
Review Article

Quality Indicators in Adult Critical Care Medicine

Hasan M. Al-Dorzi ,1,2,3 Yaseen M. Arabi 1,2,3

1College of Medicine, King Saud Bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia
2King Abdullah International Medical Research Center, Riyadh, Saudi Arabia
3Department of Intensive Care, King Abdulaziz Medical City, Ministry of National Guard - Health Affairs, Riyadh,
Saudi Arabia

Address correspondence to HasanM. Al-Dorzi (aldorzih@yahoo.com).

Source of Support: None. Conflict of Interest: None.

Submitted: Sep 16, 2023; First Revision Received: Oct 29, 2023; Accepted: Oct 31, 2023

Al-Dorzi HM, Arabi YM. Quality indicators in adult critical care medicine.Glob J Qual Saf Healthc. 2024; 7:75–84. DOI: 10.36401/
JQSH-23-30.

This work is published under a CC-BY-NC-ND 4.0 International License.

ABSTRACT

Quality indicators are increasingly used in the intensive care unit (ICU) to compare and improve the quality of delivered healthcare.
Numerous indicators have been developed and are related to multiple domains, most importantly patient safety, care timeliness and
effectiveness, staff well-being, and patient/family-centered outcomes and satisfaction. In this review, we describe pertinent ICU
quality indicators that are related to organizational structure (such as the availability of an intensivist 24/7 and the nurse-to-patient
ratio), processes of care (such as ventilator care bundle), and outcomes (such as ICU-acquired infections and standardized mortality
rate). We also present an example of a quality improvement project in an ICU indicating the steps taken to attain the desired
changes in quality measures.
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INTRODUCTION

Attaining the desired outcomes of patients in any
healthcare system is the direct result of the quality of pro-
vided care.[1] The Institute of Medicine describes quality
care in healthcare as a care that is safe, timely, effective,
efficient, equitable, and patient-centered.[1] Intensive care
medicine is a core component of modern healthcare sys-
tems. Because of the complexity of patients, invasiveness
of interventions, the interdependence of several provid-
ers, and reliance on teamwork, medical errors and adverse
outcomes are common in intensive care units (ICUs).[2] In
addition, variations in available resources and training
backgrounds lead to variations in the provided health ser-
vices and practice patterns among different healthcare
providers, institutions, and countries.[3,4] As the demand
for intensive care services and the associated costs have
increased in the past few decades, several healthcare
authorities and institutions have focused on improving
the quality of care in the ICU and mandated the monitor-
ing of quality indicators to compare their performance
with national standards or international benchmarks.

CHARACTERISTICS AND SELECTION OF
QUALITY INDICATORS FOR THE ICU

Quality improvement in healthcare depends on the

measurement of relevant quality measures and indicators.

Quality indicators are tools that are used to identify

potential areas for improvement in the quality of care.

In the ICU as well as in other settings, a quality mea-

sure can be a measure of structure, process, or out-

come and can be selected based on the best available

evidence or expert consensus if the evidence is lack-

ing. A good quality measure should meet the follow-

ing criteria.

1. Important, thus addressing an essential structure
(such as ICU staff qualifications and staffing pat-
terns), a common process with a large effect on out-
come (such as the care processes related to mechanical
ventilation) or a clinically meaningful outcome (such
as mortality or development of a complication that is
related to a common ICU process, i.e., ventilator-
associated pneumonia [VAP]).[5]

2. Relevant to the patients and/or their families, thus being
a patient-centeredmeasure (such as pain control).[5]

3. Feasible, such that data collection is not too burden-
some.[5]

4. Valid, thus the measure is supported by robust evi-
dence linking it to improved outcomes.[5–7] In addi-
tion, data collection tools are standardized so that
the results reflect the true problem, able to capture
what providers do rather than patients’ characteris-
tics and are comparable across all ICUs.[5–7]
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5. Interpretable, such that there are estimates, expressed
in common metrics with sufficient variability to dif-
ferentiate poor performers from good ones, and there
are care processes associated with the indicator that
are measurable.[8] This will make the quality measure
more actionable.[5]

The selection process of a quality indicator usually
goes through multiple steps.[7] It usually starts with a
thorough literature review of the interventions/pro-
cesses that improve one or more outcomes in the
ICU.[7] This is followed by the selection of a pilot indica-
tor in order to investigate the feasibility of data collec-
tion and to determine the required changes that would
positively influence the indicator.[7] The data collection
process should be defined (who, what, when, how) and
the validity and reliability of data should be based on
field studies.[7] Finally, the pilot indictor should be tested
to evaluate how it performs in the ICU.[7] An indicator
that does not provide opportunities for improvement
can be dropped and other indicators that may poten-
tially improve care can be adopted. If an indicator does
not show any more variability, the indicator can be
exchanged for a new one. As there are numerous quality
measures, each ICU should select the indicators that are
more likely to impact the outcomes of its patients.

QUALITY INDICATORS AS A DRIVER FOR
QUALITY IMPROVEMENT IN THE ICU

More than 20 years ago, Berenholtz and coworkers[9]

performed a systematic review of all studies that were
published between 1965 and 2000 and provided a
potential measure of the quality of intensive care and
identified six outcome measures (ICU mortality rate;
ICU length of stay .7 days; average ICU length of stay;
average days on mechanical ventilation; optimal pain
management; and patient/family satisfaction). They tested
18 items that were considered to be core quality indicators
for the ICU and demonstrated the feasibility of imple-
menting them in 13 adult medical and surgical ICUs in
urban community teaching and community hospi-
tals.[10] National institutions in several countries fol-
lowed and developed quality indicators based on the
best evidence and with the goal of improving the out-
come of ICU patients.[11–14] In 2005, the Joint Commission
on Accreditation of Healthcare Organizations instituted a
reporting requirement for a set of four ICU core measures
(patient positioning, stress ulcer prophylaxis, thrombopro-
phylaxis, and central line–associated bloodstream infection
[CLABSI]) that were based on the National Quality Forum
report, with an additional two test measures (risk-adjusted
ICU length of stay and hospital mortality). A task force of
the European Society of Intensive Care Medicine published
a list of quality indicators in 2012.[15] The structure indica-
tors included compliance with national standards and an
“adverse event” reporting system.[15] The process indicators

included routine multidisciplinary ICU visits and a stan-
dardized transfer protocol.[15] The outcome indicators
included standardized mortality rate, 48-hour readmission
rate, rate of CLABSI, and rate of unplanned extubation.[15]

Quality improvement programs in the ICU setting fre-
quently use the following concepts.

1. Setting stretch goals
A stretch goal is a goal that may be difficult to attain. It

usually involves setting a target for a change/improve-
ment in a certain period. An example is the reduction of
the rate of VAP by more than 50% within a 6-month
period in an ICU with a high baseline rate. This usually
inspires growth, counters complacency in teams, and
communicates immediately and clearly that maintaining
the current status is not an option.[16]

2. Zero-event target
Targeting zero events for certain quality indicators in

the ICU reflects zero tolerance policy for adverse events
and may be a realistic goal.[17,18]

3. Care bundles and the all-or-none approach
In a care bundle, related care processes, which are usu-

ally performed separately, are bundled to ensure that they
are given together and to reduce the chance of important
aspects of care being missed. This concept has been used
to reduce VAP, CLABSI, and catheter-associated urinary
tract infection (CAUTI). The all-or-none approach to mea-
suring performance, in which all elements of a bundle
must be done to be considered compliant, offers several
important advantages over either individual or composite
itemmeasurement.[19]

4. The Comprehensive unit-based safety
program (CUSP)model
This is a multifaceted approach to patient safety

that has been proven to improve and sustain quality
of care.[20] Its framework is composed of five steps: (1)
train staff in the science of safety; (2) engage staff to
identify defects; (3) senior executive partnership and
patient safety rounds; (4) continue to learn from defects;
and (5) implement tools to improve teamwork and com-
munication.[20,21] The CUSP model provides a strategy
for healthcare organizations to improve culture and
learn from mistakes through the integration of safety
practices into daily work.[21]

PERTINENT QUALITY INDICATORS
IN THE ICU

There are many measures that are candidates to be
quality indicators for the ICU.[8,13] These indicators usu-
ally address the most relevant core processes of inten-
sive care such as mechanical ventilation, analgesia,
sedation and delirium treatment, anti-infective therapy,
nutrition, hygiene, and communication with patients
and their relatives. An important factor is the number
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of indicators in the ICU at any given time and 10 indi-
cators are thought to be a manageable number. It is also
believed that some ICU quality indicators in one setting
might not be transferred unchanged to another setting.
In addition, quality indicators need to be reviewed peri-
odically, as new evidence may refute the implementation
of certain interventions. Table 1 describes important ICU
quality indicators. The core indicators are the ones that
should be implemented in all or most ICUs. We also pre-
sent additional details on pertinent indicators and selected
quality improvement projects that were related to them.

ICUOccupancy
Occupancy is a measure of capacity strain such that

ICUs with high occupancy rates may be less capable of
providing the same high-quality care on a given day as
an ICU with more available beds.[22] There is no com-
monly accepted method for calculating ICU occupancy,
but dividing the number of patient bed hours by the
total number of available bed hours is probably the
most accurate method.[23] This will allow the calcula-
tion of daily occupancy, which is a better benchmark of
care quality than mean annual occupancy.[24] There is a
clear association between higher daily ICU occupancy
and early discharge/nonclinical transfer,[24] but whether
this may lead to worse outcomes is unknown. It should
be noted that some ICUs may be able to function as high-
reliability organizations, where outcomes are maintained
during low and higher occupancy rates.[25] In general, the
optimal ICU occupancy rate is approximately 70–75%.[23]

Mortality
Mortality is an outcome measure that is important to

healthcare providers as well as patients. The actual mor-
tality rate can be misleading if it does not consider
changes in patient mix (demographics, comorbidities,
and diagnoses), and severity of illness. The standardized
mortality ratio is the observed mortality divided by the
mortality rate that is predicted by a prognostic score
such as the various versions of Acute Physiology and
Chronic Health Evaluation, Simplified Acute Physiology
Score, and the Mortality Probability Model score.[26,27]

The reliability of these scores depends on the complete-
ness and accuracy of the abstracted data. In addition, they
have been shown to overestimate the risk of death in the
studied populations, as older scoring systems are used in
newer data sets.[28] Standardizedmortality ratios are useful
in examining overall performance among general and
specific ICU populations on a retrospective basis and in
benchmarking across ICUs and institutions. They, how-
ever, cannot be used to prognosticate individual cases or
to determine medical futility.

ICUReadmission RateWithin 48Hours
Readmission rate is frequently used as a quality indi-

cator because it is related to both patient outcome
(increased mortality, cost, and length of stay) and

organizational efficiency.[29] Currently, available studies
are not clear about modifiable factors as tools to reduce
readmission rate. In a retrospective study of 19,750 ICU
admissions, the readmission rate was 7% and the inde-
pendent variables associated with readmission were age,
severity of disease, type of admission, infection, immu-
nodeficiency, and last-day noradrenaline use.[30] In this
study, the latter factor was the only one that could be
modified.[30] Another study found that ICU readmission
was associated with greater severity and complexity of
illness.[29] Hence, readmission rates require case-mix
adjustment before they can be a useful quality indica-
tor.[29,30] Another study found that post-ICU admission
hospital mortality and ICU readmission were poorly
correlated and that ICU readmission performed poorly
as a performance metric.[31]

Length of Stay
ICU length of stay is highly associated with the costs

of care in the ICU. It is an easily quantifiable outcome
indicator for the efficiency of ICU care. ICU discharge is
often based on subjective criteria and could be influ-
enced by the availability of bed and staff resources.[32] It
is greatly influenced by the post-ICU setting and bed
availability in the wards.

HandHygiene
Hand hygiene is an important indicator of safety and

quality of care in any ICU. There is substantial evidence
demonstrating that effective hand hygiene reduces ICU-
acquired infection. Several quality measures, related to
structure, process, and outcome, may be used in relation
to hand hygiene.[33] In general, hand hygiene compliance
is lower than the target for most ICUs worldwide. A sys-
tematic review that included 61 studies found a mean
hand hygiene compliance of 59.6% (high-income coun-
tries 64.5%, adult ICU 58.2%, nursing staff 43.4%, physi-
cians 32.6%).[34] To emphasize the importance of hand
hygiene in preventing hospital-acquired infections, the
World Health Organization started the “Clean Care is
Safer Care” campaign in 2005, and then adopted the
“SAVE LIVES: Clean Your Hands” initiative in 2009. It also
provided tools and protocols on how to measure and
monitor hand hygiene compliance. Optimal monitoring
requires manual and continuous observation of hand
hygiene practices, which is time-consuming and not feasi-
ble. Periodic audits are frequently performed but might be
inadequate to measure the real compliance rate. A less
complicated alternative is a monthly measurement of the
volume of alcohol used for handrub. Published studies
reported an average use of 68–73 mL of alcohol per
patient per day[35]; however, this measurement does not
provide information about the quality of hand hygiene or
the compliance rates by specific healthcare providers.[35]

Strategies to improve hand hygiene compliance consist
of the following: increasing the availability of alcohol-
based hand hygiene products, staff education, reminders
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(written, electronic, and verbal), performance feedback,
administrative support, and staff involvement.[36] Studies
have reported variable improvement results with the dif-
ferent strategies.[36] Strict compliance with hand hygiene is
time-consuming (a nurse may spend 58–70 minutes on
hand hygiene per ICU patient per 12-hour shift),[37] and
should be considered in staff planning.

Ventilator Care
Historically, the outcomemeasure that is related to ven-

tilator care is VAP (Table 1). The Centers for Disease Con-
trol and Prevention in the United States replaced their
longstanding VAP definitions with ventilator-associated
event definitions in 2013 to capture harm not only from
pneumonia but also from pulmonary edema, atelectasis,
and acute respiratory distress syndrome.[38] Whether ven-
tilator-associated event definitions are suitable to serve as
quality indicators for the ICU is a controversial issue.[39]

Interventional data demonstrating the preventability of
these events are limited and conflicting.[40–42]

Process measures related to ventilator care are also
used as quality indicators in the ICU. In 2004, the Insti-
tute for Healthcare Improvement recommended a ven-
tilator bundle as part of the 100,000 Lives Campaign.[43]

This bundle had four components: (1) elevation of the
head of bed to 30–458, (2) daily “sedation vacation” and
assessment of readiness to extubate, (3) stress ulcer pro-
phylaxis, and (4) thromboprophylaxis.[43,44] In 2010,
the Institute for Healthcare Improvement added a fifth
intervention: (5) daily oral care with chlorhexidine.
Other elements were added with time as the related evi-
dence evolved and included the use of subglottic secre-
tion drainage, avoidance of scheduled ventilator circuit
changes, and oral hygiene without chlorhexidine as
chlorhexidine oral care was associated with higher risk
of ventilator-associated events.[45,46] Improving ventila-
tor care was also part of the ICU Liberation Collabora-
tive, which focused on implementing pain, agitation,
and delirium guidelines in ventilated patients.[47] This
collaborative adopted the ABCDEF (A, assess, prevent,
and manage pain; B, both spontaneous awakening and
spontaneous breathing trials; C, choice of analgesic and
sedation; D, delirium: assess, prevent, and manage; E,
early mobility and exercise; and F, family engagement
and empowerment) bundle.
In general, the evidence supports the use of the venti-

lator care bundle in the ICU. In a systematic review of
studies that evaluated the implementation of the Insti-
tute for Healthcare Improvement ventilator bundle, 22
of 38 studies showed more than 36% decrease in VAP
and 10 studies showed more than 65% decrease.[48]

Another systematic review of 45 randomized controlled
trials (5493 patients) showed that daily sedation inter-
ruption significantly reduced mechanical ventilation
duration, ICU stay length, sedation duration, and tra-
cheostomy and VAP.[49] In another improvement collabo-
rative, the ABCDEF bundle was associated with a lowerT
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risk of hospital death within 7 days.[50] The multicenter
prospective quasi-experimental National Approach to
Standardize and Improve Mechanical Ventilation collab-
orative assessed the impact of evidence-based practices
(subglottic suctioning, daily assessment for spontaneous
awakening trial, spontaneous breathing trial, head-of-bed
elevation, and avoidance of neuromuscular blockers) in
42 ICUs from 26 hospitals in Saudi Arabia, using the
CUSP model and interventions that included online edu-
cational activities and real-time benchmarking of daily
care process measures to drive improvement.[51] The col-
laborative was associated with improvements in daily
care processes and with a reduction in mortality.[51]

Central Line–Associated Bloodstream
Infection
CLABSI represents an important quality indicator as it

is associated with significant morbidity, mortality, and
cost and there is a good understanding of the related
evidence-based prevention measures. Rates of CLABSI
are tracked, reported, and tied to reimbursement by the
Centers for Medicare and Medicaid Services. Studies
show that the mean rate is 7.5 per 1000 catheter days,
but vary widely between centers and countries (1.1 to
12.1 per 1000 catheter days in studies from the United
States and 1.4 to 45.9 per 1000 catheter days in studies
from other countries).[52] The CUSP model has been used
for CLABSI prevention in the ICU and its effectiveness has
been demonstrated in the implementation of the CLABSI
bundle (hand hygiene, use of full barrier precautions,
avoidance of femoral lines, skin antisepsis, and removal of
unnecessary lines) in several institutions, which led to a
sustained reduction in CLABSI rates by. 60%.[17,18]

Catheter-Associated Urinary Tract Infection
CAUTI is probably the most common infection in the

ICU. The mean rate is 12.5 per 1000 catheter days (1.4
to 15.8 per 1000 catheter days in studies from the
United States; 0.8 to 90.1 CAUTIs per 1000 catheter
days in studies from other countries).[52] The principles
of CLABSI prevention (aseptic insertion, maintenance
care, and prompting removal) and the CUSP model have
been applied to CAUTI prevention. There has been a
slower adoption of CAUTI bundle than CLABSI likely due
to less awareness about the clinical significance of CAUTI
as well as lower success in reducing CAUTI rates.[53]

Hospital-Acquired Pressure-Induced Skin
and Soft Tissue Injury
Pressure injury is a recognized metric of quality of care

by the Centers for Medicare and Medicaid Services, which
restricts reimbursement for hospital-acquired pressure
injuries. Unavoidable pressure injuries do occur and may
represent a form of acute organ failure.[54] Silicone foam
dressing has been shown to reduce sacrum and heel pres-
sure injuries in the ICU.[55] However, the evidence on
other interventions, such as nutrition, skin-care regimen,

positioning and repositioning schedule, support surfaces,
and the role of education, is limited.[55] Pressure injury
prevention and treatment in the ICU should be a multi-
disciplinary quality improvement initiative.

Patient Family Satisfaction
The perception of patients and their relatives about the

care received is important. Their feedback on care pro-
vided in the ICU may provide information about a hospi-
tal’s ability to provide good service and ultimately will
support healthcare professionals in their continuing efforts
to improve care.[56] Patient satisfaction is a complex mea-
sure that may not be consistent with patient outcomes,[57]

nor with other markers of quality of care.[58] However,
studies suggested that patient or family ratings correlated
with other quality domains (organization and safety) in
some settings.[59] In general, high ratings may reflect low
expectations, and rising expectations might lower satisfac-
tion. As the public increasingly adopts patient- and fam-
ily-centered care, satisfaction ratings may drop further.
Tools to measure satisfaction include Critical Care Fam-

ily Needs Inventory, the Society of Critical Care Medicine
Family Needs Assessment, the Critical Care Family Satis-
faction Survey, and the Family Satisfaction in the Inten-
sive Care Unit.[60]

Staffing
It is intuitive that the ICU staffing level impacts the

quality of care, patient outcomes, and staff well-being.
A British study found no influence of registered nurse
staffing on mortality rates, but a positive impact for
doctor staffing and mortality.[61] By contrast, a Finnish
study demonstrated that high nursing workload is asso-
ciated with increased hospital mortality.[62] The optimal
nurse-to-patient ratio in the ICU depends on the com-
plexity of provided care but is usually 1:2 or fewer in
high-level ICUs.[63] In academic medical ICUs, an inten-
sivist-to-patient ratio less than 1:14 may negatively
impact education, staff well-being, and patient care.[64]

A taskforce of the Society of Critical Care Medicine sug-
gested that high staff turnover or decreases in quality
indicators in an ICU may be markers of overload.[64]

AN EXAMPLE OF A QUALITY
IMPROVEMENT PROJECT IN THE ICU

The Scenario
The Infection Prevention and Control Department per-

formed an audit in a busy 15-bed medical ICU of a ter-
tiary-care hospital and reported to the medical director
that 10 patients developed VAP in the preceding 3
months (12 cases per 1000 ventilator days). This was
higher than the two cases of VAP diagnosed during a pre-
vious audit that was performed 9 months earlier. The ICU
medical director embarked on a quality improvement pro-
ject for VAP prevention.
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Performing the Quality Improvement
Project
In the following, we describe the quality improve-

ment project as performed in the ICU focusing on the
main steps and referring to the tools, concepts, and
strategies (Six Sigma, Lean, and the Model for Improve-
ment)[65–67] that were used during the process.

1. Establishment of a team
A team was formed and consisted of involved stake-

holders and had a champion (a senior respiratory thera-
pist who was responsible for the day-to-day management
of the project), a leader (an intensivist who understood
the implications of changes on other parts of the system),
improvement advisor (a specialist with expertise in qual-
ity improvement methods), and three other team mem-
bers (one ICU fellow and two ICU nurses). This team had
the right balance of leadership, management, expertise,
and power so that the project could succeed. The mem-
bers received training in the Science of Improvement and
a project charter was completed to document and outline
the main aims.

2. Definition of the key metrics to measure success
The team decided that the target was a reduction in

the VAP rate by 50% in the next 6 months. The team
reviewed evidence-based practices to reduce VAP and
decided that ventilator care bundle was the best process
measure that would lead to VAP prevention.

3. Measurement (data collection)
The team performed audits daily at unannounced and

variable times using a standardized and tested data collec-
tion form (a paper checklist). The average compliance
rates for the elements of the ventilator care bundle were
91% for head-of-bed elevation, 95% for stress ulcer pro-
phylaxis, 91% for thromboprophylaxis, 65% for sedation
vacation, 70% for oral care, and 50% for subglottic suc-
tioning. The total bundle compliance was 70%.

4. Analysis of data and determination of the causes
and setting of goals
The team performed root cause analysis[68] to evalu-

ate the causes of the increasing rate of VAP taking into
consideration the measured data. A fishbone diagram
was used to identify causes categorized into physical
(equipment/environment), human (patient/provider),
and system factors. The team decided that the low
ventilator care bundle compliance was the root cause
with a need to focus on elements with compliance less
than 90%.

5. Improvement plan
The team produced an action plan that consisted of

staff education on ventilator care bundle through post-
ers and PowerPoint presentations, revision of the oral
care protocol, and having only endotracheal tubes with
subglottic suction lines in the ICU. The team used the
PDSA (Plan, Do, Study, and Act) framework to test
changes. One of the PDSA cycles was testing the validity

of an electronic ventilator bundle checklist that was
built in the electronic health record. Another PDSA cycle
was related to improving daily sedation vacation. The
team tested implementing a protocol to lighten sedation
daily at 8 AM for eligible patients. The team also evaluated
the precautions to prevent self-extubation (a balancing
measure), such as increased monitoring and vigilance dur-
ing the trial. Multiple cycles were performed to achieve
the desired goals. Common tools used during the PDSA
cycles were brainstorming, cause-and-effect diagram, pri-
oritization of “vital few” causes (Pareto principle), correc-
tive action, andmonitoring of impact.

6. Control
This involved standardizing the changes so that

they became part of daily routine work to facilitate
sustainability.

Project Outcome
Compliance with the ventilator care bundle improved

to 85%. The rate of VAP went down to 4.5 per 1000 venti-
lator days in 6 months. A control chart that depicted VAP
rates at 3-month intervals was periodically reviewed by
the team.

SUSTAINING QUALITY IMPROVEMENT IN
THE ICU

Sustaining quality of care requires continuous or peri-
odic auditing of quality indicators, and so significant
resources, which may not be available for many ICUs.
Electronic health records may have the feature of auto-
mated extraction of data including quality indica-
tors,[51,69] as well as the real-/near-real-time display and
share of data in different formats including control
charts and dashboards.[12,51] This may also allow for
detecting variation in process or outcome measures and
identifying data points (i.e., a significant decline in a
certain measure) that should be investigated,[12] thus
possibly contributing to the performance and sustain-
ability of quality projects. In practice, automated data
extraction is currently limited by the variable capabili-
ties of the different electronic health records and by the
validity of entered data. These and other limitations
should be addressed in the design and implementation
of electronic health records in the future.

CONCLUSIONS

Quality indicators are crucial for the measurement of
the quality of care in the ICU and are essential to inform
quality improvement efforts. Each ICU should determine
which indicators to measure andmonitor taking into con-
sideration national regulations and their specific needs.
ICU staff knowledge of the essentials of quality improve-
ment methods will help quality improvement efforts.
Such efforts depend on the monitoring of quality
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indicators, which requires significant resources to
perform. Automated data extraction from electronic
health records may contribute to the sustainability of
quality improvement efforts but is currently limited
by multiple factors.
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69. Sirgo G, Esteban F, Gómez J, et al. Validation of the ICU-
DaMa tool for automatically extracting variables for mini-
mum dataset and quality indicators: the importance of data
quality assessment. Int J Med Inform. 2018;112:166–172.

84 Al-Dorzi and Arabi: Quality Indicators in ICU


