arthroplasty in this large-scale linkage study, the
best decision tree was selected based on the highest positive
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predictive value (PPV), which is the proportion of true positive
(i.e. revision for infection) in the total number of test positives
(i.e. model-predicted revision for infection). The code groups
included in the best decision tree were subsequently used in the
extended definition of the 90-day readmission for PJI.
Statistical analysis. Statistical analyses were performed using
R (v. 4.0.4, R Foundation for Statistical Computing, Austria).
Binary recursive partitioning was performed using the R pack-
age ‘rpart’ (v. 4.1.15). Importance scores of the identified code
groups from the best decision tree were calculated based on the
reduction of Gini impurity index, which measured the sum of
probability of the reference outcome (i.e. revision arthroplasty
for infection) being wrongly classified by a code group when
randomly selected.” The incidence rates of 90-day readmission
for PJI following TKA and THA over the study period were cal-
culated for the three definitions mentioned earlier and compared
on a yearly basis. The 95% confidence intervals for incidence
rates were estimated using the Clopper-Pearson interval.

Results

Data on 301,326 primary total arthroplasty procedures (191,914
TKAs and 109,412 THAs) performed in 107 hospitals from 1
January 2002 to 31 December 2017 were included. Figures 1
and 2 compare the 90-day incidence rates of PJI across the three
definitions following primary TKA and THA, respectively.
Revision for infection. The mean 90-day revision for infec-
tion rate was 0.1% (0.1% to 0.2%) following primary TKA and
0.3% (0.1% to 0.5%) following primary THA. The revision for
infection rate after THA appeared to have increased in recent
years, while the rate after TKA remained stable over time.
Conservative definition of PJI. When hospital readmission for
PJI was defined by T84.5 diagnosis code alone, the mean 90-
day PJI rate was 1.3% (1.1% to 1.7%) after primary TKA and
1.1% (0.8% to 1.3%) after primary THA.
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Extended definition of PJI: binary recursive partitioning
algorithm. The binary recursive partitioning model identified
six code groups which were important to detect PJI following
TKA (non-specific postprocedural infection, strepto-/staphy-
lo-/enterococcus infection, other bacterial infection, periph-
erally inserted central catheter, debridement, and arthrotomy)
and five code groups for THA (strepto-/staphylo-/enterococ-
cus infection, sepsis, peripherally inserted central catheter,
debridement, and arthrotomy). Figure 3 shows the extended
definition of PJI for TKA and THA and the calculated variable
importance score of the identified code groups in detecting
revision for PJI.

Annual readmission rates for PJI. The mean annual readmis-
sion rates for PJI identified by the extended definition were
1.9% (1.5% to 2.2%) and 1.5% (1.3% to 1.7%) within 90 days
following TKA (Figure 1) and THA (Figure 2), respectively.
These rates were higher than the rates identified by the conserv-
ative definition of PJI using the diagnosis code T84.5 alone.

Discussion

To our knowledge, this is the first study to compare 90-day
incidence rates of PJI by refined use of hospital administra-
tive data linked to an arthroplasty registry in Australia. The
yearly 90-day hospital readmission rates for PJI ranged from
1.0% to 2.0% following TKA for OA, and from 0.8% to 1.7%
following THA for OA, depending on the coding definitions.
We found that revision arthroplasties for infection recorded in
the AOANJRR only made up a small proportion of the 90-day
hospital readmissions for PJI. At 90 days, the actual incidence
rate of PJI may be more than ten times higher than the revision
arthroplasty rate for infection after TKA, and more than four
times higher than that after THA.

The PJI rates estimated from the present study are close to
the findings from a previous study, which reported a PJI occur-
rence rate of 1.7% within two years following a TKA or THA
in four hospitals in Australia," using routinely collected admin-
istrative admission data. The subtle difference in the incidence
rates between the present study and the previous one could
be attributable to the different PJI definitions used, different
duration of follow-up, different patient characteristics in the
included hospitals, and the inclusion of reasons other than OA
for the primary arthroplasty, such as rheumatoid arthritis, which
is an independent risk factor for PJI.2"*? Nevertheless, our find-
ings of 90-day readmissions for PJI being higher after primary
TKA compared to THA are consistent with those that have been
previously reported.!3#24

A few international studies have previously reported the
underestimation of PJI rates using joint arthroplasty registry
data alone.*? The ‘true’ incidence rates of PJI were under-
estimated by approximately 40% in the Danish Arthroplasty
Register?® and 33% in the Swedish Hip Arthroplasty Register.”’
The New Zealand Joint Registry reported a sensitivity of only
63% when using revision arthroplasty rates for PJI as compared
to the audit of hospital records.”® A recent cross-validation
study also reported that the 90-day incidence of revision arthro-
plasty due to infection from the Dutch Arthroplasty Register
was 0.6% compared to the true PJI rate of 1% in a cohort of
nine hospitals.? Our results are in line with the findings of these
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studies, showing that the revision arthroplasty rate for infection
recorded in the AOANJRR significantly underestimated 90-day
readmissions for PJI.

The main strength of the present study rests on the refined
use of linked data between hospital administrative data and the
national arthroplasty registry to estimate the ‘true’ incidence
rates of PJI. The linked data created a state-wide cohort repre-
sentative of all primary TKA and THA procedures performed
for OA. In addition, we used an innovative machine-learning
method to develop an extended definition of PJI, which could
be used in future registry-based studies on PJI after arthroplasty
for OA. Intuitively, using combinations of infection diagnosis
codes and surgical procedure codes in the extended PJI defini-
tion should deliver an improvement in detection over a PJI code
alone. A definitive PJI diagnosis is usually not made at the time
of hospital admission and it requires subsequent laboratory tests
such as periprosthetic cultures. In contrast, surgical procedures
such as peripheral insertion of a central catheter, which facili-
tates extended administration of antibiotics, are unlikely to be
performed for reasons other than treatment for PJI.

We acknowledge there are limitations in the present study.
First, the use of routinely collected administrative data to detect
a PJI may underestimate or overestimate the incidence rates of
PJI due to variation in recording PJI across different hospitals.*
Because of the large scale of data in this study, it was not prac-
tical to validate the identified hospital admissions for PJI by
medical chart reviews or pathology reports. However, previous
international studies have reported results of promising accu-
racy in identifying PJI using administrative data. For example, a
Danish study using data from administrative discharge registers
was able to achieve a PPV of 86% in PJI detection after primary
hip arthroplasty when the detection algorithm combined T84.5
with an infection-related surgical procedure code.’! Similarly, a
recent Canadian study also demonstrated a sensitivity of 88%
when using the T84.5 alone and a sensitivity of 95% when
combing with a joint arthroplasty procedure code or a periph-
erally inserted central catheter code.'? Lastly, the extended defi-
nition of PJI was developed from decision trees which predict
infections leading to a revision arthroplasty, rather than PJIs in
general. As a result, the extended definition may still underesti-
mate the actual rate of PJIs.

Further cross-validation of the extended definition of PJIs is
required in the future to enable register-based studies on PJI
after joint arthroplasty. Ideally, the diagnosis of PJI should be
ascertained by clinical notes review, microbiological culture
and histology, according to the latest international guide-
lines.’>* Similar studies with data linkage between hospital
administrative data and the joint arthroplasty in other jurisdic-
tions in Australia will allow standardized comparison of 90-day
readmission rate for PJI across states.

Using revision arthroplasty for infection alone for monitoring
acute PJI following TKA and THA substantially underestimates
the incident rate of 90-day readmission for PJI. Using combi-
nations of infection diagnosis codes and PJI-related surgical
procedure codes in linked hospital administrative databases can
be an alternative way to monitor PJI rates.
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ESTIMATING INCIDENCE RATES OF PJI AFTER HIP AND KNEE ARTHROPLASTY FOR OSTEOARTHRITIS

A Take home message

') - Records of revision arthroplasty for infection from
arthroplasty registries underestimate the true incidence rate
of periprosthetic joint infection (PJI).

- National arthroplasty registry data linked to hospital administrative

data indicated that the 90-day hospital readmission rate for PJI could be

ten times and four times higher than the revision arthroplasty rate for
infection after total knee and total hip arthroplasty, respectively.

- Algorithms combining infection codes and PJl-related surgical
procedure codes in linked hospital administrative databases may

improve the detection of PJI.
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Follow X. Jin @XingzhongJ

Follow N. L. Pratt @nicolepratt_
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Follow University of New South Wales @UNSW

Supplementary material

Table of diagnostic and procedure codes used to
develop periprosthetic joint infection detection
algorithms.
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