Intensive Care Med
DOI 10.1007/s00134-017-4760-x

UNDERSTANDING THE DISEASE

Understanding intensive care unit

benchmarking

@ CrossMark

Jorge I F. Salluh?"®, Marcio Soares'? and Mark T. Keegan®

© 2017 Springer-Verlag Berlin Heidelberg and ESICM

Introduction

Originating from the surveyors’ practice of placing
chiseled horizontal marks in stone structures to form a
“bench” for consistent placement of a leveling rod, the
term “benchmarking” has evolved to mean the com-
parison of a business (or healthcare institution) with
industry leaders, by evaluating a series of performance
metrics. Benchmarking has been divided into the broad
categories of process, performance, and strategic bench-
marking, and has also been classified as internal (within
the same institution) or external benchmarking. In rela-
tion to critical care medicine, benchmarking involves the
use of quantitative, standardized measurements to allow
comparison of performance between intensive care units
(ICUs) [1].

For example, predictive models [e.g., the Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) score, the
Simplified Acute Physiology Score (SAPS), and the Mor-
tality Probability Model MPM)], have been developed
and allow comparison of expected and actual mortality of
critically ill patients through an evaluation of the severity
and context of critical illness. Severity-adjusted mortal-
ity rates [or standardized mortality ratios (SMRs)] have
been used in ICUs around the world for decades, helping
to create a culture of performance evaluation [2]. SMRs
have been criticized, however, because of the multiple
factors that can affect them, including case-mix, cohort
size, data collection methodology, bias in lead time, and
the performance of the model. It is clear that case-mix is
a key factor and should be considered when using SMRs
in the comparative analysis of ICUs.
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Although the evaluation of a single ICU over time can
produce interesting and insightful results, self-reflection
can lead to excessive optimism or criticism. Benchmark-
ing against other ICUs can provide ICU staff and hospital
managers with a broader view and clearer perspectives of
targets for improvement [1].

Areas of ICU performance suitable for benchmarking
include mortality, adherence to processes of care, patient
safety, economic outcomes, and patient or family satis-
faction (Table 1). The aim of this report is to highlight the
strengths and weaknesses of benchmarking and describe
how it can be optimally applied in ICUs.

What should we benchmark?
In addition to the evaluation of severity-adjusted mortal-
ity rates, the search to identify markers of high-quality
care has led to the scrutiny of lengths of ICU stay (LOS)
and unplanned (and early) readmission rates. These
entangled indicators are surrogates of cost and efficiency
and typically reflect several aspects of care, including
admission and discharge policies, adherence to best prac-
tices, and patient safety. Insightful information can be
obtained when such indicators are analyzed in associa-
tion with data on ICU staffing and resources, bed-availa-
bility and capacity strain, case-mix, nosocomial infection
rates, and hospital structure. LOS, for example, should be
used cautiously as a benchmarking tool as it is influenced
by discharge criteria and the availability of step-down
units and extra-hospital post-acute care facilities. The
European Society of Intensive Care Medicine has recom-
mended the use of specific quality indicators, including
SMR, ICU readmission rate within 48 h of ICU discharge,
and rates of catheter-related bloodstream infections and
unplanned extubations [3].

Business management literature suggests that
benchmarks should be “SMART”—specific, measur-
able, achievable, realistic, and timely. Although not
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evidence-based, this is a thoughtful and pragmatic
approach. Garland has suggested that ICU performance
should be measured in four domains that include medi-
cal, economic, psychosocial/ethical, and institutional
outcomes [4]. ICU efficiency is also valuable for bench-
marking. Rothen et al. evaluated ICU efficiency using the
severity-adjusted (SAPS 3) resource, a measure that esti-
mates the average amount of resources used per surviv-
ing patient in a specific ICU [the standardized resource
use (SRU)] [5]. On the basis of median SMR and median
SRU, each ICU is assigned to one of four groups: “most
efficient” (all units whose SMR and SRU were below the
median SMR and SRU); “least efficient” (units with both
SMR and SRU above the median); “overachieving” (low
SMR and high SRU); “underachieving” (high SMR and
low SRU) (Fig. 1).

Ensuring relevant mortality comparisons

Survival—or not—is irrefutable and a relevant outcome
measure. Direct comparisons of mortality among insti-
tutions (using funnel plots) and indirect comparisons
against a risk-adjustment model (using process control
charts) have proven useful [6]. A more nuanced consid-
eration, however, is the selection of the time-point to be
used for the assessment of mortality. Early in the history
of outcome prediction and performance evaluation it
became clear that survival to ICU discharge was an inad-
equate measure. The three main severity of illness scoring
systems use survival to hospital discharge as the out-
come of interest. For several reasons, however, hospital

mortality is also being questioned as the sole point of
assessment. The improvement in ICU and hospital sur-
vival rates has shifted focus from the evaluation of short-
term survival to an assessment of post-ICU medium- and
long-term quality of life. Additionally, discharge bias,
affected by evolving discharge policies and the increas-
ing availability of long-term post-acute care facilities
to which patients may be transferred, may decrease the
reliability of hospital mortality as a marker of quality [7,
8]. Therefore, SMR based on case-mix-adjusted mortal-
ity at a longer term fixed time-point after ICU admission
may be preferable as a quality indicator for benchmark-
ing purposes. For similar discharge-bias associated rea-
sons, ICU LOS and readmission rates should be viewed
with caution. Geographic region- and population-spe-
cific considerations must be taken into account, poten-
tially requiring customization of predictive models. The
heterogeneity of critical illness means that, for some
conditions, there is substantial residual mortality in the
post-ICU period that is not fully captured by measur-
ing hospital mortality rates [9]. For example, based on
epidemiologic data, it would appear that a minimum of
90 days follow-up is necessary to fully capture the mor-
tality effect of sepsis. This contrasts with the apparently
sufficient 30-day follow-up in patients who have suffered
traumatic injuries not requiring operative intervention.
Finally, patient-centered outcomes should be evaluated.
Although they are harder to capture and follow, data on
quality of life, functional status, and return to work are
important measures to benchmark.

Efficiency Matrix (SMR vs. SRU) - General SAPS 3 Equation

SRU
[N

(*) All patients with hospital outcomes.

0.00 0.5 1

Fig. 1 Evaluation of intensive care unit (ICU) efficiency using the standard resource utilization (SRU) model. Fach dot represents an individual ICU (in
this example, blue dots represent ICUs from a single hospital, yellow dots all other ICUs in a country allowing unidentified comparisons). Left lower
quadrant is where units with highest efficiency are located [low standardized mortality ratios (SMRs) and low SRUs]. ICUs in the left upper quadrant
have adequate SMRs but high SRUs (‘overachieving”). Those in the right quadrants have the worst performance (as they have high SMRs). SAPS
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Benchmarking processes of care

A complementary approach to benchmarking is to evalu-
ate the adherence to evidence-based practices that are
associated with improved outcomes [1, 10]. The rates
of adherence to “standards of care” (e.g., low tidal vol-
ume ventilation in acute respiratory distress syndrome,
prophylaxis against thromboembolism, early recognition
and treatment of sepsis) may be ascertained and com-
pared among ICUs. Although it may be argued that the
correct benchmark for such measures is 100% adherence,
knowledge of the compliance of other units with similar
structural characteristics and case-mix may be an incen-
tive to quality improvement, especially if the feasibility of
achieving high standards of care in the real world is dem-
onstrated [11, 12].

Comparison of complications

In a perfect world, it would be recommended—and use-
ful—to compare unit-specific rates of hospital-acquired
infections (e.g., ventilator associated pneumonia, cath-
eter-related blood stream infections), the occurrence of
ICU-acquired multi-resistant organisms or “problem”
pathogens (e.g., Clostridium difficile, methicillin-resistant
Staphylococcus aureus), and adverse events (e.g., unan-
ticipated extubation). However, methodologic differences
in data acquisition, inter-rater variability, and financial
and legal disincentives to report may lead to unreliable
incidence and prevalence rates, thus precluding accurate
comparisons. Benchmarking these issues is only feasible
and accurate in the context of very well-structured and
standardized ICU networks, and even in such settings it
may remain a complex task. To overcome these limita-
tions ICUs should use the same definitions, potentially
through the use of a data-dictionary with specific train-
ing and audit.

The future of ICU performance evaluation

and benchmarking

The era of “the healthcare data revolution” with its
advances in computerization and technologic infrastruc-
ture offers the potential for expansion of benchmarking
[13]. With the advent of “big data” and “machine learn-
ing” updated prognostic models will inevitably become
available, likely including a broader range of variables
than currently employed [14-16]. If such models are
developed on a multinational level, are easy to imple-
ment, and use an approach that allows course correction,
they may finally make ICU-prediction models useful for
individual patients. Widespread implementation of elec-
tronic medical records and the availability of real-time
information provided by cloud-based structures will
provide additional opportunities for comparison within
and between institutions. Decreases in the burden of

data abstraction and the development of crowdsourc-
ing will lead to the availability of increasing amounts of
standardized, usable patient data. Ultimately, expansion
of the domains of benchmarking is likely to occur, allow-
ing evaluation of processes of care and multi-dimensional
patient-centered outcomes in addition to the traditional
mortality and length of stay comparisons [17].

Conclusions

Benchmarking of ICU performance is here to stay—and
its use and complexity will likely expand as the healthcare
data revolution proceeds. Although imperfect, severity-
adjusted mortality rates and SMRs will continue to be
used and refined. Evaluation of processes of care and
compliance with commonly accepted practices offer an
alternative approach to benchmarking, providing action-
able data. It is hoped that widespread implementation of
searchable electronic medical records and expansion of
databases populated by automated data abstraction will
lead to reliable intra- and inter-institutional comparisons,
ultimately resulting in improved patient care.
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