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Abstract

Background

Variation in 1-year revision rates between Dutch hospitals after primary total hip and
knee arthroplasty (THA and TKA) may direct quality-improvement initiatives if this
variation accurately reflects true hospital differences. The aim of the present study was
to assess the extent of variation, both overall and for specific indications, as well as the
statistical reliability of ranking hospitals.

Methods

All primary THAs and TKAs that were performed between January 2014 and
December 2016 were included. Observed/expected (O/E) ratios regarding 1-year
revision rates were depicted in a funnel plot with 95% control limits to identify
outliers based on 1 or 3 years of data, both overall and by specific indication for
revision. The expected number was calculated on the basis of patient mix with use of
logistic regression models. The statistical reliability of ranking hospitals (rankability)
on these outcomes indicates the percentage of total variation that is explained by
“true” hospital differences rather than chance. Rankability was evaluated using fixed
and random effects models, for overall revisions and specific indications for revision,
including 1 versus 3 years of data.

Results
The present study included 86,468 THAs and 73,077 TKAs from 97 and 98 hospitals,

respectively. Thirteen hospitals performing THAs were identified as negative outliers
(median O/E ratio, 1.9; interquartile range [IQR], 1.5-2.5), with 5 hospitals as
outliers in multiple years. Eight negative outliers were identified for periprosthetic
joint infection; 4, for dislocation; and 2, for prosthesis loosening. Seven hospitals
performing TKAs were identified as negative outliers (median O/E-ratio, 2.3; IQR,
2.2-2.8), with 2 hospitals as outliers in multiple years. Two negative outlier hospitals
were identified for periprosthetic joint infection and 1 was identified for technical
failures. The rankability for overall revisions was 62% (moderate) for THA and 46%
(low) for TKA.

Conclusion

There was large between-hospital variation in 1-year revision rates after primary
THA and TKA. For most outlier hospitals, a specific indication for revision could be
identified as contributing to worse performance, particularly for THA; these findings
are starting points for quality-improvement initiatives.
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Introduction

Recent studies showed variation in hospital performance after total hip arthroplasty
(THA) and total knee arthroplasty (TKA) in terms of outcomes such as length of stay,
readmission, complications, allogeneic blood transfusion, and mortality as well as
costs, suggesting that improvement is possible for some hospitals(1-10). For instance,
a fivefold-higher postoperative complication rate was found in some United States
hospitals compared with others, which may be due to patient characteristics, true
hospital differences, and random variation(2,9). The statistical reliability of ranking
(rankability) indicates the percentage of variation that is due to “true” hospital
differences as opposed to random (chance) variation(11-16). Random variation is
particularly likely if the number of events is small(17). Therefore, rankability adds
crucial information to calculated between-hospital variation in clinical outcomes.
Conclusions about the quality of care delivered are only reliable if an outcome is
ranked reliably.

Most arthroplasty registries publish annual reports with the aim of monitoring
hospital performance and providing hospitals with feedback. In orthopaedics, the
1-year revision rate is an important clinical outcome that is often used to monitor
the quality of care delivered. The consequences of revision—both for the patient and
in terms of associated costs—are considerable. Because of low revision rates, several
years of outcomes are usually combined to have more events(18-20). As a resuls, it
may take longer before deteriorating hospital performance is noticed. However, if the
rankability for single years of data analysis is acceptable, a reliable earlier signal can be
given when performance deteriorates. Furthermore, variation in 1-year revision rates
for specific indications (infection, dislocation, etc.) may direct quality-improvement
initiatives for worse-performing hospitals. The variation in 1-year revision rates among
hospitals is currently unknown, as are the variations for specific indications and the
statistical reliability of ranking on revisions.

The aims of the present investigation were (1) to assess the extent of variation in 1-year
revision rates between Dutch hospitals after primary THA and TKA procedures in
the period 2014-2016 and (2) to estimate rankability to determine the extent to
which our findings represent true hospital differences. In both cases, we evaluated
both 3 years of procedures as well as single years for both overall revision and specific
indications for revision.
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Materials and Methods

Study design and setting

This observational study used routinely collected data from the nationwide Dutch
Arthroplasty Register (LROI). The LROI was established in 2007, and by 2012 all
Dutch hospitals were participating. For every arthroplasty procedure, the product
number of the implanted component is registered to identify the prosthesis, as
well as the encrypted social security number of each patient so that it is possible to
connect a revision procedure to the hospital where the primary procedure took place.
Surgeons provide information about the procedure, patient characteristics, and any
possible revisions (including the type of, and indication for, revision). The vital status
of patients (dead or alive) is obtained from Vektis, the Dutch insurance health-care
database. The LROI uses the opt-out system for informed consent, whereby patients
must actively object in order not to be included. The completeness of data on primary
THA and TKA procedures is checked against hospital electronic health records and
currently exceeds 98% for primary procedures and 96% for revisions, meaning that
>98% of primary procedures performed are included in the register(21,22). THAs
were performed at 97 hospitals, and TKAs were performed at 98.

Patients and outcomes

Anonymous data on all Dutch patients undergoing a primary THA or TKA procedure
between January 2014 and December 2016 were included. The following patient
characteristics that may influence the need for revision were recorded: age, sex, body
mass index (BMI), smoking status (yes or no), American Society of Anaesthesiologists
(ASA) classification (I, II, III-IV), Charnley score (A, B1, B2, C, not applicable), and
diagnosis (osteoarthritis or non-osteoarthritis)(23). Revision within 1 year (yes or no)
was the primary outcome measure (defined as exchange, removal, or addition of any
component). When a revision was performed, surgeons registered 1 of the available
indications for revision:

THA: wear (cup and/or insert), dislocation, prosthesis removal, prosthesis

loosening (femur and/or acetabulum), periarticular ossification, symptomatic

metal-on-metal bearing;

TKA: patellar pain, wear (modular tibial polyethylene insert), patellar dislocation,
malalignment, instability, prosthesis loosening (femur, tibia, and/or patella),

progressive patellofemoral osteoarthritis, arthrofibrosis;

THA and TKA: periprosthetic joint infection, periprosthetic fracture, “other”
indication.
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To direct quality-improvement initiatives if a hospital performed more revisions than
expected given its patient mix, the indications for revision were categorized into the
following groups:

THA: infection, loosening (acetabular and/or femur), and dislocation;

TKA: infection, loosening (femur, tibia, and/or patella), and technical failure
(malalignment, instability, and/or patellar dislocation).

Statistical analysis

First, we estimated the between-hospital variation in 1-year revision rates after primary
THA and TKA procedures, with adjustment for differences in patient mix (using the
same method as the LROI). For each patient, the expected revision risk was calculated
with use of logistic regression analysis, with all of the patient characteristics listed
above as independent variables and 1-year revision the dependent variable. Missing
patient characteristic values (<10% for all variables) were imputed with the mean for
numeric variables or the mode for categorical variables (so that the most frequently
occurring category was imputed). All expected revision risks at the patient level were
summed within a hospital to obtain the aggregated expected number (E) of revisions
per hospital. The observed number (O) of revisions per hospital was then divided by
the expected number to calculate an O/E ratio for each hospital.

The O/E ratios were depicted in a funnel plot with 95% control limits, including 3
years of procedures (2014-2016) and single years(24). Hospitals outside these limits
either have significantly lower revision rates than expected and thus perform better
(positive outlier, represented by green dots on the funnel plot) or have significantly
higher revision rates and perform worse (negative outlier, represented by red dots on
the funnel plot). Hospitals within these limits do not perform different than expected.
Feedback based on a single year of performance data may be given sooner, but 3-year
data may have better power. The analyses were repeated for specific indications for
revision as these indications might point to starting points for quality improvement.

Statistical reliability of ranking (Rankability)

Rankability was introduced in previous research and refers to the statistical reliability
of ranking hospitals(11-13). Rankability reflects a signal-to-noise ratio and is expressed
as the percentage of the hospital variation being due to ‘true’ hospital differences
rather than chance variation with use of the following equation(11-14):

Between—hospital variation(t?)

X 100%

Rankability =

Between—hospital variation(t2) + Within—hospital variation(c?)
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Between-hospital variation was estimated with use of a random effects logistic regression
model to adjust for clustering of patients within hospitals, with the hospital variable as
a random factor and patient characteristics as fixed factors. Within-hospital variation
was estimated with use of a fixed effect logistic regression model, with all patient
characteristics as fixed factors to adjust for patient mix and hospital as a categorical
variable. The median squared standard error (SE) of the hospital estimate was taken to
represent the within-hospital variance(15). The between and within-hospital variation
from these models are included in the equation above to evaluate the extent to which
hospital variation can be attributed to “true” hospital differences. If the within-hospital
variation is relatively large, for example, as a result of low-frequency outcomes, it will
become harder to detect any between-hospital differences. Rankability was classified
as low (<50%), moderate (50% to 75%), or high (>75%), as previously suggested(15).
Rankability was determined for THA and TKA separately for both 3 years and single
years of data as well as by the indication for revision. If hospitals are ranked reliably
over a shorter period of time (e.g., single years), deteriorating hospital performance is
identified sooner and hospitals do not have to wait several years for data, potentially
preventing more failures from occurring(16).

The analyses on hospital variations were performed with use of SPSS (version 23; IBM).
Analyses on rankability were performed with use of STATA (version 14; StataCorp).
The LUMC Medical Ethical Committee waived the need for ethical approval under
Dutch law.

Results

In total, 86,468 primary THA procedures from 97 hospitals and 73,077 primary TKA
procedures from 98 hospitals were included. Less than 4% of patient mix variables
were missing, except for smoking, which was below 10%. The average 1-year revision
rate across all patients was 1.8% for THA and 1.2% for TKA, with a median rate per
hospital of 1.6% (interquartile range [IQR], 1.0%-2.3%) for THA and 1.1% (IQR,
0.7%-1.6%) for TKA (Table I).
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Table I Distribution of Patient Characteristics and 1-Year Revisions in Dutch Hospitals in the Period 2014-2016.

THA (n=97 hospitals)

TKA (7=98 hospitals)

Median (IQR) Range Median (IQR) Range
Procedures () 759 (526-1173) 2-2502 699 (463-938) 9-1998
Mean age (years) 69.3 (67.8-70.1) 50.6-71.8 68.8 (67.4-69.7) 56.5-72.2
Gender, female (%) 66.1 (63.3-68.0) 0.0-74.1 65.2 (61.9-67.8) 8.3-100.0
Mean BMI (kg/mz) 27.3(27.0-27.8) 25.9-28.6 29.8 (29.3-30.4) 20.5-31.0
Smoking (%) 13.2 (10.7-15.2) 0.0-27.9 9.8 (8.4-11.8) 1.0-20.5
ASA classification (%)
e ASAI 17.4 (14.2-21.4) 3.3-100 11.8 (9.8-16.0) 3.8-54.5
e ASAII 65.0 (59.8-70.4) 0.0-96.7 68.7 (63.7-73.6) 42.5-91.6
e ASA III-IV 15.6 (11.5-20.4) 0.0-40.1 16.6 (10.8-21.8) 0.0-50.6
Charnley score (%)
* A 49.3 (43.7-53.9) 23.7-78.2 45.3 (35.6-52.4) 13.1-100.0
e Bl 27.8 (22.9-33.4) 3.6-50.7 33.0 (27.3-40.3) 0.0- 57.8
e B2 20.1 (18.1-22.9) 4.7-28.3 19.4 (16.2-21.5) 0.0-28.0
¢ C 1.9 (1.0-3.3) 0.0-12.2 2.3 (1.1-4.2) 0.0-17.4
Diagnosis (%)
« OA 87.1 (83.5-90.8) 42.2-100.0 96.6 (95.5-97.9) 58.6-100.0
¢ Non-OA 12.9 (9.3-16.5) 0.0-57.8 3.4 (2.1-4.5) 0.0-41.4
1-year revision (%) 1.6 (1.0-2.3) 0.0-7.0 1.1 (0.7-1.6) 0.0-16.7
¢ Infection* 0.3 (0.1-0.8) 0.0-4.5 0.3 (0.1-0.6) 0.0-8.3
* Loosening™* 0.3 (0.1-0.4) 0.0-1.5 0.1 (0.0-0.2) 0.0-1.0
¢ Dislocation™** 0.5 (0.2-0.8) 0.0-2.5
¢ Technical failure**** 0.3 (0.1-0.5) 0.0-8.3

The values under “Median (IQR)” indicate the mean or the percentage of the median hospital. The value under “Range”
indicate the highest or lowest mean or percentage of the hospitals. ASA = American Society of Anaesthesiologists, BMI
= body mass index, IQR = Interquartile range, OA = osteoarthritis, THA = total hip arthroplasty and TKA = total knee
arthroplasty.

*Revision within 1 year because of infection. **Revision within 1 year because of prosthesis loosening; following THA
(acetabulum and/or femur or TKA (femur, tibia and/or patella). ***Revision within 1 year because of dislocation follow-
ing THA only. ****Revision within 1 year because of technical failure (malalignment, instability and/or patella disloca-
tion) following TKA only.
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Figure 1 Funnel-plot of Hospital Variation in 1-year Revisions after THA during 2014-2016.
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Figure 2 Funnel-plot of Hospital Variation in 1-year Revisions after TKA during 2014-2016.
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Hospital variation

Thirteen hospitals performing THA were negative outliers (median O/E ratio, 1.9;
IQR, 1.5-2.5), and 18 hospitals were positive outliers (median O/E ratio, 0.4; IQR,
0.3-0.5) (Fig. 1). Seven hospitals performing TKA were negative outliers (median
O/E ratio, 2.3; IQR, 2.2-2.8), and 14 hospitals were positive outliers (median O/E
ratio, 0.3; IQR, 0.2-0.5) (Fig. 2). Of the 13 negative outliers for THA, 1 hospital was
an outlier in all 3 years, 4 were outliers in 2 years, 6 were outliers in 1 year, and 2 were
not an outlier in any year (Table II). Of the 7 negative outliers for TKA, 2 hospitals
were an outlier in 2 years, 4 hospitals were an outlier in 1 year, and 1 hospital was not
an outlier in any single year (Table III). Some outliers in the 3-year period were not
an outlier in any single year because only slightly more revisions were performed than
expected, causing the difference to become significant only when a lager sample size
was available (e.g., hospital 4) (Table II) or because the low volume of procedures at
that hospital resulted in wider funnel-plot control limits reflecting the smaller sample

size (e.g., hospital 90) (Table II).

Table II Outlier Hospitals with Significantly More Revisions Than Expected Within 1 Year After THA During 2014-
2016 According to Year.

THA outliers (=13 hospitals)

Hospital 2014-2016 2014 2015 2016
O/E (O/E) (O/E) (O/E)

4 1.4

6 1.5 2.1 1.8

9 2.5 2.2 2.6 2.6

13 1.5 1.8

14 1.4 2.3

21 2.1 3.1 1.9

28 1.8 2.3 1.8

33 2.1 2.1 2.6

37 1.6 2.3

52 1.9 2.5

87 2.7 4.9

88 3.3 5.2

920 2.6

Median (IQR) for negative outliers 1.9 (1.5-2.5) 2.3 (2.2-2.5) 2.3 (2.1-2.5) 2.6 (1.8-2.6)

Median (IQR) for non-negative outliers 0.9 (0.5-1.1) 0.8 (0.5-1.2) 0.8 (0.5-1.2) 0.8 (0.4-1.4)

*An O/E-ratio is only provided for negative outliers during the 3-year and 1-year periods. IQR = Interquartile range,
O/E = observed number of revisions within 1 year divided by the expected number of revisions within 1 year based on

patient-mix, and THA = total hip arthroplasty.
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Table IIT Outlier Hospitals with Significantly More Revisions Than Expected Within 1 Year After TKA During 2014-
2016 According to Year.

TKA outliers (7=7 hospitals)

Hospital 2014-2016 2014 2015 2016
O/E (O/E) (O/E) (O/E)

9 2.2 2.4 2.4

35 2.3 3.3

39 2.0

41 2.3 4.0

87 2.8 8.9 3.8

89 2.7 4.7

95 13.3 43.9

Median (IQR) for negative outliers 2.3(2.2-2.8) 23.6(13.5-33.8) 5.7 (4.0-7.3) 3.9 (3.5-4.2)

Median (IQR) for non-negative outliers 0.8 (0.6-1.2) 0.9(0.4-1.6) 0.9 (0.3-1.3) 0.9 (0.5-1.2)

An O/E-ratio is only provided for negative outliers during the 3-year and 1-year periods. IQR = Interquartile range,
O/E = observed number of revisions within 1 year divided by the expected number of revisions within 1 year based on
patient-mix, and TKA = total knee arthroplasty.

Of the 13 negative outliers for THA, 8 hospitals had more revisions for infection
(with the cup and/or stem being replaced in 13% of cases), 4 had more revisions for
dislocation, and 2 had more revisions for prosthesis loosening. Two hospitals had
more revisions for both infection and dislocation. For 1 negative outlier, no specific
indication was found. Four hospitals had more revisions for infection in multiple
years, and 1 hospital had more revisions for dislocation in multiple years (Table IV).
Of the 7 negative outliers for TKA, 2 hospitals had more revisions for infection (with
the tibial and/or femoral component being replaced in 13% of cases), with 1 hospital
having more infections in all single years. Furthermore, 1 hospital had more technical

failures (Table V).

Statistical reliability of ranking (Rankability)

Rankability for overall revision during 2014 to 2016 was 62% (moderate) for THAs
and 46% (low) for TKAs, indicating that 62% of the observed variation for THAs and
46% for TKAs reflect “true” hospital differences rather than random variation. For
THA, the 3-year indication-specific rankabilities were 61% (moderate) for infection,
39% (low) for dislocation, and 32% (low) for loosening. Rankabilities in single years
were low (Table VI). For TKA, these values were 43% (low) for infection, 14% (low)
for technical failures, and 11% (low) for loosening. Rankabilities for single years were

low (Table VI).
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Table VI Rankabilities of 1-Year Revision Rates per Reason for Revision during 2014-2016 According to Year.

1-year reason for revisions 2014-2016 2014 2015 2016
Infection 61% 34% 36% 31%
THA Prosthesis loosening 32% 23% 28% 23%
Dislocation 39% 29% 18% 15%
Infection 43% 28% 19% 39%
TKA Prosthesis loosening 11% 15% 25% 8%
Technical failure 14% 6% 10% 13%

THA = total hip arthroplasty, TKA = total knee arthroplasty.

Discussion

The present study demonstrated large variation in overall 1-year revision rates as well
as indication-specific 1-year revision rates between Dutch hospitals after primary THA
and TKA. For THA, 13 hospitals performed significantly worse than expected and 18
hospitals performed significantly better than expected during 2014-2016. For TKA,
these values were 7 and 14 hospitals, respectively. Eleven of the 13 negative outliers
for THA and 6 of the 7 outliers for TKA were an outlier for 1 or more single years.
When 3 years of data on specific indications were included, worse performance was
identified for 12 of the 13 outlier hospitals for THA and 3 of the 7 outlier hospitals for
TKA, with the specific indications consisting mainly of infection (after both THA and
TKA) as well as dislocation (after THA). These findings are starting points for further
in-depth hospital-based investigations to improve quality of care. When 3 years of
data were used, rankability was moderate for THA and low for TKA. For single years
of data, rankabilities were all low. When 3 years of data on specific indications were
used, rankabilities were low for both THA and TKA, with the exception of infection
after THA, for which rankability was moderate. Therefore, we would recommend
using 3 years of data to reliably rank hospitals on their revision rates and identify areas
for improvement.

Comparison with the literature

Neither hospital variation nor the statistical reliability of ranking hospitals on 1-year
revision rates after primary THA and TKA have been described previously, to our
knowledge. However, hospital variation for other outcomes has been described. U.S.
studies have shown large variation in terms of the rates of complications (range,
1.8% to 9.0%) and blood transfusions (median, 15.9% [IQR, 5.4% to 26.2%]
for THA and 11.0% [IQR, 3.5% to 18.5%] for TKA)(2,9). A Dutch study found
large variation in allogeneic blood transfusions (O/E-ratio range, 0.0-4.4) but also
showed that the reliability of ranking was only 34% for THA and 21% for TKA(6).

101



Chapter 3

Hofstede et al. showed large between-hospital variation in the number of patients
with a prolonged length of hospital stay and the number of acute readmissions after
THA and TKA, with high and low rankability for these outcomes, respectively (16).
For other outcomes and diseases, rankability was mostly moderate at best. Lingsma
et al. found a rankability of 55% for a “poor” outcome after acute brain ischemia,
and Henneman et al. found a rankability of 35% for mortality after colorectal cancer
surgery(11,14). Only for surgical site infection after colectomy was a high rankability
previously found(16). The present study demonstrated moderate rankability for
revision after THA, which seems in line with previous findings.

Strengths and limitations

A strength of the present study is that a large population-based registry with
completeness of >98% was used(21,22). However, low 1-year revision rates make
detection of hospital differences difficult. In addition, low-volume hospitals are more
difficult to monitor compared with high-volume hospitals because they can escape the
outlier status in the funnel plot as a result of the higher uncertainty embedded in their
revision estimates. This is reflected in a large range between upper and lower control
limits for low-volume hospitals (on the left side of the funnel plot), which means
that a higher O/E-ratio is needed to become an outlier compared with high-volume
hospitals (on the right side of funnel plot). However, in this cohort, only 6 hospitals
performed <25 THAs per year and 3 hospitals performed <25 TKAs per year.

The limitations of the present study are that limited patient variables are collected
in registries, causality cannot be proven due to its observational nature, and there
may be underreporting of revisions. However, given the high completeness of the
LROI database for primary and revision procedures (currently exceeding 98% and
96%, respectively), underreporting is unlikely to affect the results(21,22). Only if a
revision were performed abroad would it be missed in the registry. Another limitation
may be underreporting of periprosthetic joint infections as incision and drainage
is not reported when no prosthesis component is exchanged or removed(25,26).
In the Netherlands, the exchange of loose prosthetic components during acute
periprosthetic joint infection became standard care in 2015, which likely resulted in
some underreporting before 2015(27). Limited data on patient characteristics were
available, thereby limiting the possibility of case-mix correction. This factor might
have resulted in overestimation of the differences now attributed to quality of care. For
example, diabetes mellitus or the use of immunosuppressants influence the revision
risk, but data on these factors were not available(28).
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Implementation and further research

Determining hospital variation and detecting outliers seem to be a simple and
efficient way to get insight into hospital performance, provided that this variation
reflects “true” hospital differences with minimal random variation(12,15,29,30).
A categorization for rankability is still arbitrary but is suggested to be good when
>75%(13,14,31,32). Our results showed moderate rankability for THA for both
the overall revision rate (62%) and infection (61%) on the basis of 3 years of data.
For single years, the rankabilities were all low, making these outcomes less useful for
reliably assessing performance in practice.

In 2017, the Dutch Orthopaedic Association started a procedure to detect possible
negative outlier hospitals and to discuss activities to improve care, resulting in a
customized plan of improvement(33). The present study used the same outlier
procedure, while adding indications for revision as a method to direct quality-
improvement initiatives. Most outliers for overall revision were also outliers for a
specific indication for revision, so adding these analyses seems a useful addition to
direct improvement activities. Although part of the variation may be surgeon-related
(e.g., surgical approach), the current approach is likely to provide a broader overview
to improve the quality of care given (e.g., individual surgeons are dependent on their
team to achieve the best outcomes). Furthermore, having more revisions for infection
is likely not surgeon-related but rather is due to antibiotic prophylactic protocol and
implementation, wound-care policy, preoperative preparation of the patient with
chlorhexidine, and so on.

In the future, other outcome measures associated with quality of care after THA and
TKA should be used, such as length of hospital stay, readmissions, and patient-reported
outcome measures, provided that these outcomes have sufficient rankability. The use of
moving periods of 3-year data over time may be useful for follow-up research because
this method reliably examines the outcome over several years. Furthermore, another
option might be to combine outcomes in an ordinal composite measure, which would
improve rankability and thereby the ability to detect “true” hospital differences while
also providing a broader quality-of-care perspective than 1 single indicator(16). In
addition, other methods such as statistical process control techniques may enable
detection of worsening performance sooner and thereby also improve the quality of
care.

103



Chapter 3

Conclusion

Large variation in 1-year revision rates after THA and TKA between Dutch hospitals
was identified. The majority of outliers could be linked to a specific indication for
revision, which gives clear starting points for quality-improvement initiatives. Earlier
detection of worse performance by using a single year of data had low reliability.
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