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Abstract

Background and purpose
Most arthroplasty registers give hospital-specific feedback on revision rates after 
total hip and knee arthroplasties (THA/TKA). However, due to the low number of 
events per hospital, multiple years of data are required to reliably detect worsening 
performance, and any single indicator provides only part of the quality of care 
delivered. Therefore, we developed an ordered composite outcome including revision, 
readmission, complications, and long length-of-stay (LOS) for a more comprehensive 
view on quality of care and assessed the ability to reliably differentiate between 
hospitals in their performance (rankability) with fewer years of data.

Methods
All THA and TKA performed between 2017 and 2019 in 20 Dutch hospitals were 
included. All combinations of the 4 indicators were ranked from best to worst to 
create the ordinal composite outcome for THA and TKA separately. Between-hospital 
variation for the composite outcome was compared with individual indicators 
standardized for case-mix differences, and we calculated the statistical rankability 
using fixed and random effects models.

Results
22,908 THA and 20,423 TKA were included. Between-hospital variation for the THA 
and TKA composite outcomes was larger when compared with revision, readmission 
and complications, and similar to long LOS. Rankabilities for the composite outcomes 
were above 80% even with 1 year of data, meaning that largely true hospital differences 
were detected rather than random variation.

Interpretation
The ordinal composite outcome gives a more comprehensive overview of quality of 
delivered care and can reliably differentiate between hospitals in their performance 
using 1 year of data, thereby allowing earlier introduction of quality improvement 
initiatives.
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Introduction

Traditionally, arthroplasty registries monitor and compare implant survival, with the 
1-year revision rate as an indicator to detect any problems with implants at an early 
stage. In recent years, however, these registry data is increasingly also used to provide 
feedback to hospitals on their outcomes after implant surgery and as an indicator 
for the quality of care compared with other hospitals (1). As quality of care covers 
different domains such as effectiveness, safety, and efficiency, these are measured with 
additional indicators (2). This is acknowledged in a recent Dutch study showing 
that orthopedic surgeons would like to receive feedback not only on revision, but 
also regarding readmission, complications, and length of stay (LOS) for hospital 
comparisons and to monitor the quality of care delivered (3). The rationale is that 
benchmarking and feedback may spur quality improvement initiatives in case of 
suboptimal performance.

Arthroplasty registries primarily provide feedback on single indicators, such as revision 
surgery or mortality, but any single indicator provides an incomplete overview of 
the quality of care (4). Furthermore, comparing hospital performance on multiple 
individual indicators is difficult, because a hospital may have a high score on one 
indicator but a low score on another. Because of these limitations, there is growing 
interest in composite measures, in which multiple relevant indicators are combined 
to provide a more comprehensive overview of delivered quality of care for patients 
when choosing a hospital for treatment, and also increase the number of events to 
make it better suitable for benchmarking hospitals (5-10). The higher number of 
events for composite outcomes increases the accuracy by which hospital performance 
is estimated (lower statistical uncertainty). A previous study showed that 3 years of 
data were needed to reliably differentiate between hospitals for 1-year revisions due 
to the low numbers of events per hospital (4). Therefore, a long time is needed before 
worsening performance is detected reliably, resulting in late action plans to improve 
quality of care. Combining multiple indicators into a composite outcome could help 
to increase the number of events, so that a shorter time period is needed to reliably 
differentiate between hospitals in their performance (6-8,11).

Existing composite outcomes often represent an all-or-none concept, like the 
proportion of patients with all desired indicators realized, also known as Textbook 
Outcome (TO). For orthopedics, 8 related indicators for total hip and knee 
arthroplasty (THA/TKA) were recently combined into such a binomial outcome (5). 
However, all-or-none measures are less informative, as outcome frequencies may vary 
considerably between indicators and frequently occurring outcomes will dominate the 
composite outcome results, a well-known disadvantage from the trial literature (12). 
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These measures are also less useful for quality improvement, as they give equal weight 
to all outcomes and do not provide feedback on where and how to improve, i.e., in 
which of the (combination of ) outcomes, nor will they be very sensitive to monitor the 
effect of targeted initiatives to improve a single outcome (13). An ordinal composite 
measure with all combinations of indicators ranked from best to worst would be 
able to provide such feedback, taking into account possible interrelationships between 
individual indicators and pointing more specifically at where to improve care (7,11).

We therefore developed an ordered composite outcome including 1-year revision, 30-
day readmission, 30-day complications, and upper-quartile LOS, separately for THA 
and TKA. In addition, we compared the statistical reliability of ranking hospitals 
between the composite and individual outcomes, both when including 3 years and 
1 year of data, to assess when hospital differences in performance could be reliably 
detected. 

Methods

Data collection
Anonymous data of all patients undergoing a primary THA or TKA between January 
1, 2017 and December 31, 2019 were included from 20 Dutch hospitals (2 university, 
5 teaching, 7 general, and 6 private hospitals, which reflects the national distribution). 
These hospitals are participating in a randomized controlled trial to test whether an 
intervention consisting of monthly feedback, interactive education, and a toolbox 
with suggested quality improvement initiatives, is effective to result in more initiatives 
undertaken and better patient outcomes (ClinicalTrial.gov). (14) Routinely submitted 
data to the Dutch Arthroplasty Register (LROI) were used to generate feedback, 
supplemented with hospital data on readmissions, complications, and LOS for each 
patient. The LROI-data collection methods and completeness have been described 
previously (4). In summary, data completeness is checked against Hospital Electronic 
Health Records and currently exceeds 98% for primary procedures and 96% for 
revisions (15,16) (LROI website). The hospitals have been given a clear definition for 
each indicator as described below to avoid measurement variability. Less than 9% of 
readmission, complications, and LOS data were missing for both THA and TKA, so 
a composite outcome could not be calculated for 8.7% of THA and 7.9% of TKA 
patients.

Hospital performance indicators
The 1-year revision was calculated based on the primary surgery and revision dates, 
routinely collected in the LROI. Other indicators were calculated based on the index 
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hospitalization when the primary THA or TKA was performed. The indicators were 
defined as:
·	 Revision: Exchange, removal, or addition of any component within 1 year after 

surgery;

·	 Readmission: An admission within 30 days after discharge of the index 
hospitalization;

·	 Complication: An adverse event other than revision and death during the index 
hospitalization or within 30 days after discharge. The most commonly registered 
complications were postoperative bladder retention (13%), hip dislocation (10%), 
and surgical site infection (7%) for THA and postoperative bladder retention 
(17%), wound leakage (8%), and surgical site infection (7%) for TKA;

·	 Long LOS: LOS of the index hospitalization longer than the 75th percentile, 
based on all patients treated, included to also take into account possible hospital 
differences in sensitivity of reporting complications.

All indicators were case-mix adjusted for fair hospital comparison. The following 
patient characteristics are available in the LROI: age, sex, BMI, current smokers (yes/
no), ASA classification (I,II,III-IV), Charnley score (A,B1,B2,C,n/a) and diagnosis 
(osteoarthritis/non-osteoarthritis).

Ordinal composite outcome
To order the individual indicators, an anonymous internet-based questionnaire was 
sent during June-July 2020 using Qualtrics (QualtricsXM, Provo, UT, USA). All 135 
orthopedic surgeons performing THA and/or TKA in the 20 hospitals were asked 
to rank the indicators with the patient’s perspective in mind, from 1 (least severe 
outcome) to 4 (most severe outcome). Reminders were sent 1 and 2 weeks after the 
first invitation, resulting in a response rate of 39%. The final ordering was based 
on the mean number of points assigned per indicator across respondents: 1) long 
LOS (1.1 points); 2) complications (2.5 points); 3) readmission (2.6 points) and 
4) revision (3.9 points). This ordering seems to be supported by previous studies, 
showing that complications during admission (resulting in long LOS) did not affect 
patient’s quality of care evaluation, while complications after discharge (resulting in 
readmission) did, suggesting that patients consider readmissions to be worse than long 
LOS (11,17,18).

All possible combinations of indicators were then ranked from best to worst using 
the above ordering. Patients with a revision were combined into one group to avoid 
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subgroups with few events and because we considered the impact of a revision to be 
higher (19-23). This resulted in the following 9 combinations:
·	 No revision, no readmission, no complications, no long LOS (TO);

·	 No revision, no readmission, no complications, long LOS;

·	 No revision, no readmission, complications, no long LOS;

·	 No revision, no readmission, complications, long LOS;

·	 No revision, readmission, no complications, no long LOS;

·	 No revision, readmission, no complications, long LOS;

·	 No revision, readmission, complications, no long LOS;

·	 No revision, readmission, complications, long LOS;

·	 Revision.

Statistics
Patient characteristics were missing in less than 5% of patients. These were considered 
to be missing at random and imputed using multiple imputations for 10 rounds 
with predictive mean matching as the underlying model. All variables were used as 
predictors, including the outcome variables, but only patient characteristics were 
imputed.

1st, the standardized ordered composite outcome for each hospital was calculated 
using ordinal logistic regression with all patient characteristics and hospital as fixed 
effect independent variables. The coefficient of each hospital was compared to the 
average across all hospitals, and the difference exponentiated to give a proportional 
odds ratio higher or lower than the average, similar to the standardized individual 
indicators.

2nd, the standardized rates for the individual indicators revision, readmission, 
complications, and long LOS were calculated. For each indicator, the expected risk 
for each patient was calculated using logistic regression analysis with all patient 
characteristics as independent variables (excluding hospital) and the indicator (yes/
no) as dependent variable. Summing all patients’ expected probabilities treated in a 
hospital, resulted in the expected number of patients having the indicator for that 
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hospital. The observed number of patients for that indicator was divided by the 
expected number to calculate the standardized indicator (observed/expected) for each 
hospital. 

The between-hospital variation for standardized individual indicators and the 
composite outcome were described using the median and interquartile range (IQR). 
Hospital-level correlations between standardized individual indicators were calculated 
using Pearson correlation coefficients, to indicate to what extent hospital performance 
on individual indicators would point in the same direction or not, and thereby 
the added value of capturing more information in the composite. The strength of 
correlations was defined as: ≤0.35 weak >0.35-0.67 moderate and >0.67 strong (24).

Statistical reliability of  ranking
We examined the reliability of ranking (rankability) hospitals to assess whether 
the composite outcome would more reliably differentiate between hospitals in 
their performance than individual indicators. The rankability is the percentage of 
between-hospital variation (in terms of the indicator) that is due to ‘‘true’’ hospital 
differences as opposed to natural/random (chance) variation due to unexplained 
factors (4,7,11,25-27) and was calculated as previously described (4). In short, the 
between-hospital variation from random effect logistic regression models, was divided 
by the sum of between-hospital and within-hospital variation from fixed-effect logistic 
regression models, both adjusted for case-mix. Rankabilities were calculated for all 10 
imputed datasets and the mean and range were given across datasets. Rankability was 
classified as low (<50%), moderate (50%-75%), or high (>75%) (27). Rankability 
was calculated for single years and 3 years of data to assess whether hospitals can be 
reliably ranked with less data.

All analyses were performed using SPSS version 25 (IBM Corp, Armonk, NY, USA), 
except for rankability analyses for which STATA version 14.2 (StataCorp, College 
Station, TX, USA) was used. 

Ethics, funding, and potential conflict of  interest
The LUMC Medical Ethical Committee waived the need for ethical approval under 
Dutch law (CME, G18.140). PvS received a grant from the Van Rens Foundation 
(VRF2018-001) to perform this study. The authors declare no conflicts of interest.
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Results

22,908 THA and 20,423 TKA procedures were included. Overall patient-level 
revision, readmission, complication, and long LOS rates were lower for TKA than 
THA (Table 1). LOS was not normally distributed making it difficult to create equal 
quartiles, so the closest integer value was chosen resulting in above 4 days defined as 
long LOS for both THA and TKA. This explains the percentage of patients with long 
LOS being considerably smaller than 25%. The mean LOS was 3.3 (sd 2.9) days for 
THA and 3.0 (sd 2.1) for TKA. At hospital level, the number of procedures performed 
varied considerably with a median of 1,188 for THA and 848 for TKA (Table 2). The 
overall patient-level and hospital-level revision rates (Tables 1 and 2) were comparable 
to those observed in all Dutch hospitals of patients operated on between January 2014 
and December 2016 (4).

Table 1 Baseline patient characteristics and indicators after THA and TKA in the period 2017-2019 in 20 Dutch hospitals.

THA (n=22908) TKA (n=20423)
Patient characteristics
 Mean age in years (SD) 69 (10) 68 (8.8)
 Sex, female (%) 14707 (64) 12606 (62)
 BMI (SD) 27 (4.5) 29 (4.8)
 Current Smokers (%) 2395 (11) 1667 (8.4)
 ASA classification (%)
•	ASA I 4113 (18) 2736 (13)
•	ASA II 14533 (63) 13759 (68)
•	ASA III-IV 4259 (19) 3924 (19)
 Charnley score (%)
•	 A 9205 (42) 7529 (37)
•	 B1 7082 (32) 7598 (37)
•	 B2 4984 (23) 4470 (22)
•	 C 711 (3) 722 (4)
 Diagnosis (%)
•	Osteoarthritis 20214 (88) 19723 (97)
•	Non-Osteoarthritis 2669 (12) 697 (3.4)
Indicators
 1-year revision (%) 410 (1.8)* 250 (1.2)**
 30-day readmission (%) 829 (3.9) 633 (3.4)
 30-day complication (%) 1027 (4.5) 620 (3.3)
 Long LOS, upper quartile (%) 2794 (13.3) 2123 (11.4)

*The 1-year revision percentage for THA was 1.8% in the Netherlands during 2014-2016.(4)
**The 1-year revision percentage for TKA was 1.2% in the Netherlands during 2014-2016.(4)
ASA = American Society of Anesthesiologists; BMI = body mass index; LOS = length of stay; SD = standard deviation; 
THA = total hip arthroplasty; TKA = total knee arthroplasty. 
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Table 2 Baseline hospital-level characteristics and indicators for 20 Dutch hospitals performing THA and TKA.

THA (n=20 hospitals) TKA (n=20 hospitals)
Median (IQR) Median (IQR)

Procedures (n) 1188 (623-1630) 848 (593-1552)
Patient characteristics
 Mean age (years) 69 (65-70) 69 (66-70)
 Sex, female (%) 64 (62-65) 63 (59-64)
 Mean BMI 27 (27-27) 30 (29-30)
 Current smokers (%) 11 (9.2-13) 9 (7.3-10)
 ASA classification (%)
•	 ASA I 14 (9.7-23) 9.8 (7.5-19)
•	 ASA II 64 (59-70) 67 (61-72)
•	 ASA III-IV 23 (14-28) 23 (14-31)
 Charnley score (%)
•	 A 43 (37-48) 39 (28-42)
•	 B1 31 (28-34) 34 (32-42)
•	 B2 22 (19-24) 22 (19-25)
•	 C 3.0 (1.2-5.3) 2.5 (1.5-5.6)
 Diagnosis (%)
•	Osteoarthritis 89 (83-93) 97 (95-98)
•	 Non-Osteoarthritis 11 (7.3-17) 3.0 (2.3-5.3)
Indicators
 1-year revision (%)
•	 Standardized

1.7 (0.8-2.7)*
 0.9 (0.6-1.6)

1.3 (0.7-1.7)**
 1.0 (0.7-1.4)

 30-day readmission (%)
•	 Standardized

4.2 (1.8-6.0)
 0.9 (0.4-1.3)

3.8 (1.7-5.5)
 1.0 (0.5-1.4)

 30-day complication (%)
•	 Standardized

3.8 (2.3-5.5)
 0.7 (0.5-1.1)

2.3 (1.0-4.3)
 0.7 (0.3-1.2)

 Long LOS, upper quartile (%)
•	 Standardized

11 (2.2-23)
 0.7 (0.3-1.4)

11 (2.6-21)
 0.9 (0.2-1.4)

The value under ‘’Median (IQR)’’ indicate the mean or the percentage of the median hospital. All standardized indicators 
were adjusted for: age, gender, BMI, current smokers, ASA classification, Charnley score and diagnosis.
*The median percentage on hospital-level for THA was 1.6% (IQR:1.0-2.3) in the Netherlands during 2014-2016;(4)
**The median percentage on hospital-level for TKA was 1.1% (IQR:0.7-1.6) in the Netherlands during 2014-2016;(4)
ASA = American Society of Anesthesiologists; BMI = body mass index; IQR = Interquartile range; THA = total hip 
arthroplasty; TKA = total knee arthroplasty. 

Between-hospital variation of  individual indicators
Hospitals differed considerably in their case-mix (especially ASA-classification and 
diagnosis for THA) and crude indicator outcomes (Table 2). Largest variation was 
found for long LOS (THA: IQR [2.2%-23.4%] TKA: IQR [2.6%-20.9%]) and 
smallest for revision (THA: IQR [0.8%-2.7%] TKA: IQR [0.7%-1.7%]). After 
adjustment for case-mix, considerable variation remained with largest variation for 
long LOS (THA: IQR [0.3-1.4] TKA: IQR [0.2-1.4]) and smallest for complications 
after THA (IQR [0.5-1.1]) (Table 2). 
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Figure 1 Correlation between standardized rates of individual indicators at hospital-level.All indicators were adjusted 
for the following patient characteristics: age, gender, body mass index (BMI), current smokers, American Society 
Anesthesiologists (ASA) classification, Charnley score and diagnosis.
LOS = length of stay.

Relations between individual indicators 
Most individual hospital-level indicators were not related, meaning that hospitals with 
a good performance on one indicator do not necessarily have a good performance on 
another indicator (Figure 1). For THA, only revision rates are moderately correlated 
with readmission rates (r=0.58, p=0.01) and complications with long LOS have a 
strong correlation (r=0.83, p<0.01). For TKA, only complications with long LOS are 
moderately correlated (r=0.64, p<0.01). The ordinal composite outcomes will capture 
these relationships but also add the information captured by unrelated indicators.

Ordinal composite outcome
Figure 2 shows the hospital variation in the composite outcome. The median hospital 
had 18% (IQR [8.4%-28%]) patients without TO for THA and 21% (IQR [7.9%-
25%]) for TKA, both increasing the number of events and between-hospital variation 
compared with the median revision rates of 1.8% (IQR [1.0%-2.8%]) and 1.3% 
(IQR [0.7%-1.7%]) respectively. Among patients with a revision after THA, 50% 
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were readmitted after the index hospitalization, 38% had complication(s), 27% had 
a long LOS, but 25% of the patients had no other indicators (7% missing data). 
Estimates for TKA were 41%, 28%, 17% and 40% respectively (9% missing data). 
The between-hospital variation in the standardized ordinal composite outcome, 
expressed as proportional odds ratios (THA: median 1.0 (IQR:[0.5-1.7]) and TKA: 
1.3 (IQR:[0.4-1.6]) were larger than for revisions, readmissions, complications, and 
similar to long LOS (Table 2 and Figure 2).

Figure 2 Crude ordinal composite outcome distribution per hospital and standardized effect of the hospitals on the 
composite outcome (median and IQR). 
This graphs show the crude outcome distribution per hospital (n=20). The hospitals are numbered on the x-axis. The 
hospitals for TKA were labelled according to their rank for TO in THA’s The standardised odds of the hospital effect 
(median and IQR) were adjusted for the following patient characteristics: age, gender, body mass index (BMI), current 
smokers, American Society Anaesthesiologists (ASA) classification, Charnley score and diagnosis.
IQR = interquartile ranges; TO = Textbook Outcome.

Reliability of  ranking hospitals
Using 3 years of data, hospitals can be reliably ranked as rankabilities were high for 
most individual indicators and the composite outcome (Figure 3), except for the 
moderate rankability for readmission (THA and TKA) and revision (THA) and low 
rankability for revision (TKA). Using single years, rankability was low for revision, 
low to moderate for readmission, moderate to high for complications, and for long 
LOS but consistently high for the composite outcomes.
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Figure 3 Rankabilities of individual indicators and ordinal composite outcomes.
The mean (range) of the rankabilities are described within the graph. The rankability is high when the bar is above the 
green line, moderate when between the red and green line and low when below the red line. 
LOS = length of stay; THA = total hip arthroplasty; TKA = total knee arthroplasty. 

Discussion

We developed an ordered composite outcome including all combinations of 4 relevant 
quality of care indicators to give a more comprehensive overview i.e., not only 
whether patients had a revision, but also whether they were readmitted, experienced 
complications, or had long LOS. Using this composite outcome, quality improvement 
initiatives can be tailored to specific patient groups based on the combination of 
indicators. The between-hospital variation in the composite outcomes was larger 
than for the individual outcomes revision, readmission and complications, and 
similar for long LOS. Statistically, this contributed to a higher rankability (i.e., a 
higher percentage of the variation being due to “true” differences rather than chance). 
The composite outcome was able to reliably differentiate between hospitals in their 
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performance when using only 1 year of data, thereby allowing earlier introduction of 
quality improvement initiatives. The added value of the composite was also supported 
by the lack of hospital-level correlation between many individual indicators, meaning 
that hospital performance may be quite different depending on which indicator is 
being examined whereas these are all included in the composite outcome. It thus 
gives a more comprehensive view on quality of delivered care and is better able to 
differentiate between hospitals in their performance.

Comparison with literature
Compared with 2 previously developed orthopedic composite measures, our measure 
includes revision rather than only short-term indicators, which adds relevant 
information as revision is generally considered a serious adverse event for patients 
and a quality indicator used in arthroplasty registries (5,7). Furthermore, previously 
developed binary measures miss the underlying relations among individual indicators, 
making it unclear on which outcome a hospital needs to improve if performance is 
worse than in other hospitals. The reliability of ranking hospitals on revision using 
3 years of data among these 20 hospitals was similar to previous estimates among 
all Dutch hospitals, where rankabilities of 62% for THA and 42% for TKA were 
reported in 2014-2016, versus 70% and 42% in the present study (4). Similarly, 
another study also reported higher rankabilities for LOS than for readmission using 
single and 3 years of data (7). A higher rankability by combining individual indicators 
into an (ordered) composite outcome was also seen in other studies, meaning that most 
variation reflects true hospital differences rather than merely chance (7,11,28,29). A 
recent simulation study showed that the rankability of an ordinal composite outcome 
depends on the rankability of the more prevalent individual indicator, and the 
extent to which individual indicators making up the composite are correlated within 
hospitals (30). If individual indicators are completely independent, the rankability 
of the composite will often be less than at least 1 individual indicator, whereas it will 
be higher if the within-hospital correlation is at least 0.5. As indicated in Figure 1, 
the within-hospital correlation for several indicators was around or above 0.5 in our 
study, for which the simulations showed higher rankabilities for the composite than 
the individual indicators in 50% of the scenarios. 

Strengths and limitations
Strengths of this study are the limited risk of selection bias and using case-mix adjusted 
rates, because the LROI data includes over 98% of patients and patient characteristics 
have only less than 5% missing values (15,16). Data supplemented by the hospitals 
(i.e., readmission, complications, and LOS) was missing in less than 9%. In addition, 
our approach can be readily applied in other arthroplasty registries that include data 
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on these indicators, or use data linkage with administrative data sources as done in 
the present study (1). 

This study also has some limitations. The generalizability to other countries may be 
limited due to differences in e.g., discharge policies, and availability of resources for 
supporting patients at home, which may result in different estimates and hospital 
variation for readmissions and long LOS (31). However, it seems likely that combining 
indicators in a composite will similarly improve rankability unless indicators would 
have completely different interrelations.(30) 2nd, only 20 of 102 Dutch hospitals 
were included, since hospital readmission, complications, and LOS are not routinely 
collected by the LROI. However, both the average patient-level revision rate and the 
hospital-level variation in revisions were similar to that shown for all hospitals (Tables 
1 and 2) (4) suggesting the sample to be fairly representative although we do not have 
data on the other indicators. 3rd, when readmissions and complications occurred in 
another hospital, these would be missed and result in these rates being underestimated. 
However, as early complications fall within the diagnosis-related group (DRG) paid to 
the hospital performing the primary arthroplasty, it is very likely that patients go back 
to the same hospital. And even if it would occur, it will only influence the relationship 
between indicators if systematically and frequently in some hospitals while not in 
others, which does not seem likely. 4th, all complications were included regardless of 
severity, although this is partly reflected in whether they occur in combination with 
a readmission or merely prolonged LOS. Future research could refine the composite 
outcome including this distinction by severity, but this would also increase the number 
of combinations, potentially making it less useful as feedback.

Implementation
Individual indicators measure one aspect of quality of care, but lack the ability to 
measure the entire chain of delivered quality. One hospital may perform well on one 
indicator (e.g., 1-year revision), while at the same time performing worse on another 
(e.g., 30-day readmission). The composite outcome includes this and may thus help 
patients, for example, if they want to know how often the procedure is going as 
planned for a specific hospital to look at the TO which is still visible. For healthcare 
providers, it provides insight how often combinations of indicators of adverse 
outcome occur (as each patient can only be classified into one of the predetermined 
categories). Furthermore, this also guides which medical records have to be reviewed 
(characterized by the specific combinations of outcomes) to investigate whether care 
can be improved for these patients. For example, hospital 5 and 6 for THA in Figure 2 
had zero long LOS patients, but a relatively high number of readmissions, which may 
indicate that patients were discharged too early. Rather than reviewing the records 
of all readmitted patients in case of a relatively high readmission rate, hospitals can 
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now more selectively review records of readmitted patients with a normal length of 
stay to investigate more specifically whether e.g. information around discharge can be 
improved to ensure adequate patient management at home and avoid readmissions 
because patients can be monitored at the outpatient clinic. Hospital 16 for TKA had 
a relatively high number of patients with a long LOS, but a low number of patients 
with other adverse outcomes, suggesting there may be a delay in transfers or that this 
is caused by other logistical issues that can be addressed. The hospitals 5, 6, 7, 8 and 
10 had many readmissions within 30 days without a complication within 30 days 
recorded, providing insight into whether to improve on reporting completeness or if 
there was no complication, discussing whether the readmission was needed or could 
have been adequately treated at the outpatient clinic, which may improve care. A final 
advantage of the composite outcome is that it prevents ‘‘gaming’’ of the individual 
indicator, e.g., when hospitals receive incentives or penalties when individual indicators 
are too high, because reducing one indicator may increase another if they are related. 
For implementation in registries, they work towards more frequent data submissions, 
preferably monthly rather than annually which currently is often the norm. This is 
needed to allow for near real-time monitoring of indicator outcomes, and so that any 
subsequent improvement actions can be undertaken without delay.

Conclusion

The newly developed ordinal composite outcome provides a more comprehensive 
overview of the quality of care delivered, as it has ordered all combinations of revision, 
readmission, complications and long LOS. This composite outcome more reliably 
differentiates between hospitals in their performance than individual indicators using 
only 1 year of data, thereby allowing earlier introduction of quality improvement 
initiatives targeted to more specific patient groups.
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