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ABSTRACT

Objectives Outcomes in total hip and knee arthroplasty
(THA and TKA), such as allogeneic transfusions or
extended length of stay (LoS), can be used to compare the
performance of hospitals. However, there is much variation
in these outcomes. This study aims to rank hospitals

and to assess hospital differences of two outcomes in
THA and TKA: allogeneic transfusions and extended LoS,
and to additionally identify factors associated with these
differences.

Design Cross-sectional medical record review study.
Setting Data were gathered in 23 Dutch hospitals.
Participants 1163 THA and 986 TKA patient admissions.
Outcomes Hospitals were ranked based on their
observed/expected (O/E) ratios regarding allogeneic
transfusion and extended LoS percentages (extended

LoS was defined by postoperative stay >4 days). To
assess the reliability of these rankings, we calculated
which percentage of the existing variation was based

on differences between hospitals as compared with
random variation (after adjustment for variation in patient
characteristics). Associations between hospital-specific
factors and O/E ratios were used to explore potential
sources of differences.

Results The variation in O/E ratios between hospitals
ranged from 0 to 4.4 for allogeneic transfusion, and from
0.08 to 2.7 for extended LoS. Variation in transfusion
could in 21% be explained by hospital differences in

THA and 34% in TKA. For extended LoS this was 71%

in THA and 78% in TKA. Better performance (low O/E
ratios) in transfusion was associated with more frequent
tranexamic acid (TXA) use in TKA (R=-0.43, p=0.04).
Better performance in extended LoS was associated with
more frequent TXA use in THA (R=-0.45, p=0.03) and TKA
(R=-0.65, p<0.001) and local infiltration analgesia (LIA) in
TKA (R=-0.60, p=0.002).

Conclusions Ranking hospitals based on allogeneic
transfusion is unreliable due to small percentages of
variation explained by hospital differences. Ranking based
on extended LoS is more reliable. Hospitals using TXA and
LIA have relatively fewer patients with transfusions and
extended LoS.

Strengths and limitations of this study

» This study is the first that uses the rankability
concept to assess hospital differences for a blood
management indicator among orthopaedic patients.

» Ranking on outcome indicators should be interpreted
carefully as the ability to assess real hospital
differences is limited in case of a low rankability.

» A possible limitation of this study is that we were not
able to take factors that are difficult to express in a
number into account as potential sources for hospital
differences, for instance: the use of discharge and
rehabilitation protocols of each hospital, the use of
risk assessment tools.

INTRODUCTION

In conditions such as osteoarthritis and
rheumatoid arthritis, total hip arthroplasty
(THA) and total knee arthroplasty (TKA)
are widely accepted treatments and recom-
mended in many guidelines.' > In 2011, up to
160 per 100000 persons received a THA and
119 per 100000 persons received a TKA in
high-income countries.” From several studies
it is known that there is a large variation in
outcomes for THA and TKA between hospi-
tals, such as allogeneic transfusion rates,
length of stay (LoS), readmission rates or
revision rates."” This variation consists of
three components: variation caused by the
mix of patient characteristics present within
a hospital, variation caused by differences
between hospitals and random variation.

In order to gain insight into the differ-
ences between hospitals, rankings are used
to compare hospitals on different outcome
indicators.”"? However, such rankings
are only reliable if they are based on true
hospital differences and with little random
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variation.” ' Therefore, the reliability of ranking

hospitals on specific outcomes should be verified. Reli-
able rankings can be used as a starting point to look for
explanatory factors and consequently to improve the
performance of hospitals." '°

In this study hospitals were ranked on two frequently
used short-term outcome indicators and it was assessed
whether ranking on these outcomes is reliable. The
outcome indicators were allogeneic red blood cell
transfusion percentage and extended LoS in patients
undergoing primary elective THA or TKA.

Although allogeneic transfusions are relatively safe,
transfusion reactions, transmission of diseases and immu-
nomodulatory effects resulting in increased susceptibility
of infections may occur.'” In the Dutch transfusion guide-
line, the following three thresholds were recommended
for adult patients undergoing elective surgery: consider
transfusion if the haemoglobin (Hb) level is <4mmol/L
(6.4g/dL) in healthy adults (American Society of Anesthe-
siologists (ASA) physical status classification 1); consider
transfusion if the Hb level is <5mmol/L (8g/dL) in
ASA 1 patients >60 years and in uncomplicated ASA 2
and ASA 3 patients; consider transfusion if the Hb level
is <6mmol/L (9.6g/dL) in ASA 4 patients, patients who
are not able to increase their cardiac output to compen-
sate for haemodilution, patients with sepsis, patients with
severe pulmonary disease or patients with symptomatic
cerebrovascular disease.'® Ninety per cent of Dutch hospi-
tals reported to use this guideline. The remaining 10%
reported to use the guideline with additional blood
saving techniques or did not have any transfusions.'
Consequently, it seems unlikely that variability in allo-
geneic transfusions between hospitals is explained by
variability in following the guidelines. Therefore, the
allogeneic transfusion rate may be considered as a robust
outcome indicator to judge hospital performance. A low
percentage of allogeneic transfusion is therefore pursued
by both physicians, insurance companies and regulators.”’

Another indicator for good quality of care is the absence
of complications. Given that extended LoS may be caused
by the occurrence of complications, it is thus often used
as an indicator for quality of care.””' Both outcome indi-
cators are used frequently as short-term outcomes for
studies regarding all kinds of interventions in the fields
of patient blood management and joint replacement
research,” " and are used as quality indicators to assess
hospital performance or for cost calculations.” *>~*

To improve a hospitals’ ranking, it is important to
know which factors account for the differences between
hospitals after adjustment for the mix of patients within
a hospital. In the literature, a number of patient charac-
teristics were found to be associated with the outcomes
allogeneic transfusion and LoS such as age, gender, body
mass index (BMI), smoking status, diagnosis, preoper-
ative Hb or ASA classification.™ * In addition to these
patient characteristics a number of hospital-specific
factors, such as the use of blood management tech-
niques,”™ enhanced recovery programmes,” ' the

type of anaesthesia,” " the use of cement in THA,"' the

surgical approach in THA™ and the use of a tourniquet
in TKA,43 * were identified from literature. Association
between these factors and better performance of hospi-
tals give starting points to improve quality of care.

The aim of this study is to rank hospitals based on ‘allo-
geneic transfusions’ and ‘extended LoS’, to assess which
part of the variation in the outcomes ‘allogeneic trans-
fusions” and ‘extended LoS’ is due to true differences
between hospitals and to identify hospital-specific factors
associated with these between-hospital differences in
patients undergoing THA or TKA.

MATERIALS AND METHODS

Study design and setting

In this retrospective study, the medical records of patients
undergoing a primary elective THA or TKA were reviewed.
The used data were gathered for the baseline measure-
ment of the ‘Leiden Implementation Study of Blood
management in hip and knee arthroplasty’ (LISBOA)
trial,”” a cluster randomised trial in which a deimple-
mentation strategy on blood management among THA
and TKA patients was implemented and evaluated. The
LISBOA trial is registered with the Dutch trial register
www.trialregister.nl (ID: NTR4044). Data were gathered
in 23 non-academic Dutch hospitals. A sample of approx-
imately 100 patients in each hospital, undergoing surgery
from May through October 2013, was selected (the first 20
THA/TKA procedures of a month in a 5-month period,
as this was the time frame of the baseline measurement of
the LISBOA trial). Fifteen hospitals were located in the
western urban part of the Netherlands, the other eight
hospitals were located in more rural areas. Included were
9 teaching hospitals, 13 general hospitals and 1 private
clinic. A mean number of 6.2 orthopaedic surgeons were
employed per hospital ranging from 3 to 10 orthopaedic
surgeons. All participating hospitals reported to follow
the Dutch transfusion guideline'®

Population

Patients included in the LISBOA baseline measurement
underwent primary elective THA or TKA and were >18
years. Exclusion criteria consisted of usual exclusion criteria
for elective orthopaedic surgery including patients with a
serious disorder of the coronary, peripheral and/or carotid
arteries, recent myocardial infarction or cerebrovascular
accident in the past 6months, patients with untreated
hypertension (diastolic >95mm Hg), patients with a preg-
nancy, patients with anaemia (Hb <10g/dL) and exclusion
criteria specifically used for this study, including bilateral
surgery (within 6 weeks), patients with a malignancy (except
skin cancer and cured cancer), patients with a coagulation
disorder, patients refusing or with a contraindication for
allogeneic blood transfusions.

Data collection
For each patient admission, the following characteris-
tics were collected: age, gender, preoperative Hb (in g/
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dL), preoperative diagnosis (osteoarthritis, rheumatoid
arthritis or other), BMI (in kg/ m?), smoking status (yes
or no) and ASA classification (1, 2, 3, 4). For each patient
admission data were also collected on treatment factors
determined by the hospital (hospital-specific factors):
type of anaesthesia (general vs locoregional), use of
cement (yes or no), surgical approach in THA (anterior
vs other), use of a tourniquet in TKA (yes or no), use
of preoperative erythropoietin (EPO) (yes or no), intra
or postoperative use of cell salvage system (yes or no),
use of tranexamic acid (TXA) (yes or no), use of local
infiltration analgesia (LIA) (yes or no). These factors can
be seen as patient specific, but the choice to use them is
mainly included in hospital-specific treatment protocols
or selected for most patients within a hospital and were
therefore included as hospital-specific factors.

Finally, the outcomes for each patient admission were
assessed: allogeneic transfusion (yes or no) and postop-
erative LoS (in days, excluding the day of surgery). The
outcome indicator ‘extended LoS’ was defined by the
highest quartile of the LoS among all patients. In both
THA and TKA patients this was >4 postoperative days.

Statistical analyses

The associations of patient characteristics with the alloge-
neic transfusion and extended LoS were tested separately
for THA and TKA. This was done using multivariate
logistic regression models. The included patient char-
acteristic variables were derived from the literature and
included: age, gender, BMI, smoking status, diagnosis,
preoperative Hb or ASA classification.”® *

Hospitals were ranked by using the observed/
expected (O/E) ratio for each hospital and for THA
and TKA patients separately. For this calculation, the
observed outcome was the number of THA or TKA
patient admissions with a transfusion or an extended LoS
within a hospital. The expected outcome was the sum of
all patients’ expected probabilities for either a transfu-
sion or extended LoS, adjusted for patient characteristics
calculated using a multivariate logistic regression model,
fitted on the data of all included hospitals and including
all patient characteristic variables.

The observed outcome was divided by the expected
outcome resulting in an O/E ratio per hospital. For each
hospital, the 95% CIs of the O/E ratio were calculated
with the Mid-P exact test for Poisson variates.'” For an
average performing hospital, the observed outcome will
equal the expected outcome, resulting in an O/E ratio of
1. Hospitals with an O/E ratio significantly <1 (including
its 95% CI) have significantly fewer events and are there-
fore performing better than average (positive outliers).
Similarly, hospitals with an O/E ratio significantly >1 are
performing worse than average (negative outliers).

Second, we assessed which part of the variation in the
outcomes ‘allogeneic transfusion’ and ‘extended LoS’ was
due to true hospital differences and which part was due to
random variation (after adjustment for patient character-
istics). This was done by calculating the rankability as an

indicator of the reliability of ranking.'” This rankability
is defined as the between-hospital variation divided by
the sum of the between-hospital variation and the with-
in-hospital variation. The between-hospital variation was
estimated using the heterogeneity from the random effects
logistic regression model in which hospitals were included
as random factor and all patient characteristic variables
mentioned above as fixed factors. The within-hospital vari-
ation was estimated using a fixed effects logistic regression
model, including dummy variables for hospital and all
patient characteristic variables as fixed factors. The median
squared SE of the coefficient for the hospital variable was
used to estimate the within-hospital variation.'”

The rankability for a particular outcome indicator is
expressed as a percentage. High rankability means that
a large percentage of the variation is explained by true
hospital differences. Rankability increases if the effect of
being treated in a hospital can be estimated more precisely
(less within-hospital variation) and if the differences
between hospitals are larger (more between-hospital vari-
ation). Rankability in general will be lower for outcomes
with lower event rates as this is usually estimated with
lower precision. So within-hospital variation is likely to be
larger thereby making it harder to detect between-hos-
pital differences and resulting in lower rankability.

Finally, to explore which hospital factors may be asso-
ciated with better performance of a hospital (lower O/E
ratio) on the two outcome indicators, and thereby explain
part of the true hospital differences, we calculated Pear-
son’s pairwise correlation coefficients (R) between a
hospital factor (percentage of patients exposed to the
factor) and the hospital O/E ratio. Before calculating the
correlation coefficients the data were visually checked for
non-linearity by using scatter plots. The following factors
were explored: type of anaesthesia, use of cement in
THA, surgical approach in THA, use of a tourniquet in
TKA, use of preoperative EPO, use of cell salvage, use of
TXA, use of LIA.

p Values <0.05 were considered significant in all analyses.

The Medical Ethical Committee of the Leiden Univer-
sity Medical Center decided that ethical approval was not
required under Dutch National law (CME 13/132). The
gathering of patient data is conducted in compliance with
the Good Clinical Practices protocol.

RESULTS

In total, the records of 1163 admissions of patients
undergoing THA and 986 admissions of patients under-
going TKA were reviewed in 23 hospitals. Table 1 shows
the distribution of patient characteristics and outcomes
between hospitals. The number of total patient admis-
sions per hospital ranged from 64 to 100 with a median of
97 (with a median of 51 THA and 42 TKA per hospital).
The percentage of patient admissions requiring trans-
fusion varied between hospitals from 1.9% to 26.1% in
THA and from 0.0% to 29.2% in TKA (table 1). The
percentage of patient admissions with extended hospital
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Table 1 Distribution of patient characteristics and outcomes in participating hospitals
THA (n=23 hospitals) TKA (n=23 hospitals)
Median Range Median Range
Mean age (years) 69.2 64.9-74.6 69.5 66.5-73.7
Gender, female 64.7% 56.1%-76.9% 68.6% 54.8%-81.8%
Mean BMI (kg/m?) 27.4 25.9-28.7 30.0 28.6-31.3
Smoking 12.9% 8.1%-21.3% 8.8% 6.3%-8.0%
ASA classification
ASA 1 19.6% 10.5%-38.2% 14.0% 5.4%-29.2%
ASA 2 64.8% 51.6%-86.0% 65.3% 47.9%-87.8%
ASA 3 13.0% 0.0%-29.0% 16.7% 2.4%-29.7%
ASA 4* 0% - 0% 0.0%-2.9%
Mean preoperative Hb (g/dL) 13.8 13.4-14.2 13.9 13.4-14.2
Diagnosis
OA/RA 93.6% 87.0%-98.3% 97.6% 87.5%-100%
Other 6.4% 1.7%-13.0% 0% 0.0%-12.5%
Allogeneic blood transfusion 7.0% 1.9%-26.1% 4.1% 0.0%-29.2%
Mean LoS (days) 4.2 2.1-5.4 4.0 2.3-6.5
Extended LoS (>4 days) 24.5% 1.9%-44.4% 22.0% 2.0%-62.5%

The value (either mean or percentage) of the median hospital and range between hospitals are shown.
*In all further analyses, ASA 3 and ASA 4 are combined due to the small number of ASA 4 patients (n=2).
ASA, American Society of Anesthesiologists; BMI, body mass index; Hb, haemoglobin; LoS, length of stay; OA, osteoarthritis; RA, rheumatoid

arthritis; THA, total hip arthroplasty; TKA, total knee arthroplasty.

stay (>4 postoperative days) ranged from 1.9% to 44.4%
in THA and from 2.0% to 62.5% in patients with TKA
between hospitals (table 1).

The impact of the different patient characteristic vari-
ables on the outcome indicators is shown separately for
THA and TKA in online supplementary appendix 1. Each
patient characteristic was significantly associated with at
least one of the outcome indicators in either THA or TKA
except for smoking.

Variation between hospitals

All included hospitals were ranked based on their O/E
ratios (figures 1 and 2 for allogeneic transfusion and
figures 3 and 4 for extended LoS). Each hospital is repre-
sented by the same letter across figures. The O/E ratios
between hospitals ranged from 0 to 4.4 for transfusions
(figure 1 for THA and figure 2 for TKA) and from 0.08 to
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Figure 1 Observed/Expected ranking of hospitals based on
allogeneic transfusion in total hip arthroplasty, adjusted for
patient characteristics. Each hospital is marked by a letter
corresponding to the same hospital across figures. Square
dots indicate negative outlier hospitals.

2.7 for extended LoS (figure 3 for THA and figure 4 for
TKA). Three hospitals were identified as negative outliers
with significantly more transfusions than expected in both
THA and TKA (hospitals V and W in THA, figure 1, and
hospitals V, K and T in TKA, figure 2). For extended LoS
after THA, three hospitals were positive outliers (hospi-
tals A, C and O) and three hospitals were negative outliers
(hospitals V, B and G) (figure 3). For extended LoS after
TKA, five hospitals were positive outliers (hospitals N,
A, C, J and R) and five hospitals were negative outliers
(hospitals V, E, P, Kand T) (figure 4).

"
5)

O B N W A UV O N ® W

BESEREREEA

S WA PR CMH LN J DOBEOQOGUFM I VKT

Figure 2 Observed/Expected ranking of hospitals based on
allogeneic transfusion in total knee arthroplasty, adjusted for
patient characteristics. Each hospital is marked by a letter
corresponding to the same hospital across figures. Square
dots indicate negative outlier hospitals.

4

Vooorn VMA, et al. BMJ Open 2017;7:014143. doi:10.1136/bmjopen-2016-014143


https://dx.doi.org/10.1136/bmjopen-2016-014143

8 Open Access

5

45

a
35

2,: ‘ I
| ! |
. ] i \ J ’ l !
wo b b

o

: \
|
|

J N F E W L M P I K S D H V T Q B G

Figure 3 Observed/Expected ranking of hospitals based

on extended length of stay in total hip arthroplasty (>4 days)
adjusted for patient characteristics. Each hospital is marked
by a letter corresponding to the same hospital across figures.
Triangle dots indicate positive outlier hospitals, square dots
indicate negative outlier hospitals.

Reliability of ranking

The rankability, to assess the reliability of ranking, is shown
in online supplementary appendix 2. The rankability
allogeneic transfusion after THA was 21%, meaning that
21% of the observed differences in transfusions are true
hospital differences and 79% is random variation (due
to chance). Rankability of allogeneic transfusion after
TKA is 34%. Rankability of percentage of patients with
extended LoS is higher, 71% for THA and 78% for TKA
so that the majority of the observed variation are true
differences.

Possible explanatory factors for hospital performance

To explore which hospital factors could be associated
with outcomes, we calculated the correlation coefficients
(R) between hospital-specific factors and O/E ratios
(table 2). In THA patients, more frequent use of TXA
within a hospital was associated with a lower O/E ratio
(which might indicate better performance) for extended
LoS (R=-0.45, p=0.03). In TKA, more frequent TXA
use was significantly associated with both a lower allo-
geneic transfusion percentage than expected (R=-0.43,
p=0.04) and fewer patients with extended LoS (R=-0.65,
p<0.001). In addition, more frequent use of LIA in TKA
patients was associated with fewer patients with extended
LoS (R=-0.60, p=0.002). No other factors were identified
to be associated with hospital performance.
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Figure 4 Observed/Expected ranking of hospitals based on
extended length of stay in total knee arthroplasty (>4 days)
adjusted for patient characteristics. Each hospital is marked
by a letter corresponding to the same hospital across figures.
Triangle dots indicate positive outlier hospitals, square dots
indicate negative outlier hospitals.

DISCUSSION

This study has shown that the reliability of ranking
hospitals on differences in their allogeneic transfusion
percentage is low, especially for THA in which 21% of the
variation between hospitals reflects true differences, but
also for TKA (34%). The reliability of ranking hospitals
based on differences in extended LoS is better (71% in
THA and 78% in TKA) compared with allogeneic transfu-
sion percentages. Thus, this indicator is more suitable for
ranking hospitals. Hospitals using TXA more frequently
have fewer patients with extended LoS in both THA and
TKA and fewer allogeneic transfusions in TKA patients.
Furthermore, hospitals in which LIA is used more
frequently also have fewer patients with extended LoS in
TKA.

Ranking seems to be a simple and pragmatic way to
get insight into variation between hospitals. However,
ranking on outcome indicators should be interpreted
carefully as the ability to assess real hospital differences
is limited in case of a low rankability. This study is the
first that uses the rankability concept, as introduced
by Van Houwelingen et al'’ for a blood management
indicator among orthopaedic patients. A cut-off point
for the rankability to indicate whether an indicator is
reliable does not exist. Lingsma et al'® suggest that rank-
ability >70% is fair to rank hospitals. van Dishoeck et al'”
use the same categorisation as the I of heterogeneity
in meta-analyses, which is similar in nature to the
rankability measure. This categorisation assigned low,
moderate and high to the I* values 25%, 50% and
75%." With the latter categorisation the rankability of
our outcome indicators is low for allogeneic transfu-
sion and moderate to high for extended LoS. Following
these suggestions, ranking hospitals based on alloge-
neic transfusion percentages should not be pursued as
it is too unreliable, and this outcome indicator should
therefore be preserved for individual monitoring and
quality improvement purposes. Ranking based on
percentage extended LoS is more reliable. However,
any categorisation of rankability is still considered arbi-
trary as already pointed out by others."” **

Furthermore, caution is needed regarding the interpre-
tation of O/E ranking and rankability. The O/E statistic
will in theory show how much the number of events
in a hospital differs from an idealised or fictive value
based on the patient characteristics of that hospital. As
such it expresses the magnitude of differences between
hospitals and can be used to rank the hospitals. The rank-
ability quantifies the reliability of ranking. However, the
exact statistical properties and sensitivity for underlying
between-hospital differences of both measures should be
investigated in further research.

A possible limitation may be lack of power given the
number of patients included per hospital in this study.
However, given the observed average transfusion rate of 7%
for THA and median number of 51 patients per hospital,
identifying a 14% transfusion rate with 80% power and
95% reliability would require 18 hospitals (assuming an
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Table 2 Correlation coefficients between hospital factor and outcomes in THA and TKA adjusted for patient characteristics

R (p value) R (p value) R (p value) R (p value)
allogeneic extended LoS in allogeneic extended LoS in
Hospital factor transfusion in THA THA transfusion in TKA TKA
Preoperative EPO (if Hb <13.0g/dL) -0.27 (0.21) —-0.10 (0.64) —0.10 (0.66) —0.10 (0.66)
General anaesthesia (vs regional) —-0.24 (0.24) —-0.01 (0.97) 0.22 (0.30) —0.01 (0.95)
Use of LIA —-0.12 (0.59) -0.27 (0.21) —-0.30 (0.15) —0.60 (0.002)
Use of tranexamic acid -0.14 (0.53) -0.45 (0.03) -0.43 (0.04) -0.65 (<0.001)
Use of a tourniquet - - —-0.21 (0.34) -0.20 (0.36)
Minimal invasive anterior approach -0.04 (0.86) -0.00 (1.0) - -
(vs lateral/posterolateral approach)
Cemented acetabulum -0.32 (0.14) -0.22 (0.31) - -
Cemented femur -0.34 (0.11) -0.23 (0.28) - -
Cell salvage system —-0.24 (0.28) -0.18 (0.42) -0.11 (0.61) 0.18 (0.42)

EPO, erythropoietin; Hb, haemoglobin; LIA, local infiltration analgesia; LoS, length of stay; THA, total hip arthroplasty; TKA, total knee

arthroplasty.

intraclass correlation of 0.01). Such a difference is small
in the total range that we report (from 1.9% to 26.1%, see
table 1) and we have data from more hospitals, so that is
likely that the number of THA patients has been sufficient.
Similarly for TKA with a median number of 42 patients per
hospital, we would be able to identify a difference between
4% and 10% with 20 hospitals. For LoS, the range between
hospitals was even larger. Therefore, we think it is not likely
that a lack of power has been a major problem in identi-
fying between-hospital differences.

The observed variation between hospitals may be deter-
mined by a different general perioperative policy between
hospitals, different surgical techniques and treatment
protocols and, in the case of allogeneic transfusion, by
different blood management strategies. We tried to iden-
tify specific hospital factors that are associated with better
or worse performance on allogeneic transfusion and
extended LoS. A higher percentage of patients treated
with TXA or LIA is associated with better performing
hospitals on extended LoS and allogeneic transfusion.
The use of TXA and LIA is frequently incorporated in
broader programmes such as ‘enhanced recovery’ or
“fast track,”™ *’ which are developed to optimise care and
reduce LoS, so this may be part of the explanation of the
associations found.

A second limitation of this study is that we were not
able to measure in which individual patients ‘enhanced
recovery’ or ‘fast track’ protocols were used. However, we
did measure the use of LIA and TXA, which are frequently
part of these protocols. In addition, other factors that
possibly contribute to the differences between hospitals,
that are difficult to express in a number, were not taken
into account in this study. For instance: the discharge and
rehabilitation protocols of each hospital, regional differ-
ences, differences in the amount of complex cases, the
use of risk assessment tools, the effect of resident partici-
pation or the use of dedicated operating rooms’' ™ were
not included.

In future research, other outcome indicators that are
both relevant for clinical practice and reliable for rank-
ings should be identified. Frequently used outcomes
such as infection rate, 30-day readmission rate and revi-
sion rate should be tested whether these are reliable
enough to make valid between-hospital rankings. Option-
ally, outcome indicators could be combined to increase
the rankability (eg, extended LoS with readmission).
In general, outcomes with low event rates will be esti-
mated with larger imprecision and thus larger within
and between-hospital variation, mostly resulting in low
rankability. Therefore, it seems better to pursue outcome
indicators with sufficient numbers of events. In addition,
the identification and implementation of hospital-spe-
cific factors associated with better performance should be
further expanded to improve performance of hospitals
and to increase quality of care for the patients.
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