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In order to improve care for total hip and knee arthroplasties (THA/TKA), hospitals may
want to compare their performance with hospitals in other countries. Pooling data

across countries also enable early detection of infrequently occurring safety issues. We
therefore aimed to assess the between-hospital variation and definitions used for revision,
readmission, and complications across countries.

PubMed, Embase, Web of Science, Cochrane library, Emcare, and Academic Search Premier
were searched from January 2009 to August 2020 for studies reporting on: (i) primary THA/
TKA,; (i) revision, readmission, or complications; and (iii) between-hospital variation. Most
recent registry reports of Network of Orthopedic Registries of Europe members were also
reviewed. Two reviewers independently screened records, extracted data, and assessed

the risk of bias using the Integrated quality Criteria for the Review Of Multiple Study
designs tool for studies and relevant domains for registries. We assessed agreement for the
following domains: (i) outcome definition; (ii) follow-up and starting point; (iii) case-mix
adjustment; and (iv) type of patients and hospitals included.

Between-hospital variation was reported in 33 (1 high-quality, 13 moderate-quality, and 19
low-quality) studies and 8 registry reports. The range of variation for revision was 0-33%
for THA and 0—27% for TKA varying between assessment within hospital admission until 10
years of follow-up; for readmission, 0—40% and 0—-32% for THA and TKA, respectively; and
for complications, 0—75% and 0—-50% for THA and TKA, respectively. Indicator definitions
and methodological variables varied considerably across domains.

The large heterogeneity in definitions and methods used likely explains the considerable
variation in between-hospital variation reported for revision, readmission, and
complications , making it impossible to benchmark hospitals across countries or pool

data for earlier detection of safety issues. It is necessary to collaborate internationally and
strive for more uniformity in indicator definitions and methods in order to achieve reliable
international benchmarking in the future.
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Introduction

Arthroplasty registries were originally established to
monitor safety and compare the survival of different types
of implants. In recent years, however, registries have also
been used to show between-hospital variation for various
quality indicators and provide hospitals and surgeons

with feedback on their performance, usually compared
with a reference standard (i.e. the benchmark) which is
mostly the national average (1, 2, 3, 4, 5, 6, 7, 8). Most
registries give feedback through annual reports intended
to encourage quality improvement initiatives in low-
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performing hospitals and learn from high-performing
hospitals by adopting best practices (1, 2, 3, 4, 5, 6,
7, 8). In addition, scientific articles are published for
quality improvement purposes; for example, hospitals
are benchmarked, ranked, or (statistical) methods are
compared to monitor the quality of care delivered (9, 10,
11, 12, 13). The most commonly used quality indicators
in this context are implant revision, readmission, and
complications, as these indicators are considered reliable,
actionable, and fit for purpose (14, 15, 16, 17, 18, 19).
However, the reliability of hospital rankings has been
shown to be affected by for example, minor registration
incompleteness in the outcome and low event rates, with
particularly low volume providers being less likely to
become an outlier in funnel plots (11, 13).

The rationale for benchmarking is that if another
hospital treating comparable patients achieves better
outcomes, there is potential to improve the underlying
quality of care processes and patient outcomes. However,
there may be less incentive to improve further for hospitals
that are among the best performing hospitals in their own
country. These hospitals may have the interest to compare
their outcomes with hospitals from other countries or
healthcare systems to stimulate further improvement.
In addition, pooling of data across countries would also
enable to detect any safety issues that occur with low
frequency much earlier. Both of these are only possible
if there is consistency in the indicator definitions and
methods used to collect data, as these will determine the
frequency of occurrence. For example, a previous study
showed thata change in definition within the same surgical
context increased the occurrence of adverse outcomes
from 7 to 27% (20). Similarly, data from one study where
the complication rate is defined as the case-mix-adjusted
proportion of complications within 14 days post-surgery
cannot be pooled with another study where it is defined
as non-case-mix-adjusted proportion of complications
within 30 days post-surgery (9, 21).

The present study, therefore, aims to systematically
assess the between-hospital variation and definitions used
for revision, readmission, and complications after total hip
and knee arthroplasties (THA and TKA) across countries,
including both scientific papers published in the past
decade and the most recent arthroplasty registry reports
from the Network of Orthopedic Registries of Europe
(NORE).

Methods

This systematic review was registered at inception with
PROSPERO (CRD42019122779) and conducted according
to the PRISMA 2020 statements (22). The authors received
a grant from the Van Rens Foundation (VRF2018-001) to
perform this study.

A systematic review including

33 studies and 8 arthroplasty 7:4 248

register reports

Search strategy

PubMed, Embase, Web of Science, Cochrane library,
Emcare, and Academic Search Premier were searched for
publications from January 2009 to August 2020 using a
systematic search created by a librarian (JS). The search
consisted of three components: (i) primary THA/TKA;
(i) revision, readmission, complication, length-of-stay
(LOS), and mortality; (iii) between-hospital variation
(Supplementary data I, see section on supplementary
materials given at the end of this article). LOS and
mortality were included as secondary outcomes. LOS was
included because it indicates the severity/complexity of
patients treated or more time to identify complications
during admission, both of which may influence the need
for subsequent readmission. Prolonged LOS may also be
a proxy for complicated disease course, even without
these complications being reported. Therefore, between-
hospital variation in LOS can act as a proxy for between-
hospital variation in complications within a given
healthcare system. Mortality was included because this is
a highly undesirable outcome.

Study and report selection

Titles and abstracts were screened independently by
two reviewers (PvS/SH), and discrepancies were resolved
through discussion. Senior researchers (PM/RN) were
available if consensus could not be reached. Inclusion
criteria were studies reporting on (i) primary THA and/or
TKA; (ii) national or regional between-hospital variation for
revision, readmission, complication, LOS, or mortality with
at least two hospitals included. All studies using registry,
administrative, claim, or audit data were directly included
for full-text screening, as these are usually national or
regional studies that are likely to report between-hospital
variations even if not included in the title and abstract.
Reviews and study protocols were excluded. Studies in
English, Dutch, German, French, and Danish were eligible
for inclusion and were translated by both reviewers (PvS/
SH). Authors were contacted if the full text could not be
found.

In parallel, all most recent registry reports of NORE
members including registries in and outside Europe
were reviewed in full-text on reporting between-hospital
variation for the same indicators (23).

Data extraction

Data were extracted independently by two reviewers (PvS/
SH) using a prespecified SPSS file (Version 26, IBM Corp).
Data extracted were first author, title, year of publication,
country of the first author, and type of implant (i.e. THA
and/or TKA). For arthroplasty reports, the first author
was replaced by the country or region of origin. In
addition, data sources, data collection period, and data

www.efortopenreviews.org

Downloaded from Bioscientifica.com at 12/12/2022 07:51:31AM
via free access



EFORT Open revieuls

completeness were collected, and the number of patients
and hospitals was included. The between-hospital
variations as reported for the outcomes were collected
in the original unit, including mean, s.D.,S.E., 95%-Cl,
median, interquartile range (IQR), and range. If between-
hospital variation was not reported in the text, but hospital
outcomes were reported individually, hospital variation
was calculated using the individual hospital outcomes.
If the variation was only reported in a graph, the values
were derived from the chart. Outcome definitions and
any adjustment for case-mix were also collected and
the type of patients and/or hospitals was included. In
addition, we documented for what purpose the between-
hospital variation was reported (e.g. pay for performance
or quality improvement) and whether it was reported
using one overall estimate (i.e. mean (s.D.), median (IQR)
or range) or whether also individual hospitals outcomes
were shown (e.g. in funnel plots or forest plots).

Definition of outcomes

All outcomes were reviewed on the following domains:
(i) outcome definition (i.e. what constitutes a revision,
readmission, or complications); (ii) follow-up and starting
point (e.g. post-discharge or post-surgery); (iii) case-
mix adjustment (yes/no); and (iv) type of patients (e.qg.
osteoarthritis or trauma) and hospitals (e.g. hospital type
or size) included. For each outcome, it was assessed how
often perfect agreement was reached across all these
domains, which would be needed to allow for the pooling
of data. In addition to documenting case-mix adjustment
or not, it was assessed for which confounding factors the
between-hospital variation was adjusted.

Data analysis

The between-hospital variation for revision, readmission,
complications, LOS, and mortality was reported
separately for THA, TKA, and THA and TKA combined
and plotted in a forest plot. When available, the mean,
median, and range were plotted, and when both 95% ClI
and IQR were available, only the IQR was plotted. When
mean and S.E. were available, we calculated the 95% CI.
If only the s.D. was available, the s.E. was calculated by
dividing the s.p. by the square root of the number of
hospitals included (24). If variation for an outcome was
longitudinally reported multiple times, the most recent
variation was reported and plotted. Data were not pooled
as there was considerable heterogeneity, in which case it
is recommended to refrain from pooling as the resulting
estimate will be rather unreliable (25).

Risk of bias assessment

The Integrated Quality Criteria for Review of Multiple
Study Designs (ICROMS) was used to assess the risk of bias

P van Schie and others 7:4 249

(RoB) independently by both reviewers (PvS/SH) (26). The
ICROMS is a comprehensive tool to evaluate the quality
of multiple study designs and includes a set of universally
applicable and study-specific quality criteria for each study
design. Every study design must meet a minimum score
and mandatory criteria to be included in the review. The
specific criteria for cohort studies and controlled before—
after studies were addressed as these were the study
designs included in this review (Table 1). We included all
studies independent of the ICROMS score and reported the
RoB for every study, with the rationale that RoB could be
taken into account when weighting study results, whereas
excluding studies with medium or low RoB could result in
the loss of potentially valuable information. Studies scoring
at least 18 points out of the total of 26 points for cohort
studies or at least 18 of the 28 points for controlled before—
after studies and meeting the mandatory criteria were
classified as high-quality (HQ) studies (26). Studies scoring
at least 18 points for both study designs but failing to meet
the mandatory criteria were classified as moderate-quality
(MQ) studies. Studies scoring less than 18 points for both
study designs were classified as low-quality (LQ) studies.
Sincethereis notool available to assess the RoBfor registry
reports, we tailored the RoB assessment to our research
question, that is those factors that could potentially bias the
between-hospital variation as reported in registries (Table
2). Consistent with the ICROMS tool, each item could get
0-2 points, resulting in a range of 0—14 points. No reports
were excluded based on the RoB assessment, but the RoB
could be considered when weighing the reports’ results.

Results

Studies and reports

The search identified 1643 records, including 1621
scientific papers and 22 registry reports. After removing
duplicates, 943 remained (i.e. 921 studies and 22 reports).
Title and abstract screening excluded 625 studies, as 157
did not involve primary THA or TKA, 373 did not report
between-hospital variation, 38 did not report at least
one of the outcomes, 54 were reviews, and 3 were study
protocols. All registry reports were directly selected for
full-text screening, resulting in 22 reports and 296 papers
to be further assessed. During the full-text review, 14
reports and 263 papers were excluded as 3 did not involve
primary THA or TKA, 270 did not report between-hospital
variation, and 4 did not report at least one indicator
outcome, leaving 33 papers and 8 arthroplasty reports to
be included (Fig. 1).

Risk of bias

Thirty-two cohort studies and 1 controlled before-and-
after study were included. One study was classified as a HQ
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Table 2 Risk of bias (RoB) in arthroplasty reports.

Report code Arthroplasty report Year 1 2" 3 4 5" 6" 7 Total RoB score for reports
A Norwegian Arthroplasty Register (1) 2020 2 2 2 2 1 2 0 1
B Dutch Arthroplasty Register (2) 2020 2 2 0 2 2 0 2 10
C Swedish Knee Arthroplasty Register (3) 2020 2 2 2 2 2 2 0 12
D Danish Hip Arthroplasty Register (4) 2020 2 2 2 1 0 2 0 9
E Swedish Hip Arthroplasty Register (5) 2018 2 2 2 2 2 0 0 10
F Danish Knee Arthroplasty Register (6) 2020 2 2 2 1 0 0 0 7
G Finnish Arthroplasty Register (7) 2020 2 2 2 0 0 1 0 7
H Swiss Arthroplasty Register (8) 2020 1 2 2 0 0 2 0 7

Since there is no tool available to assess RoB for registry reports, we tailored the ICROMs to our research question, that is, those factors that could potentially bias
the between-hospital variation as reported in registries. Following domains were assessed: (1) Patients could be traced when treated in another hospital; (2) Data
completeness was reported for THA and TKA separately; (3) Data completeness was reported for single hospitals; (4) Indicator outcomes were validated for at
least a part of the data; (5) Indicator outcomes were adjusted for covariates; (6) Missing data for covariates were reported; (7) Missing values for covariates were
imputed.

Scores for each criterium were assigned as follows: 0, did not fulfil the criteria; 1, unclear if criteria are fulfilled; 2, did fulfil the criteria.

“For this domain. 0, no; 1, yes, for THA and TKA combined; 2, yes, for THA and TKA separately. “For this domain. 0, no; 1, yes, for age and gender; 2, yes, for age,
gender and comorbidities. ““For this domain. 0, did not fulfil the criteria; 1, for at least one covariate; 2, did fulfil the criteria. “*"For this domain. 0, data were not
imputed; 1, unclear if criteria are fulfilled; 2, data were imputed.

study, 13 as MQ, and 19 as LQ. The median ICROMS score The RoB for registry reports ranged from 7 for the Swiss
was 17 points (IQR: 15-19). Most studies did not meet  Arthroplasty Register to 11 for the Norwegian Arthroplasty
the mandatory criteria, often involving the comparability =~ Register (out of the maximum of 14). The median score
of groups (Table 1, domain 2E) and incomplete outcome  was 9 points (IQR:7-10). Most variation was in the
data addressed (Table 1, domain 4C). covariates used to adjust outcomes (Table 2, domain 5)

Identification of records via databases and arthroplasty registers ]

. . Records removed before screening
Records identified Duplicate records:

Studies (k = 1621) > N -
Arthroplasty reports (k = 22) Studies (k = 700)

ntification

Arthroplasty reports (k = 0)

Idel

Records excluded:

v Studies (k = 625)
Records screened Arthroplasty reports (k = 0)
Titel and abstract
Studics (k =921)

Arthroplasty reports (k = 22)

Y

- No primary THA or TKA (k = 157)

- No between hospital variation (k = 373)

- No revision, rcadmission, complication, LOS or mortality (k = 38)
- Review (mceta-analysis) (k = 54)

- Study protocol (k = 3)

Y

Records sought for retrieval Records not retrieved:
Studics (k = 296) > Studices (k = 0)
Arthroplasty reports (k = 22) Arthroplasty reports (k = 0)
v Rcconjds excluded:
Records assessed for eligibility Studies (k =263)
Full-text review Arthroplasty reports (k = 14)
Studies (k = 296) ¢

- No primary THA or TKA (k = 3)
- No between hospital variation (k = 270)
- No revision, readmission, complication, LOS or mortality (k = 4)

Arthroplasty reports (k = 22)

\ 4
Records included in review
Studies (k = 33)
Arthroplasty reports (k = 8)

Figure 1
PRISMA 2020 flowchart. THA, total hip
arthroplasty; TKA, total knee arthroplasty.
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and whether missing values for covariates were imputed
(Table 2, domain 7).

Characteristics

Seven of the 33 studies included THA, 4 TKA, 12 both
THA and TKA, and 10 studies combined THA and TKA as
one group (Supplementary data IlIA). Six studies reported
the between-hospital variation for revision (18%), 13 for
readmission (39%), and 20 for complications (61%). The
studies included numbers of patients ranging from 122 to
524,892 for THA, from 84 to 952,593 for TKA, and from
1596 to 878,098 for THA and TKA combined. Four studies
did not report the number of patients included (15, 27, 28,
29). A wide range was found for the number of hospitals
included for THA, TKA, and THA and TKA combined (i.e.
2-3479). Data completeness on THA/TKA included was
reported in 8 of the 33 studies and was at least 75% for
7 studies. Twenty studies used administrative data and 13
clinical data. Data were routinely collected for 23 studies
and clinician-reported for 10 studies (Supplementary
data lIA).

Two of the eightregistry reportsincluded THA, two TKA,
and four both THA and TKA. All reports included between-
hospital variation for revision, two for readmission, and
three for complications. Reports showed smaller variation
in the number of patients (i.e. 7161-33248) and hospitals

A systematic review including

33 studies and 8 arthroplasty s 2

register reports

included (i.e. 47-152) compared with studies. All reports
stated their overall data completeness in THA/TKA included
to be at least 94.9% but was only reported for individual
hospitals by seven reports (Supplementary data IIB).

Between-hospitals variation and indicator definitions
Revision

From the six studies reporting revision rates, the between-
hospital variation was reported in five studies (1 MQ, 4
LQ) for THA (11, 27, 30, 31, 32) and four studies (2 MQ, 2
LQ) for TKA (11, 31, 32, 33). Notable differences were seen
with regard to the extent of between-hospital variation
across studies, as shown in Fig. 2. This is likely due to the
large variety in definitions used, both to indicate what
constituted a revision, the follow-up, patient selections,
and whether hospital differences were adjusted for case-
mix (Table 3). Revision within 1 year was mainly reported
(33% of studies reporting revision), but even then, the
variation remained large (Fig. 2).

Revisions were reported in all eight registry reports, but
the between-hospital variation was reported in six reports
for both THA (2, 4, 5, 7, 8, 34) and TKA (2, 3, 6, 7, 8, 34).
Again, there were notable differences in the between-
hospital variation across registries (Fig. 2). As for the
included studies, we found a large variety in definitions
used, both in what constituted a revision, the follow-up,

Figure 2
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type of patients and hospitals selected, and adjustment
for case-mix (Table 3). The only aspect where all reports
were consistent was that follow-up started post-surgery.
Revision within 5 years was most reported regarding
follow-up (50% of reports reporting revision), followed by
1 year (38%) and 2 year (38%) revision.

Readmission

From the 13 studies reporting readmission rates, the
between-hospital variation was reported in 5 studies (3
MQ, 2 LQ) for THA (9, 21, 30, 35, 36), 4 studies (3 MQ, 1
LQ) for TKA (21, 33, 35, 37), and 6 studies (3 MQ, 3 LQ)
for THA and TKA combined (15, 16, 28, 38, 39, 40). Ten
studies reported the variation for readmission more than
once with different indicator definitions in all domains
except for the type of patients selected (Table 4). Figure 3
shows large differences in the between-hospital variation
across studies and the reported means and medians,
likely due (at least in part) to variety in how readmissions
were defined and which patients were included (Table 4).
Studies combining THA and TKA in a single group were
mostly case-mix-adjusted, whereas studies reporting
only THA and/or TKA separately were often unadjusted.
Readmission within 30 days was the most often used
definition (85% of studies reporting readmission).

Overall readmissions were reported in two registry
reports (25% of reports), but the between-hospital
variation was only given in one report with three different
patient selections (i.e. all patients, only with osteoarthritis
or with a fracture) for THA (4) and in one report for TKA (6)
(Fig. 3 and Table 4). All-cause readmission within 30 days
post-surgery was reported for THA and readmission of at
least 2 days within 30 days after discharge for TKA. No
adjustments for case-mix were performed for these data.

Complications

From the 20 studies reporting complication rates, the
between-hospital variation was reported in 11 studies (5
MQ, 6 LQ) for THA (9, 10, 21, 27, 41, 42, 43, 44, 45, 46,
47), 8 studies (4 MQ, 4 LQ) for TKA (10, 21, 33, 44, 45, 46,
47, 48) and 8 studies (1 HQ, 3 MQ, 4 LQ) for THA and TKA
combined (14, 15, 16, 32, 38, 47, 49, 50). Eight studies
reported the variation more than once with different
outcome definition, follow-up, and type of hospitals
selected (Table 5). Again, large differences were found in
the between-hospital variation, which is (at least) partly
explained by the different definitions used (Fig. 4 and
Table 5). Two studies used the same dataset and reported
comparable in between-hospital variations (16, 38).
Studies varied particularly in the type of complications
included, such as reoperations, surgical site infections,
blood transfusions, and deep venous thrombosis. There
were also large differences in follow-up, type of patients,
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and hospitals selected, and whether between-hospital
variation was adjusted for case-mix. Complications were
mostly defined as occurring within 30 days (15% of studies
reporting complications).

Complications were reported in three reports (38%
of reports), with between-hospital variation reported in
two reports for THA (4, 5) and one report for TKA (3).
All reports reported the variation more than once with
different outcome definitions, follow-ups, and types of
patients selected (Table 5). As with data reported from
studies, a large between-hospital variation was found,
although less variation in the type of complications was
present, but more variation in the type of patients selected
(Fig. 4 and Table 5).

Length-of-stay and mortality

Nine studies (27% of studies) (10, 29, 30, 33, 40, 49,
51, 52, 53) reported the between-hospital variation for
LOS and only one study (3% of studies) (9) represented
mortality. Between-hospital variation for LOS was given by
one report (13% of reports) (6) and for mortality by two
reports (25% of reports) (3, 5) (Supplementary datas llI,
IV, V and VI).

Perfect agreement

Given the heterogeneity in definitions used across studies
and registry reports, none of the outcomes had perfect
agreement across all six domains (i.e. what constituted
a revision, readmission or complications, follow-up, and
starting point, case-mix adjustment, and patient- and
hospital selections) for both THA, TKA, and THA and TKA
combined (Tables 3, 4 and 5).

Variables used for case-mix adjustment

Both studies and reports varied whether rates were case-
mix-adjusted and which variables were used for case-
mix adjustment (Tables 3, 4 and 5). Revision rates, when
adjusted, were always adjusted for age and gender.
Considerable variation was observed with regard to
additional case-mix adjustments: American Society
of Anaesthesiology (ASA) score (2, 8, 11), diagnosis
(osteoarthritis versus other) (2, 11), BMI (8, 11), Charnley
score (8, 11), smoking status (11), use of patellar button
(3), previous contralateral arthroplasty (31), bilaterally of
the operation (31), heart disease (31), hypertension (31),
cancer (31), alcoholism (31), dementia (31), depression
(31), Parkinson’s disease (31), mental disorders (31),
degenerative brain diseases (31), and atherosclerosis (31).

For readmissions, also wide variation in case-mix
adjustments: for age (9, 15, 21, 38), gender (9, 15, 21),
ethnicity (21), functional status (21), ASA score (21),
history of acute myocardial infarction (21), history of
peripheral vascular disease (21), depression (21), diabetes
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Figure 3

Between-hospital variation for readmission. The numbers and letters on the y-axis correspond to the study numbers from Table TA
and report letters from Table 1B, respectively. A letter in superscript was added to a study number or a number in superscript to a
report letter when the readmission rate was reported more than once with different definitions. Study numbers and report letters
were underlined and red or blue-coloured when readmission within 30 days was reported. The green and red cross represent the
upper and lower range, respectively. The blue square represents the median and the yellow triangle represents the mean. The
interquartile range is shown in a solid line through the median. The 95% Cl is shown with a dashed line through the mean. RR,
Registry reports; THA, total hip arthroplasty; TKA, total knee arthroplasty.

mellitus (21), surgical time (21), work relative value unit
(21), emergency surgery (21), patient comorbidities (16,
28, 38), Elixhauser comorbidities (9) procedure (THA/
TKA) (16), demographics (39), healthcare use (39),
comorbidities selected by veteran affair surgical quality
improvement programme (VASQIP) nurses (39), and
clinical comorbidity (15).

For complications, between-hospital variations were
case-mix-adjusted for age (9, 10, 14, 15, 16, 21, 27, 41,
42, 48, 50), gender (9, 10, 14, 15, 21, 27, 41, 42, 48, 50),
ethnicity (21, 41, 42), Elixhauser comorbidities (9, 41,
48), patient comorbidities (14, 16, 27, 38, 42), ASA score
(10, 21), procedure (THA or TKA) when THA and TKA
are combined (14, 16, 50), payer (41), admission status
(41), functional status (21), history of acute myocardial
infarction (21), history of peripheral vascular disease (21),
depression (21), diabetes mellitus (21), surgical time (21),
work relative value unit (21), emergency surgery (21),
BMI (10), smoking (10), smoking status (10), diagnosis
(osteoarthritis versus other) (10), preoperative Hb (10),
clinical comorbidities (15), and bilateral surgery (14).

Context for benchmarking hospitals

Between-hospital variation was generated mostly as
feedback for quality improvement purposes (9, 10, 11,
21, 31, 32, 41, 44, 45, 46), but also to assess variation

by structural hospital characteristics (e.g. ownership
structure or teaching status) (28, 30, 33, 47, 50, 51, 52),
to assess outcome associations between specialisms
and hospitals (39), and to assess the impact of coding
schemes (42). Regardless of the purpose of the studies,
19 studies (58% of studies) informed individual hospitals
about their performance (i.e. 5 for revision (11, 30, 31, 32,
33), 6 for readmission (9, 21, 28, 30, 33, 39), and 12 for
complications (9, 10, 21, 32, 33, 41, 42, 44, 45, 46, 47,
50)). The remaining 14 studies (42% of studies) reported
the variation in one overall estimate (i.e. mean (s.D.),
median (IQR), or range) from which hospitals are unable
to infer how they are performing compared with other
hospitals (14, 15, 16, 27, 29, 35, 36, 37, 38, 40, 43, 48, 49,
53). All registry reports gave outcomes at the individual
hospital level when outcomes were collected (i.e., 8 for
revision (2, 3, 4, 5, 6, 7, 8, 34), 2 for readmission (4, 6),
3 for complications (3, 4, 5), 1 for LOS (6), and 2 for
mortality (3, 5)).

Discussion

The present study showed that between-hospital variation
for revision, readmission, and complications is often
reported in arthroplasty cohort studies and registry
reports, with considerable differences between hospitals
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af ~ present for both THA and TKA. Large heterogeneity was
ol 8§ sl 2. found in definitions of variables and methods used, which
5'5 gttty s E likely explains at least part of the variation but obscures
o~ g@, - 7l e g the ability to compare results and pool data. For revision,
E w %g' most studies reportgq revis?on' within 1 year and m(?st
g -\ £ registry reports revision within 5 years.. Most studies
2 ek ‘%og! and reports reported on readmission within 30 days. As
3:03‘ E@ for complications, most studies reported complications
-?._;, —2‘“:“ 2D within 30 days, with reports evaluating complications Lljlp
& =u 29 to 2 years. The between-hospital variation was generally
f:: ;‘rg repor);ed not only in the context of quality improvement
Sw N § 2 purposes but also the association with structural
,=<_::‘1‘~ | 85 2 A I § characteristics like ownership or teaching status. .
- g7 Data currently available in literature and registry
;:;,\ X % reports therefore do not facilitate an international
ae é § 2 comparison betwegn h(.)spltal'o.u'tcomes for THA and TKA,
aa ~ ~ E% 5 dus to heterogek;]leltty in dlegnltlotns anglemfetrzj;:gle:
o A o] 52 ¢ and it is impossible to pool data to enable, fo ,
EE c! i E%ﬁ RN 3 gg j—; earlier dete(F:)tion of safety issues. A well-known example
£= ES = < - i where earlier detection would have prevented many
5“:‘ @% = patients from unnecessary suffering was the metal-on-
5%: E% g metal hip arthroplasty disaster, in which 20% of patients
z Ei g hadh Etoo/undergoI a revilsio:h vlwthln :: yelarst,. C(z;pasrse;d
= EW £ with 4% in metal-on-polyethylene arthroplasties (54, 55).
§ 5% 2 The Australian Orthopaedic Association National Joint
R E § = Replacement Registry (AOANJRR) identified these implants
5.3 25 § as having an outlier performance in 2007, more than 3
Z‘ %:"ﬁ gg § years before retraction from the market (56). In addition,
:g,/ i'f'; é%‘ g the mortality risk increased by 8.5% (95% Cl: 5.8—-11.2%)
SEY $5 3 due to these implants (57). To pool data and enable
72 ‘N el S 2 international comparison of between-hospital variation,
= T i I two steps must be taken. -
sf8s o, , 2, ,8,,% §§ S First, worldwide agreement on definitions is needgd
- £ T;z E for the outcome, follow-up (starting time), case-mix
=2 é S =2 adjustment, and patients/hospitals that should be
=8 = E® £ selected. An example of this on a smaller scale is the Nordic
‘E% § E?E, 4 > Arthroplasty Register Association (NARA). They previously
%E ® o £ N - 2 g merged revision data with matching definitions to identify
EE E I :’: 3 g%fe”’se b ; é;%% differences in revision rates between Sweden, Denmark,
57& < = = §= gg Norway, and Finland in 2014 (58). Howeve'r, as shown
N % F2ep in the present study, the definitions in their published
i’:‘i gg‘gg annual reports do not match exactly when patler.1t and
Fa e hospital selections are considered. A collaboration of
§§ é% arthroplasty registries such as the International Society
g Y g g;gg S of Arthroplasty I'Registries. and NORE (EFQRT) could .p'Iay
= 2 2 § §£~§f a leading role in assessing 'the feasibility of a unified
8E8E & 3 | 5933 global system to evaluate delivered care and benchmark
£82y 3E 2% 58 sE2¢t hospital performance using the same definitions (59).
3 §2283c8528_ 52| s3 £s Since 2012, the International Consortium of Orthopaedic
S R gg—gg 3% £ c ; gggg Registries (ICOR) has been working to implement a
§ § E’E,é 2% coS % % £ ° ti% ég\g g global survelllan.ce §ystem for monitoring medical devices
- g gg% g‘}é g5 ey s882| g3 %g throughout their life. They already have several tools
2 El85oPm3553858¢ § 252 38 S available to facilitate 'co'llaboratl.on at d.lff.erenF stages (60,
i S < EZ&EB 61). In this context, it is essential to distinguish between
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Figure 4

Between-hospital variation for complications. The numbers and letters on the y-axis correspond with the study numbers from Table
1A and report letters from Table 1B, respectively. A letter in superscript was added to a study number or a number in superscript to a
report letter when the complication rate was reported more than once with different definitions. Study numbers were underlined
and red-colored when complications within 30 days were reported, and report letters were underlined and blue-colored when
complications within 2 years were reported. The green and red cross represent the upper and lower range, respectively. The blue
square represents the median and the yellow triangle the mean. The interquartile range is shown in a solid line through the median.
The 95% Cl is shown with a dashed line through the mean. THA, total hip arthroplasty; TKA, total knee arthroplasty.

suitable indicators for monitoring quality of care orimplant  difficult to compare hospitals from different healthcare
survival. Revision of an implant within 1 year, forexample,  systems in a fair way. For example, differences in LOS and
gives a better reflection of the quality of care delivered  readmissions between hospitals in different healthcare
as it is closer to (and therefore more likely to be related  systems can be caused by the availability of outpatient
with) the surgery performed, whereas a revision within  clinics, hospitalization shorter than 24 h imposed by
5 years is highly relevant to monitor implant survival.  health insurance policies, cooperation agreements with
Even if definitions match in the future, it will often remain ~ general practitioners, and other financial incentives.
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Secondly, to allow for fair hospital comparison
between hospitals, it is important to adjust for differences
in case-mix (62). Hospitals that tend to treat mainly
patients without comorbidities (e.g. ASA | patient with
osteoarthritis and no hip deformities) are expected to
have a lower frequency of adverse events (e.g. revision,
infection) than hospitals treating patients with multiple
comorbidities (e.g. ASA lll and congenital hip deformities)
(63, 64, 65). As shown in this study, there is no consensus
on whether or not to adjustfor case-mix, letalone for which
patient characteristics should be adjusted. Adjustments
were made for 35 different patient characteristics, mainly
for age and gender, followed by ethnicity, BMI, ASA score,
and Elixhauser comorbidities; these patient characteristics
are readily available in routinely collected data. In three
studies and one report, hospital variation was adjusted for
surgery- or hospital-specific determinants (e.g. hospital
and surgeon volume) in addition to patient characteristics.
However, these determinants could also be a proxy for
experience and thereby an intermediate variable in the
causal pathway to achieve good patient outcomes that
should not be adjusted for.

Consensus in data definitions and case-mix adjustment
definitions enables international hospital comparison,
such that (global) feedback can be given in relation to
others as this has been shown effective to improve care.
A previous study showed a 0.89% (95% CI:0.83-0.96%)
reduction in serious adverse events for THA and TKA when
hospitals receiving feedback were compared with control
hospitals (66). In addition, a Cochrane review showed a
median absolute improvement of 4.3% associated with
audit and feedback (IQR:0.5-16.0%) (67). Studies have
also shown that feedback is more effective when given
monthly in an active way by a senior colleague, both
verbal and written, with specific goals and actions planned
rather than in a passive way (e.g. registry reports) (67,
68, 69, 70). Feedback is often reactive and only targeted
at underperforming hospitals (i.e. negative outliers),
sometimes with financial consequences. Feedback could,
however, be more effective if not only underperforming
hospitals feel addressed but if normal or good performing
hospitals are also actively motivated to improve further,
which could be achieved by international comparisons.

Several limitations should be noted. First, completeness
of data was reported for only eight studies (24% of
studies), making it impossible to assess whether selection
bias affected hospital outcomes and thus generalizability
of our results (Supplementary data IlIA and B). To allow
for a correct interpretation, it is therefore essential to state
the variation in completeness of data across hospitals in
a study or report. Secondly, when indicator outcomes
occurred but in another hospital, this underestimates
the outcome in the first hospital and also the variation
between hospitals if this happens systematically for some

A systematic review including
33 studies and 8 arthroplasty

7:4 260

register reports

hospitals. However, this does not apply to registries
included in this study because they use a unique personal
code, linking outcomes in other hospitals to the primary
procedure. Thirdly, between-hospital variation may have
been overestimated when outcomes were not adjusted for
case-mix or only by a limited number of variables, resulting
in possible residual confounding which is now attributed
to the hospital. Finally, some studies and reports have not
reported the definitions across all four domains so that
the agreement may have been higher for some domains
(Tables 3, 4 and 5).

Conclusion

To benchmark hospital performance or pool data for
early detection of safety problems across countries, it is
necessary to collaborate internationally and strive for more
uniformity in indicator definitions and methods used.
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