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Abstract

Objective: To determine whether combinations of diagnosis and procedures codes can improve the detection of prosthetic hip and knee joint
infections from administrative databases.

Design: We performed a validation study of all readmissions from January 1, 2010, until December 31, 2016, following primary arthroplasty
comparing the diagnosis and procedure codes obtained from an administrative database based upon the International Classification of Disease,
Tenth Revision (ICD-10) to the reference standard of chart review.

Setting: Four tertiary-care hospitals in Toronto, Canada, from 2010 to 2016.

Participants: Individuals who had a primary arthroplasty were identified using procedure codes.

Intervention: Chart review of readmissions identified the presence of a prosthetic joint infection and, if present, the surgical procedure
performed.

Results: Overall, 27,802 primary arthroplasties were performed. Among 8,844 readmissions over amedian follow-up of 669 days (interquartile
range, 256–1,249 days), a PJI was responsible for or present in 586 of 8,844 (6.6%). Diagnosis codes alone exhibited a sensitivity of 0.88 (95% CI,
0.85–0.92) and positive predictive value (PPV) of 0.78 (95% CI, 0.74–0.82) for detecting a PJI. Combining a PJI diagnosis code with procedure
codes for an arthroplasty and the insertion of a peripherally inserted central catheter improved detection: sensitivity was 0.92 (95%CI, 0.88–0.94)
and PPV was 0.78 (95% CI, 0.74–0.82). However, procedure codes were unable to identify the specific surgical approach to PJI treatment.

Conclusions: Compared to PJI diagnosis codes, combinations of diagnosis and procedure codes improve the detection of a PJI in adminis-
trative databases.

(Received 12 June 2020; accepted 29 August 2020; electronically published 30 September 2020)

Prosthetic hip and knee joint infections (PJIs) are increasing in
concert with the rising number of hip and knee arthroplasties.1

Forming the large cohorts necessary to adequately study these
infections is a challenge because PJIs complicate aminority of primary
arthroplasties.2,3 Surgical registries have been used to generate these
cohorts, yet they are not available in all jurisdictions, they are costly
to maintain, they may not be representative, and they often have
incomplete outcome data.4 Health administrative databases capturing
hospital diagnosis and procedure codes are a potential option because
they are available, comprehensive, and standardized.5

However, using administrative databases for PJI research can be
problematic. First, individual hip and knee PJI diagnosis codes
have variable and sensitivity, ranging between 60% and 90% across
previous studies.6–8 Second, these diagnosis codes are based upon
International Classification of Diseases Ninth or Tenth Revision
(ICD-9 or ICD-10) and have usually been tested against surveil-
lance performed by infection prevention and control departments,
potentially underestimating the burden of PJIs because both sur-
veillance strategies are imperfect.5,6 Combinations of diagnosis
and procedure codes have been employed in studies of PJI using
administrative databases,9 but their performance characteristics
have not been assessed.

In this study, we validated ICD-10 diagnosis and procedure
codes at 4 hospitals in Toronto, Ontario, Canada, to test the
hypothesis that combinations of diagnosis and procedure codes
could improve PJI detection from administrative databases.
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Methods

We followed the guidelines for reporting of validation studies of
health administrative databases.10

Study population

The eligible study population included all individuals who under-
went a primary arthroplasty at 4 hospitals (Sinai Health System,
University Health Network, Sunnybrook Health Sciences Centre
and St. Michael’s Hospital) in Toronto, Ontario, Canada, from
January 1, 2010, until December 31, 2016. Primary arthroplasties
were identified using Canadian Classification of Health Inter-
ventions (CCI) codes (1.VA.53 for hip and 1.VG.53 for knee) with
the appropriate qualifier (‘0’ prior to April 1, 2012 or ‘P’ thereafter).
The CCI is based upon ICD-10 procedure codes. A prior validation
study has demonstrated 99% sensitivity and 100% specificity for
using these procedure codes to identify primary arthroplasties,
all of which occurred in a hospital setting in Ontario.11

Study cohort

All inpatient rehospitalizations following a primary hip or knee
arthroplasty from January 1, 2010, until December 31, 2016, were
included. Each individual was followed from the time of primary
arthroplasty until the end of the study period (December 31, 2016)
by searching the discharge abstract database (DAD) at each
hospital. This database is the repository for the mandatory infor-
mation collected upon hospital discharge and includes clinical
diagnoses and procedures performed. These codes follow the
ICD-10 for diagnoses and the CCI for procedures.12 A second,
independent, cohort was also constructed using operative listings
collected by the infection prevention and control (IPAC) departments
of each hospital to identify all revision operations. This was used to
identify revision arthroplasties that may have been missed by search-
ing the DAD.

Prosthetic joint infection detection

Themedical record for each readmission was reviewed by an infec-
tious diseases physician (C.K.) blinded to the administrative data-
base codes to ascertain whether a PJI was present. A PJI diagnosis,
considered a deep surgical site infection (SSI), was based on the
Musculoskeletal Infection Society (MSIS) criteria, which involves
clinical, biochemical, radiographic, histological, and intraoperative
characteristics.13 A readmission in a patient with a confirmed PJI
that was due to a treatment complication (eg, adverse event due to
an antibiotic or joint spacer dislocation) was categorized as a PJI
admission despite not meeting the MSIS criteria because these
complications were the result of PJI treatment. Discordant PJI
pairs occurred when a PJI diagnosis code of T84.53 or T84.54 in
any of 20 available diagnosis fields was applied in the absence of
a PJI identified by chart review or a PJI identified by chart review
in the absence of a PJI code. These cases were rereviewed by C.K.
and A.M. to ensure correct application of the MSIS criteria. The
surgical procedures performed and microbiology were also
abstracted by chart review.

Prosthetic joint infection detection algorithms

Diagnosis and procedure codes were tested individually and in
combination against the criterion standard, which was whether
a PJI was present during a hospital admission based on chart
review. These algorithms were prespecified and included PJI

diagnosis codes, postoperative infection diagnosis codes, pro-
cedure codes for orthopedic surgery operations, and ancillary pro-
cedure codes such as the insertion of a peripherally inserted central
catheter. The main comparison algorithm was the combination of
an arthroplasty code along with a procedure code for the insertion
of a peripherally inserted central catheter, which permits outpa-
tient administration of parenteral antibiotics. Other algorithms
included an orthopedic procedure code or peripherally inserted cen-
tral catheter insertion code alone, combination of a PJI code with an
orthopedic procedure code, and a PJI codewith a specific orthopedic
procedure code likely associated with a PJI (joint spacer insertion or
excision arthroplasty).

Recursive partitioning

Binary recursive partitioning was applied to the cohort to identify
potentially novel detection algorithms using the ‘rpart’ package
version 4.1-13 in R software (R Foundation for Statistical
Computing, Vienna, Austria). All diagnosis and procedure codes
were input as predictor variables with the outcome being a con-
firmed PJI for each admission. This produced a classification tree
using the Gini criterion to split into increasingly homogenous
groups until further partitioning was not feasible. The initial clas-
sification tree was pruned by adjusting the cross-validated error
rate.14 This final pruned tree yielded an additional PJI algorithm
to test.

Statistical analysis

For each algorithm, the performance characteristics (sensitivity,
specificity, positive predictive value, and negative predictive value)
were calculated along with 95% confidence intervals following
every joint replacement (eg, 1 individual could contribute up to
4 joints). The reference standard was a PJI identified by chart
review. The primary analysis assessed whether a PJI was detected
in at least 1 admission following a primary arthroplasty and the
denominator was the total number of arthroplasties performed.
This denominator was selected as the absence of a hospital admis-
sion influences the probability a PJI has occurred. Differences by
joint and hospital were assessed, as were secular trends by testing
for variation of sensitivity and positive predictive value by year.
Secondary analyses assessed performance characteristics for each
admission and for PJI detection using readmissions for a potential
PJI (ie, excluding readmissions for subsequent primary arthroplas-
ties and those in persons with a PJI already diagnosed). Counts of
the CCI procedure codes by PJI operative intervention were tabu-
lated. Statistical analyses were performed using R version 3.4.4.

Results

During the 7-year period, 27,802 primary arthroplasties were per-
formed on 23,419 individuals. There were 8,844 readmissions
among 6,518 individuals, with a median time to re-admission of
669 days (interquartile range [IQR], 256–1,249 days). Overall,
4,067 of 8,840 readmissions (46%) were due to another primary
arthroplasty. There were 586 readmissions for 354 PJIs (overall,
354 of 27,802, 1.27%) with 1 additional PJI identified by IPAC
(Fig. 1). The median time to PJI readmission following primary
arthroplasty was 178 days (IQR, 52–534). In total, 558 operations
were performed for the treatment of a PJI, including 188 debride-
ment with prosthesis retention (34%), 171 first-stage procedures
(30%), 137 second-stage procedures (25%), 42 single-stage proce-
dures (8%), 15 excision arthroplasties (3%), 2 fusions (0.4%), and 3
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above-knee amputations (0.5%). Staphylococcus aureus was found
in 93 of 354 (26%), followed by coagulase negative staphylococci
in 79 of 354 (22%), gram-negative bacilli in 49 of 354 (14%),
β-hemolytic streptococci in 20 of 354 (6%) and Enterococcus spp
in 21 of 354 (6%), while 99 of 354 (28%) were culture negative.

The PJI diagnosis codes exhibited a sensitivity of 0.88 (95% con-
fidence interval [CI], 0.85–0.92) and a positive predictive value
(PPV) of 0.78 (95% CI, 0.74–0.82) for identifying at least 1 admis-
sion for a PJI during the follow-up period (Table 1). Combining a
PJI code or a procedure code for an arthroplasty along with the
insertion of a peripherally inserted central catheter improved sen-
sitivity (0.92; 95%CI, 0.88–0.94) without change in PPV (0.78, 95%
CI, 0.74–0.82). Expanding diagnosis codes to include postoperative
infections or skin and soft-tissue infection diagnosis codes
increased sensitivity, while lowering specificity (data not shown).
The algorithm derived using recursive partitioning identified the
combination of both the PJI diagnosis code and joint spacer pro-
cedure code as the most important, yielding a sensitivity of 0.88
(95% CI, 0.85–0.92) and PPV of 0.78 (95% CI, 0.73–0.82). All algo-
rithms had high specificity and negative predictive values
(Table 1). When applied to each individual admission the PJI diag-
nosis code exhibited sensitivity of 0.85 (95% CI, 0.81–0.87), speci-
ficity of 0.99 (95%CI, 0.99–1.00), a negative predictive value of 1.00
(95% CI, 1.00–1.00), and a PPV of 0.77 (95% CI, 0.74–0.80). When
the denominator was restricted to readmissions without a primary
arthroplasty and only the first admission for a PJI, the sensitivity
decreases to 0.83 (95% CI, 0.78–0.87). Using this approach, the rel-
ative performance of different algorithms did not change, but all
performance characteristics were reduced. The median reductions
were as follows: sensitivity, 0.05 (IQR, 0.05–0.06); specificity, 0.04
(IQR, 0.03–0.06); NPV, 0.01 (IQR, 0.01–0.02); and PPV, 0.11 (IQR,
0.08–0.11) (Supplementary Table 1 online).

We detected variation by hospital when testing individual PJI
diagnosis codes: sensitivity range, 0.81–0.98 (P= .002) and PPV
range, 0.73–0.86 (P= .11). We detected variation in the combina-
tion of a PJI diagnosis code or an arthroplasty code with the inser-
tion of a peripherally inserted central catheter: sensitivity range,
0.86–1.00 (P= .01) and PPV range, 0.74–0.87 (P= .07). We
detected no variation by joint: sensitivity for hip, 0.86 and sensitiv-
ity for knee, 0.90 (P= .42) and PPV for hip, 0.79 and PPV for knee,
0.78 (P= .96). And we did not detect any secular trends: sensitivity
range, 0.88–0.91 (P= .99) and PPV range, 0.76–0.81 (P= .97).

When a procedure was performed for the treatment of a PJI, a
variety of orthopedic procedure codes were applied; an arthro-
plasty procedure code was the most frequent (474 of 558, 85%)
(Table 2). For the first of a 2-stage operation, a spacer insertion
procedure code was recorded in 107 of 188 cases (57%), which rep-
resented 107 of 120 total spacer codes applied (89%). We were
unable to identify procedure codes that could adequately distin-
guish between different surgical approaches used for the manage-
ment of PJI.

Discussion

We have demonstrated that detection of PJIs from administrative
databases can be improved by combining diagnosis and procedure
codes. Although validation in a larger group of hospitals in differ-
ent geographic areas may be required, this approach allows for the
creation of large observational cohorts, which is vital to improve
the management of PJIs and to understanding the epidemiology
of these infections. This detection algorithm is intuitive, simple,
and can be applied wherever ICD-10 codes are utilized. Its use does
require either a single-payer system or a willingness to collaborate
among healthcare institutions. This is particularly true for

Fig. 1. Flow chart for creation of study population.
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jurisdictions in which joint arthroplasties are performed in outpa-
tient surgical centers.

PJI diagnosis codes

PJI diagnosis codes exhibit a sensitivity of 0.88 and a positive pre-
dictive value of 0.78. Comparable performance characteristics
using ICD-9 and ICD-10 revisions diagnosis codes have been

observed in other jurisdictions with different reference standards,
which suggests that our cohort is broadly representative of pre-
vious studies.6–8,15 PJIs can be challenging to diagnose definitively,
so imperfect PJI detection is anticipated.16 Other studies have used
PJIs identified through surveillance performed by infection
prevention and control departments or random sampling of
readmissions as a comparison standard, which may be suboptimal
because such surveillance has a sensitivity of 80%.5,8 Our reference

Table 2. Canadian Classification of Health Intervention (CCI) Procedure Codes Applied to Surgical Procedures Performed for
Management of a Prosthetic Hip or Knee Joint Infection

CCI Procedure Codes Applied, No.

Procedurea Total Arthroplasty Removal Excision Spacer

Debridement with Joint Retention 188 136 32 79 3

One stage 42 41 9 2 3

First Stage 171 160 100 41 107

Second Stage 137 133 39 15 5

aIdentified by chart review.

Table 1. Performance Characteristics of PJI Identification Algorithms Comprised of Diagnosis and Procedure Codes From the Discharge Abstract Database Tested
Individually and in Combinationa

Diagnosis and/or Procedure Codes Sensitivity Specificity Negative Predictive Value Positive Predictive Value

PJI 313/354 27,361/27,448 27,361/27,402 313/400

0.88 (0.85–0.92) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.78 (0.74–0.82)

Orthopedic procedure 338/354 26,571/27,448 26,571/26,587 338/1,215

0.95 (0.93–0.97) 0.97 (0.97–0.97) 1.00 (1.00–1.00) 0.28 (0.25–0.30)

PICC 275/354 27,214/27,448 27,214/27,293 275/509

0.78 (0.73–0.82) 0.99 (0.99–0.99) 1.00 (1.00–1.00) 0.54 (0.50–0.58)

PJI OR PICC þ orthopedic procedure 324/354 27,359/27,448 27,359/27,389 324/413

0.92 (0.88–0.94) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.78 (0.74–0.82)

PJI þ orthopedic procedure 307/354 27,376/27,448 27,376/27,423 307/379

0.87 (0.83–0.90) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.81 (0.77–0.85)

PJI þ orthopedic procedure OR PJI þ PICC 311/354 27,372/27,448 27,372/27,415 311/387

0.88 (0.84–0.91) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.80 (0.76–0.84)

Orthopedic procedure þ PICC 260/354 27372/27448 27372/27466 260/336

0.73 (0.69–0.78) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.77 (0.73–0.82)

PJI OR wound disruption 318/354 27,322/27,448 27,322/27,358 318/444

0.90 (0.86–0.93) 1.00 (0.99–1.00) 1.00 (1.00–1.00) 0.72 (0.67–0.76)

PJI þ PICC OR wound disruption þ PICC 247/354 27382/27448 27382/27489 247/313

0.70 (0.65–0.75) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.79 (0.74–0.83)

PJI OR excision þ PICC 321/354 27,354/27,448 27,354/27,387 321/415

0.91 (0.87–0.93) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.77 (0.73–0.81)

PJI OR spacer 313/354 27,359/27,448 27,359/27,400 313/402

0.88 (0.85–0.92) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.78 (0.73–0.82)

PJI OR spacer OR arthroplasty þ PICC 288/354 27,210/27,448 27,210/27,276 288/526

0.81 (0.77–0.85) 0.99 (0.99–0.99) 1.00 (1.00–1.00) 0.55 (0.50–0.59)
Recursive partitioning 313/354 27,359/27,448 27,359/27,400 313/402

0.88 (0.85–0.92) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.78 (0.73–0.82)

Note. PJI, prosthetic joint infection; PICC, peripherally inserted central catheter.
aThese were assessed in all readmissions following primary arthroplasty.
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standard included review of all hospital readmissions identified by
administrative databases and operative listings to minimize poten-
tially missing PJIs. In addition, using the MSIS criteria for defining
a PJI ensures accurate classification because varying definitions
impact PJI detection substantially.17 The choice of denominator
impacts overall performance characteristics, but it does not alter
the improvement observed by combining procedure and diagnosis
codes. Overall, database codes have exhibited high specificity with
somewhat lower sensitivity, and in our study, which uses ICD-10
codes, this pattern was similarly observed.7,15 The performance
characteristics can be used to account for outcome misclassifica-
tion bias when epidemiologists study PJIs using administrative
databases.

PJI detection algorithm

Combining information frommultiple sources enhances PJI detec-
tion from administrative databases.18 In our sample, the most
robust algorithms involved a combination of diagnosis and
procedure codes, including PJI diagnosis codes along with the
combination of an arthroplasty code and the insertion of a
peripherally inserted central catheter or a joint spacer procedure
code. Because most PJIs involve a surgical procedure it seems
intuitive that inclusion of a procedure code for arthroplasty
increases positive predictive value. The insertion of a peripherally
inserted central catheter, which facilitates outpatient parenteral
antibiotics, during the same hospitalization as a revision opera-
tion, improves PJI detection because these intravenous catheters
are unlikely to be inserted for reasons other than PJI treatment.
Applying recursive partitioning also identified a combination of
diagnosis and procedure codes as the most effective in identifying
a PJI, but the results (using a PJI diagnosis code and joint spacer
insertion procedure code) were not an improvement over a PJI
code alone in our sample.

PJI surveillance

The large numbers of arthroplasties performed makes postopera-
tive infection surveillance by individual infection prevention and
control departments challenging. Our PJI diagnosis algorithm will
detect >90% of deep postorthopedic infections; reviewing the
charts of 423 of 27,802 (~2%) could be used to remove false-
positive records and reduce misclassification. The most sensitive
algorithm could be used to reduce the number of chart reviews
needed to be reviewed when performing hospital SSI surveillance
and the uncertainty of a PJI diagnosis can be incorporated into
real-time SSI detection systems. This system could also be used
to detect clusters of PJIs, although these presumably occur uncom-
monly, enhanced detection might offer opportunities to intervene
both in early diagnosis and prevention of further infections.19 If
hospitals collaborate in SSI detection this detection strategy can
be similarly used across hospitals to increase the capture of PJIs
which are managed at a hospital other than that where the primary
procedure was performed. Two recent studies, in Alberta and
California, identified that 43% and 17% of individuals with a
postoperative infection presented to a different hospital, respec-
tively, from where the primary arthroplasty was performed.5,20

In the short term, such collaborative surveillance systems could
be used for feedback to surgical teams for the reduction of early
infections. In the longer term, such systems might identify previ-
ously unidentified, potentially modifiable, risk factors for late
infections.

Detecting PJI operations

Amajor advantage of prosthetic joint registries is the ability to clas-
sify operations performed for a PJI. Obtaining such descriptive
operative information from administrative databases would be
very helpful in the study of PJIs. However, in our data, CCI pro-
cedure codes (based upon the ICD-10 revision classification struc-
ture) alone were unable to distinguish between the varying
operative strategies performed for the treatment of a PJI. In par-
ticular, it was difficult to separate operations involving joint reten-
tion from joint removal. Only the joint spacer procedure code
could reliably detect a first stage procedure, yet it missed a substantial
proportion of these operations. To improve PJI surgery characteriza-
tion, it will be necessary to combine additional information, such as
physician billing codes or specific joint components.

Our study has several limitations. First, PJIs were only detected
at the same institution where the primary arthroplasty was per-
formed. Thus, the ~30% of individuals suffering from an SSI
present to a hospital other than where the primary procedure
was performed will be missed.5,20 If coding for such patients is sys-
tematically different than that of patients admitted to the primary
hospital, then our estimates of performance characteristics may be
incorrect. Second, the proposed detection strategy will miss
patientsmanaged with antibiotics alone and those who are not hos-
pitalized. However, most primary arthroplasties are performed
electively for osteoarthritis, and chronic PJIs are associated with
substantial disability; thus, this proportion of patients is expected
to be small.21 Third, while this validation included 4 hospitals over
a 7-year period, it was carried out in a single geographic area in
Canada and included only operations performed in a hospital. The
performance characteristics between hospitals varied, suggesting that
further validation in other jurisdictions would be useful. Fourth, the
MSIS criteria available at the time the chart reviews were performed
has since been updated.22 The additional criteria are not routinely per-
formed in the evaluation of a potential PJI in Toronto and are unlikely
to have altered the number of PJIs detected.

In conclusion, an algorithm combining diagnosis and procedure
codes can improve the identification of PJIs from administrative data-
bases. The most robust algorithm involves the combination of a PJI
diagnosis code or a combination of an arthroplasty procedure code
along with the insertion of a peripherally inserted central catheter.
Because this information is widely available, infection prevention
and control departments can use administrative databases to assist
with PJI surveillance, either by using the algorithmdirectly or by limit-
ing the number of medical records to review. This PJI detection algo-
rithm, with incorporation of the performance characteristics, can also
be used to construct large observational cohorts to improve the man-
agement of these devastating infections.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2020.449
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