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ABSTRACT

Objective To illustrate the development and use of
standardised mortality rates (SMRs) as a trigger for quality
improvement in a network of 27 hospitals.

Design This research was a retrospective observational
study. The primary outcome was in-hospital mortality.
SMRs were calculated for All Patient Refined—
Diagnosis-Related Groups (APR-DRGs) that reflect 80%
of the Flemish hospital network mortality. Hospital
mortality was modelled using logistic regression. The
metrics were communicated to the member hospitals
using a custom-made R-Shiny web application showing
results at the level of the hospital, patient groups and
individual patients. Experiences with the metric and
strategies for improvement were shared in chief medical
officer meetings organised by the Flemish hospital
network.

Setting 27 Belgian hospitals.

Participants 1 198 717 hospital admissions for
registration years 2009-2016.

Results Patient gender, age, comorbidity as well as
admission source and type were important predictors of
mortality. Altogether the SMR models had a C-statistic

of 88%, indicating good discriminatory capability. Seven
out of ten APR-DRGs with the highest percentage of
hospitals statistically significantly deviating from the
benchmark involved malignancy. The custom-built web
application and the trusted environment of the Flemish
hospital network created an interoperable strategy to get
to work with SMR findings. Use of the web application
increased over time, with peaks before and after key
discussion meetings within the Flemish hospital network.
A concomitant reduction in crude mortality for the
selected APR-DRGs from 6.7% in 2009 to 5.9% in 2016
was observed.

Conclusions This study reported on the phased
approach for introducing SMR reporting to trigger quality
improvement. Prerequisites for the successful use of
quality metrics in hospital benchmarks are a collaborative
approach based on trust among the participants and a
reporting platform that allows stakeholders to interpret and
analyse the results at multiple levels.
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Strengths and limitations of this study

» Building on a long tradition of using hospital dis-
charge datasets for financing mechanisms, this
is the first study in Belgium illustrating the poten-
tial value of these data for collaborative quality
improvement.

» Our standardised mortality ratio model showed good
discriminatory capability, overall as well as for the
included All Patient Refined—Diagnosis-Related
Groups (APR-DRGs) separately.

» We custom built a web application to streamline
the process from knowledge creation to knowledge
sharing.

» While our models include APR-DRGs that account for
about 80% of hospital mortality, these only reflect
30% of hospital stays, implying that caution is war-
ranted when drawing conclusions about quality of
care at the hospital level.

» To allow fair comparisons across hospitals, analy-
ses will need to include postdischarge mortality,
increased attention to readmission rates, close
follow-up of palliative coding and disease-specific
refinement of patient-mix adjustment.

INTRODUCTION

Identifying, monitoring and explaining vari-
ation in patient mortality is an intuitively
appealing strategy for hospitals to increase
insight into the quality of care delivered to
their patients. Standardised mortality rates
(SMRs) and hospital standardised mortality
ratio (HSMR) are performance metrics that
are used in health systems across the globe
to make inferences about mortality. HSMR
originated in the UK almost two decades
ago.! This relatively simple expression of
observed (ie, crude mortality) over expected
mortality adjusted for differences in patient
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mix has shown that variation in mortality across hospitals
is substantial and persists over time.

Researchers in North America, Europe and Asia have
reported statistically and clinically relevant decreases in
HSMRs. In the Netherlands, a decrease in crude mortality
and a constant decreasing trend of 8% in HSMR per year
was noticed between 2003 and 2005, while the relative
position of hospitals remained stable over the years.”
In Canada, where HSMR findings are publicly reported
nationwide since 2007,” a 22% decrease in HSMR was
observed between years 2006 and 2007 and 2012 and
2013. In the same period, crude mortality declined from
8.7% to 7.3%." Similar observations were made in other
countries.”™

All authors from the above-mentioned studies fairly
concluded that these decreases might reflect improve-
ments in the quality of care, but at least in some part
could be explained by changes in coding whether or not
reflecting adverse behaviour to manipulate the system.
For example, in countries like Canada®® and the UK’
where palliative coding is accounted for in the HSMR
modelling, frequency of palliative care coding has been
reported to be increasing over time. The HSMR meth-
odology and the publication of HSMR in the form of
league tables'’ or in formats that intuitively make the user
compare individual hospitals have been extensively criti-
cised.""™ As a consequence, other statistical approaches
were tested but did not provide better solutions for exam-
ining variation in hospital mortality."*

Such extensive methodological discussions about
fair comparisons of hospital mortality are necessary to
obtain an acceptable and meaningful indicator of quality
of care. At the same time however, several large studies
have found that there remains an undeniably large and
unexplained variation in risk-adjusted hospital mortality
between and within countries, and patient safety experts
have called for national and international strategies to
urgently tackle this variation.'™

In Flanders, Belgium, the Flemish hospital network KU
Leuven (further referred as ‘the Flemish hospital network’),
a notfor-profit association of 27 hospitals that aims to
optimise quality and efficiency of patient care, embraced
SMR as one approach to measure and compare quality of
care among its members. SMR, like HSMR, is an expres-
sion of observed over expected patient-mix adjusted
mortality, but for a homogenous patient group in terms
of pathology. The Flemish hospital network acknowledged
the known methodological issues regarding HSMR
and SMR methodology and developed SMR models
and a reporting framework enabling full transparency
regarding the properties of the statistical model. This is
facilitated by an easy to use web-accessible graphical user
interface that can be further customised to include other
quality or hospital performance indicators.

The purpose of this study is twofold. First, we describe
methodological aspects regarding the calculation of
the SMR using routinely collected hospital administra-
tive data in Flanders, Belgium. Second, we illustrate

the implementation and application of a userfriendly
web-based tool that supports a collaborative approach
for chief medical officers (CMOs), clinicians and hospital
management to study in detail their position to the refer-
ence population for the included SMRs. In addition, we
illustrate that SMR reporting within a trusted collabo-
rative environment could trigger awareness and quality
improvement initiatives and might be helpful to under-
stand and potentially lower in-hospital mortality rates.

METHODS AND ANALYSIS

Data collection

In Belgium, the data registered in the hospital discharge
datasets (HDDs) are delivered every semester to the
federal health authorities passing extensive quality
checks. The Flemish hospital network members agreed
to benchmark these data to share insights on hospital
performance and quality of care. For this purpose, HDDs
are securely sent to the central data management unit of
the network and stored on a server with limited access. All
analyses and the used methodology are shared with the
members of the Flemish hospital network on a secure online
platform. Written consent for these analyses was obtained
from all members. All patient identifiers were pseudony-
mised and data were processed in accordance with article
6 of the General Data Protection Regulation (European
Regulation 2016/679) as Belgian hospitals have legal obli-
gation to support quality-of-care improvement initiatives.

Data validity, inclusion and exclusion criteria

The current study includes discharge data from 27 hospi-
tals (26 regional and 1 academic hospital) for discharge
years 2009-2016, with the exception of 2015 when the
registration of International Classification of Diseases
10—Clinical Modification (ICD10-CM) diagnoses was
not mandatory in Belgium. The Flemish hospital network
members receive a data validation report containing
descriptive feedback which allows each hospital to
check the data that were submitted. The All Patient
Refined—Diagnosis-Related Groups (APR-DRG) 31.0
(83M) grouping system was used to group hospital stays in
homogenous groups. All hospitalised stays from general
care hospitals were included in the analyses, with the
exclusion of psychiatric stays and admissions grouped
within APR-DRGs 950, 951, 952, 953, 954, 955, 956 and
APR-Major Diagnostic Categories (MDCs) 14, 15, 22,
24, SS, hereafter referred to as excluded pathology groups
(online supplementary table 1). These were identified by
an expert panel of CMOs of the Flemish hospital network.
Reasons for exclusion were irrelevance of the pathology
for hospital mortality, vague description of APR-DRGs or
APR-DRG’s with ungroupable hospital stays. For hospital
stays prior to 2015, diagnoses and procedures were coded
in ICD-9-CM. Starting from 2016, coding was done in
ICD-10-CM. Sixty-one APR-DRGs that accounted for
80% of the in-hospital mortality in the Flemish hospital
network were retained (figure 1).!
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27 Hospitals
3,934,934 Admissions
97,993 Deceased
Exclusion of non acute
hospitals and
psychiatric stays
3,823,435 Admissions
97,917 Deceased
Exclusion of specific
APR-DRG/MDC
3,301,198 Admissions
94,668 Deceased
Selection of APR-DRG
that contain 80% of
network mortality
1,198,717 Admissions
75,657 Deceased
Figure 1 Inclusion criteria and selection of All Patient

Refined —Diagnosis-Related Groups (APR-DRG). The hospital
discharge sets contained information on 3.9 million hospital
stays for 7 years for 27 hospitals. Psychiatric stays and
hospital stays in non-acute hospitals were excluded. Specific
APR-DRGs and APR-Major Diagnostic Categories (MDCs)
(excluded pathology groups, online supplementary table 1)
were excluded. From this dataset, APR-DRGs were selected
that contributed most to 80% of the mortality. These selected
APR-DRGs represent 36% of the hospital admissions (after
the exclusion of excluded pathology groups and psychiatric
stays).

Statistical analyses

The methodology developed by Jarman et al' was used to
calculate a mortality benchmark per APR-DRG, SMR, for
the participating hospitals. SMR is the expression of the
observed mortality over the expected mortality. The latter
is calculated by a logistic regression model with mortality
as dependent variable and gender, age, comorbidity,
admission source, admission type and discharge year as
independent variables. Age was categorised as 10-year
age bands which were, for each APR-DRG, grouped to
contain at least 10 deaths to ensure a minimum number
of events in each category. The Elixhauser Comorbidity
Score was calculated according to international stan-
dards®® and included as a continuous variable. In brief,
the comorbidity score is the result of the sum of weighted
coefficients of a separate logistic regression for mortality
with 30 binary comorbidities as covariates. The delinea-
tion of each of the 30 comorbidities was accomplished
using the ICD-9-CM and ICD-10-CM mappings of the

Agency for Healthcare Research and Quality.*' ** Admis-
sion source was categorised as follows: ‘Nursing home’,
‘Other hospital’, ‘Home’ or ‘On the road’. Admission
type was defined as ‘Emergency’ or ‘Elective’. Discharge
year was coded as a categorical variable (2009-2016).

The logistic regression procedure was employed with
automated backward variable selection to estimate SMRs.
For each of the selected APR-DRGs, the deletion crite-
rion was set at 0i=0.10 to prevent the unwanted deletion
of relevant variables. As an internal validation, a leave-
one-out cross-validation procedure was used. The C-sta-
tistics (a global assessment of model fit) depicted in
online supplementary table 2, were calculated using these
cross-validated values.” CIs (95%) were calculated using
Byar’s approximation. The data analysis was generated
using SAS software, V.9.4 of the SAS System for Windows.

To identify APR-DRG with large interhospital differ-
ences in SMR, we calculated for each SMR the percentage
of hospitals for whom their ratio of expected versus
observed mortality signalled deviation from the bench-
mark. This was defined as a hospital’s 95% CI excluding
1, which is the value for the number of observed deaths
equalling the number of expected deaths.

The evolution in HSMR (SMR aggregated per hospital)
over the seven discharge years was analysed for homo-
geneity of variance and differences between discharge
years were statistically evaluated. This analysis was gener-
ated using the SAS Generalized Linear Mixed Models
(GLIMMIX) procedure.

Development of an online platform

An online reporting platform was developed by the
Management Information & Reporting Department of
University Hospitals Leuven using a performant database
system and R/Shiny technology.17 The output from the
logistic regression models is formatted and stored on a
password-protected SQL Server database (Microsoft SQL
Server 2014).

The R/Shiny package'” is an open-source technology
which allows to integrate the graphical and analytical
capabilities of the R language to be used in a web appli-
cation. This fits with the requirements for the web appli-
cation set by the Flemish hospital network and has been
used in other healthcare applications.”* The workflow
prior to publishing the web application entails querying
the data and precalculating and aggregating the data in
data slices. Each data slice contains the data needed to
visualise the various graphs and are relatively small in size,
increasing the speed of browsing the web application.
The R datasets containing the data slices and the Shiny
application files are stored on a Shiny server.” All figures
were prepared in R V.3.4.1%° using the Tidyverse package.

An illustrative video regarding the use of the online
platform is available as online supplementary video
(online supplementary video 1). To enable CMOs,
hospital managers and clinicians to benchmark SMRs
in the Flemish hospital network, different visualisations
were designed (online supplementary figure 1). The
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MDC-DRG grid (online supplementary figure 1 panel
A) provides a quick overview on the performance of the
hospital for each of the 61 included APR-DRGs. The user
can navigate using this grid to each of the APR-DRGs
where the hospital benchmark graphs are depicted in the
form of funnel plots, bar charts and trend graphs (online
supplementary figure 1 panels B, C and D). In all figures,
a red colour indicates a significantly elevated SMR, a
blue colour indicates an SMR that falls within the 95%
confidence limits and a green colour indicates a signifi-
cantly lowered SMR. In addition, this information is also
available in a tabular format. For each pathology group,
the model coefficients, Receiver operating characteristic
curve and model fit statistics are provided, enabling full
transparency regarding the modelling approach, the
predictive value of the model and the variance explained
by the model (online supplementary figure 1 panels E
and F). This allows the user to understand the expected
mortality for individual hospital stays (online supplemen-
tary figure 1 panel G).

Patient and public involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved
in developing plans for implementation of the study, or
were they asked to advise on interpretation or writing up
of results. This research reflects a key step in developing
system-level (hospital, medical unit, care programme)
interventions whereby patients benefit through improved
quality of care. Study results and the use of the online
platform will be presented at local symposia and confer-
ences that are attended by patients, patient advocates,
healthcare providers and the broader community.

RESULTS

Calculation of standardised mortality ratios

In total, 1 198 717 hospital stays were included for fitting
the models for 61 APR-DRGs (figure 1). This selection
contains 30% of the total Flemish hospital network popu-
lation, 77% of the Flemish hospital network mortality and
80% of the Flemish hospital network mortality after the
exclusion of psychiatric stays and the excluded pathology
groups (online supplementary table 1).

Crude mortality increased with increasing age group.
Likewise, crude mortality rates were higher for patients
with higher comorbidity scores. The majority of the
included hospital deaths were emergency admissions
(7.8%), and elective admissions had lower mortality
rates (3.2%) table 1). Higher crude mortality rates were
observed for patients originating from nursing homes
(16%) and other hospitals (12%), compared with
patients coming from home (6%) (table 1). Average
crude hospital mortality for the selected patient groups
(figure 1) ranged from 4.9% to 8.6% across hospitals and
from 0.7% (249—non-bacterial gastroenteritis, nausea and
vomiting) to 81% (196—cardiac arrest) in the included
APR-DRGs (online supplementary table 2).

The overall C-statistic of the SMR-models was 88%. The
C-statistic ranged from 64% to 93% across models, with
52 of 61 models having a C-statistic higher than 70%.

Per APR-DRG one logistic regression model was fitted
and predictors are listed in online supplementary table
2. All models included age, 31 models included gender,
48 models included admission type, 58 models included
the comorbidity score and 57 models included admission
source.

The direction of the effects of different covariates was
not always consistent. For example, in general, men had
a higher odds of dying in a hospital; however, this was
not true for APR-DRG 045—Cerebral Vascular Accident and
Precerebral Occlusion with infarct, 174—~Percutaneous Cardio-
vascular Procedures With Ami and 279—Hepatic Coma and
Other Major Acute Liver Disorders. Similarly, patients origi-
nating from another care setting usually have increased
odds of dying. The odds of dying increased when a patient
originated from a nursing home or was transferred from
another hospital versus a patient coming from home.
However, in two APR-DRGs, 281 Malignancy Of Hepatobi-
liary System and Pancreas and 308 Hip and Femur Procedures
For Trauma, Except Joint Replacement, origin of the nursing
home was protective. For, APR-DRG 130 Respiratory System
Diagnosis W Ventilator Support 96+Hours, transfer from
another hospital showed a statistically significant lower
odd of dying.

Finally, the percentage of hospitals with SMRs per
APR-DRG signalling deviation from the benchmark
was analysed (figure 2). All APR-DRGs with both a high
crude mortality and high percentage of hospitals with
SMRs signalling deviation from the benchmark involved
malignancies. In addition, large variation in palliative
coding between the hospitals was observed for these
APR-DRGs (online supplementary table 3). The IQR
for the percentage of palliative patients exceeded 20%
for the following APR-DRGs (figure 2): 382—Malignant
Breast Disorders (IQR=25%, Max — Min=52%), 136—
Respiratory Malignancy (IQR=23%, Max — Min=58%),
530—Female Reproductive System Malignancy (IQR=23%,
Max — Min=49%), 500—Malignancy, Male Reproductive
System (IQR=21%, Max — Min=45%) and 041—Nervous
System Malignancy (IQR=20%, Max — Min=50%). The
APR-DRGs with the highest percentage of hospitals with
SMRs signalling deviation from the benchmark, but not
involving malignancies, were 021—Craniotomy Except for
Trauma, 190—Acute Myocardial Infarction and 194—Heart
Failure, 042—Degenerative Nervous system disorders Exclusive
Multiple Sclerose, 139—Other pneumonia, 380—Skin Ulcers
and 308—Hip and Femur Procedures for Trauma, Except Joint
Replacement (figure 2). All SMR models for these APR-DRGs
had Csstatistics of >0.70, except for 194—Heart failure
(C-statistic=0.67).

Use of an online platform

For SMR reporting, the developed R/Shiny application
was embedded in the Flemish hospital network website
from December 2014 onwards. Dissemination of the
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Table 1 Description of explanatory covariates and mortality
2009 2010 2011 2012 2013 2014 2016 7 years
n (% of
admissions)
Admissions 155 086 167 483 171 343 174 455 176 242 177 376 176 732 1198 717
Deaths 10 350 10948 10 839 11 321 11 145 10 638 10 416 75 657 (6.31%)
(6.67%) (6.54%) (6.33%) (6.49%) (6.32%) (6.00%) (5.89%)
Crude mortality
rate
Gender
M 7.2% 7.0% 6.9% 6.9% 6.8% 6.5% 6.3% 6.8%
F 6.2% 6.1% 5.8% 6.1% 5.9% 5.4% 5.5% 5.8%
Age
(0,10) 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
(10,20) 0.3% 0.2% 0.2% 0.2% 0.2% 0.3% 0.2% 0.2%
(20,30) 0.6% 0.7% 0.6% 0.6% 0.8% 0.5% 0.5% 0.6%
(30,40) 1.2% 1.2% 0.9% 0.9% 1.0% 0.9% 0.9% 1.0%
(40,50) 2.0% 1.9% 1.7% 2.1% 1.9% 1.8% 1.8% 1.9%
(50,60) 4.3% 4.0% 3.9% 3.9% 3.8% 3.3% 3.3% 3.8%
(60,70) 5.8% 5.6% 5.5% 5.5% 5.5% 5.1% 4.9% 5.4%
(70,80) 7.9% 7.6% 7.5% 7.5% 7.1% 6.8% 6.4% 7.3%
(80,90) 12.2% 11.7% 10.9% 10.8% 10.4% 10.0% 9.6% 10.8%
(90,.) 17.4% 16.8% 16.1% 16.6% 16.1% 14.7% 14.7% 15.9%
Admission source
Home 5.9% 5.8% 5.7% 5.8% 5.6% 5.3% 5.1% 5.6%
Nursing home  16.7% 15.9% 15.4% 16.1% 15.9% 15.2% 15.8% 15.8%
Other 7.4% 7.9% 5.6% 5.7% 7.6% 6.6% 6.0% 6.6%
Other hospital  12.4% 12.0% 10.7% 11.1% 11.1% 11.5% 12.2% 11.6%
Public space 52% 51% 4.7% 4.3% 4.5% 4.1% 3.7% 4.5%
Comorbidity score
0,1) 4.3% 4.2% 3.9% 4.0% 3.8% 3.4% 3.3% 3.9%
(1,2) 18.7% 18.2% 17.7% 17.3% 16.9% 16.0% 15.6% 17.1%
2,3) 30.3% 28.4% 29.3% 29.3% 27.4% 27.9% 26.9% 28.3%
3,.) 40.0% 38.8% 40.2% 41.1% 43.8% 39.6% 38.7% 40.1%
Admission type
Emergency 8.4% 8.2% 7.8% 8.1% 7.7% 7.3% 7.2% 7.8%
Elective 3.3% 3.2% 3.3% 3.2% 3.3% 3.2% 3.1% 3.2%

Crude mortality in each demographic subgroup of the included patient population is depicted as percentage of the total number of included

admissions for a specific discharge year or overall. M=male, F=female.

benchmark to the member hospitals was phased. In
the first instance, access was given only to the CMOs of
the participating hospitals and hospital identification
numbers were anonymous to build a trusted environ-
ment. In order to validate the HSMR model, each of the
participating CMOs was asked to examine SMRs for their
respective hospital guided by an analytical scheme. The
analytical scheme provides a stepped approach to analyse
SMR: (1) select a patient group with a high percentage
of hospitals signalling deviation from the benchmark

within the Flemish hospital network (figure 2); (2) check
whether the set of ICD9/10 CM codes for all patients
reflects the profile of the patients; (3) examine whether
structure or process parameters could have contributed
to a deficit in quality of care; and (4) perform root cause
analysis at individual patient level for deaths during
hospitalisation with a low risk of mortality. CMOs subse-
quently discuss findings in group meetings organised by
the Flemish hospital network (figure 3). In the next phase,
improvement strategies and the organisation of mortality

Tambeur W, et al. BMJ Open 2019;9:029857. doi:10.1136/bmjopen-2019-029857

5



80% °
APR-DRG
360%_ o Other
= 4 Malignant
©
5 o
= 40%- ° 382 # admissions
% o A 136 per APR-DRG
S 500 L 9% A e 20000
£ 4 s £2%0 @ 40000
20% 1 a0 &P 380 Ly94 @ 60000
S o O agh 1397'%0 021
0 %000 @ @ 42 o
w{ 00ee8T0 " "0
o\ o\ o\
© P N

Proportion of significant divergent SMRs

Figure 2 Crude mortality. The proportion of hospitals
standardised mortality rate (SMRs) per All Patient Refined —
Diagnosis-Related Groups (APR-DRG) signalling deviation
from the benchmark is depicted on the X-axis. The Y-axis
depicts the crude mortality. The size of the shapes indicates
the number of included stays for that APR-DRG. APR-DRGs
with malignancies are depicted with triangles. APR-DRGs
highlighted in red have the highest proportion of palliative
patients. APR-DRGs highlighted in blue have the highest
proportion of significant signalling SMRs, excluding APR-
DRGs entailing malignancies.
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(Red) A taskforce consisting of the medical coding experts
and chief medical officers (CMOs) of six member hospitals
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analysed their SMRs and presented the conclusions. (Light
blue) Experiences and learnings are shared during quarterly
medical coding experts meetings and quarterly CMO
meetings. (Green) The project group provided regular updates
on the models and web application in the CMO meetings.
(Blue) A hands on workshop on the web application was
organised. (Purple) The web application was deanonymised
with regard to hospital ID.
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Figure 4 Hospital standardised mortality ratio (HSMR)
variation over time. The HSMR for each hospital aggregated
by discharge year is depicted as a dot. Blue dots indicate
HSMR within 95% CI, red dots indicate HSMR higher than
upper limit of 95% CI and green dots indicate HSMR lower
than lower limit of 95% CI. In addition, the crude mortality
within selected All Patient Refined —Diagnosis-Related
Groups in the Flemish hospital network is shown as a line
diagram.

and morbidity rounds® were shared within the CMO
meetings. This involved both seminars on quality topics
as well as testimonials from CMOs on the actions taken
within their hospital. In addition, analytical and medical
coding experts quarterly discuss the usability and tech-
nical aspects of the web application. In the last phase,
when hospitals were experienced with the use of the infor-
mation, the application was deanonymised with regard to
hospital name.

The use of the web application has increased moder-
ately over time, but it is overly clear that the increased
use of the web application coincided with specific events
like the presentation by the CMOs of the analysed SMR,
the workshops on the use of the application and the
deanonymisation (with regard to the hospital name)
of the web application (figure 3). In addition, within
working groups, peers reported that the web application
was frequently used for preparing reports for CMOs and
boards of directors.

Finally, we observed that crude mortality in the Flemish
hospital network decreased from 6.7% to 5.9% for the
selected APR-DRGs between 2009 and 2016 (table 1).
Although variation in HSMR appeared to decrease
over time, no heterogeneity in variance could be iden-
tified (p=0.60) (figure 4) nor could a significant effect
of discharge year on HSMR be demonstrated. Discharge
year 2016 did however show an OR significantly lower
than 1 (online supplementary table 2) in 25 SMRs.

DISCUSSION
We report on the development of an SMR model and the
use of a framework to benchmark results, share analyses
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and initiate quality improvement initiatives. We experi-
enced that our approach incentivises critical appraisal
of hospital mortality by the CMOs and enables various
quality improvement initiatives in the member hospitals.
We note thatin using the tool as a smoke signal and further
analysing processes for those patient groups which got an
alert, healthcare practitioners gather around the ‘patient
process’ and establish a path towards better care.

We developed an SMR model for APR-DRGs which
comprises 80% of the Flemish hospital network mortality.
The design of the presented modelling strategy is similar
to other public reported SMR models and generally the
same set of independent variables is used.”*™ The use of
an arbitrary cut-off at 80% of all pooled mortality limits
the number of included APR-DRGs. This may cause selec-
tion bias in aggregated analyses (over all APR-DRG) at the
level of the hospital (HSMR), butin analyses at the level of
APR-DRG this is not relevant. In some countries, informa-
tion on socioeconomic deprivation is also included.”™
Such information is not collected by the participating
hospitals but we acknowledge that the addition of infor-
mation about socioeconomic context can be valuable.”
Some authors add an independent variable for admission
season,”* which could be linked to the comorbidity level
(eg, seasonal influenza). This may however also mask
variability in quality of care due to seasonal variation
in occupancy rates in Belgian hospitals.”* As expected,
odds of dying in hospitals increased with increasing
age.' ® Patients admitted via the emergency room and
patients with higher comorbidity showing higher odds of
dying for most APR-DRGs was as was shown in previous
studies' *® For factors of source of admission, results were
less clear; origin of the nursing home being protective
for two APR-DRGs may indicate that other factors are at
play, than just patient frailty. Such factors may include the
organisation of the healthcare system, geographical and
demographical factors.

The choice of grouping software could have an effect
on modelling as the degree of homogeneity of the patient
groups can have an impact on case mix adjustment. Many
authors use Clinical Classification Software to group
patients, which is solely based on the principal diag-
nosis.”” % In this study, the ARP-DRG grouping system was
used which also takes into account information on proce-
dures to assign patients to groups. This grouping system is
a familiar format used for benchmarking based on HDDs
in Belgium. It is however not clear which grouping system
is better for comparing hospital mortality.”” Further anal-
ysis should be done to demonstrate how grouping systems
can affect SMR results. In addition, registration bias in the
diagnosis codes and covariates may lead to the misclassifi-
cation of patients to pathology groups and the misclassifi-
cation of predictors.” The current study did not evaluate
the existence of registration bias in the discharge datasets.
However, in the stepped approach to analyse SMR within
the Flemish hospital network, we included checks for coding
bias. Although hospital mortality is a clear and tractable
measure, the use of HSMR methodology for hospital

comparison has been subject to debate for a number of
reasons.'™ * First, in-hospital mortality is only relevant
to a limited number of pathologies. For instance, in our
dataset, only 30% of the hospital stays were included in
the analysis. Consequently, in-hospital mortality must not
be used as a single measure to compare overall hospital
quality of care. In addition, incomparability of HSMR
arising from issues such as insufficient adjustment of
disease severity, referral bias, disparity in end-of-life care,
unmeasured case mix variation, variation in coding and
other specific artefacts of data collection or analysis has
been described.'” ***** Manktelow et al showed that even
with optimal risk adjustment the comparison of two
SMRs can be perturbed by the Yule-Simpson effect that
may result from differences in case-mix and volume of
patients.'” Several authors reported the lack of a correla-
tion between avoidable deaths and SMR." * Taken
together, these reports underline the necessity of alerting
the user for misinterpretation or misuse of SMR. Itis clear
that the SMR models will need continuous refinement
to improve patient-mix correction and limit additional
biases. Studies in the UK and the Netherlands pointed
to the importance of including postdischarge deaths to
avoid bias related to differences in discharge policies.”** It
has also been shown that an adjustment for the frequency
of readmissions should be considered, since such a model
showed more favourable quality metric characteristics
compared with a model without such adjustment.* More-
over, in collaboration with clinicians of the hospital, addi-
tional clinical risk-adjustment variables can be identified
which are very likely to increase the chance of identifying
failing processes that explain variation in mortality.** *® Tt
is clear that prespecifying a model based on clinical input
is a better approach than the automated backward vari-
able deletion methodology used in this study which has
been shown to be unstable with regard to predictor selec-
tion.*” In addition, the use of clinical insight could help
to identify unaccounted predictors and to avoid residual
confounding.

As an alternative to the models described based on
administrative HDDs, recent advances in deep learning
methods with electronic health records hold promise to
predict mortality with high accuracy.”® The downside is
that these techniques may be challenging to interpret
clinically.

Even with more refined models, the appropriate use
of HSMR methodology raises another debate. Public
reporting of SMR data makes it intuitively attractive to
compare hospitals in a competitive ranking. The goal
of the mortality benchmark within the Flemish hospital
network is not to create a competitive benchmark but aims
at enabling quality improvement initiatives for specific
patient groups. As illustrated in this study, we propose a
methodology to select patient groups with high variation
of SMR. APR-DRGs with malignancies suffer from large
variation in palliative coding, making them less appro-
priate for SMR analysis. The presented reporting platform
of the Flemish hospital network and the collaborative
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approach where hospital management and CMOs have
a forum to discuss findings and experiences give the
Flemish hospital network the opportunity to largely over-
come the weaknesses of SMR methodology and exploit
its strengths. In addition, the Flemish hospital network is
continuously working on gathering the data needed to
include postdischarge deaths in order to investigate
the effect of discharge policies on SMR in the Flemish
hospital network hospitals. Further quantitative and qual-
itative investigation will look into the causes of mortality
through the investigation of structure and process vari-
ables. It will prove interesting to further investigate this
at the hospital level, at the pathology level and the indi-
vidual patient level. We already established benchmarks
in the web application on length of stay and healthcare
personnel staffing levels. The relation between these
general process measures and outcome measures like
mortality and readmission has been previously reported.
Within care-program groups, the Flemish hospital network is
striving to design interventions and implement improve-
ment strategies to reduce mortality in selected APR-DRGs
identified by focussing on patient groups with high varia-
tion of SMR and high crude mortality. One such approach
are mortality and morbidity rounds®”’ which were initi-
ated in multiple member hospitals as a consequence of
SMR reporting.

The current study reported on the development of a
user-friendly web application accessible to clinicians of
the Flemish hospital network. The use of the web appli-
cation increased over time; however, the measurement
thereof was limited to the number of page views. Future
studies could develop surveys or other metrics to monitor
the use of the web application more thoroughly.

CONCLUSION

The Flemish hospital network successfully used a phased
approach for introducing SMR which enabled mutual
trust among the members and incentivises quality
improvement. The presented framework for mortality
measure reporting and the phased collaborative approach
seems to serve as a stepping stone for quality improve-
ment initiatives. Key components of this approach were
technical support in creating hospital benchmarks and
providing support for interpretation, establishment of
a platform to anonymously disseminate the results of
hospital benchmarks and sharing analyses on SMR and
steps taken to improve. Further initiatives should be
pathology specific and entail the refinement of the SMR
model (if relevant) with the inclusion of disease-spe-
cific risk factors, development of other relevant quality
measures and concrete interventions.” *® The combina-
tion thereof could facilitate an increase in the quality of
care in a hospital network which could lead to a decrease
in hospital mortality.
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