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Introduction: Global Burden of Critical Illness

Well-known global health priorities (malaria, pneumonia, sepsis, diarrhea, hu-
man immunodeficiency virus [HIV], tuberculosis, trauma), although very different
threats to an individual’s health, share a common consequence: Development of
acute, life-threatening illness. In the developed world, such illness is routinely
treated in an intensive care unit (ICU) by highly specialized physicians, nurses
and support staff. This model of intensive care is spreading rapidly to low and
middle income countries and as it spreads, challenges and limitations to this model
arise [1].

With an estimated $1000–20,000 per quality-adjusted life year (QALY) gained,
critical care support for potentially reversible acute medical or surgical illness
should be one of the most cost-effective health care interventions [2, 3]. Un-
fortunately, incomplete knowledge of the best practices by front-line clinicians
and delayed, error-prone care delivery processes are ubiquitous threats to patient
safety and commonly offset the potential benefits of critical care support. This
is particularly important early in the course of critical illness, when errors and
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delays in appropriate care often lead to costly complications and poor outcomes,
even in advanced hospital settings. In resource-poor settings, inadequate human
resources and training present additional barriers to safe and effective use of life-
saving procedures. Simple interventions, such as early recognition and treatment
of cardio-respiratory failure, low tidal volume mechanical ventilation, early appro-
priate antimicrobial treatment, physical therapy, deep vein thrombosis and stress
ulcer prophylaxis, require little specialized equipment but are crucial to successful
outcome of critically ill patients [4]. Accordingly, these interventions have to be
systematically implemented without omission or delay. This seemingly simple
and straightforward task has proven to be an enormous challenge and nothing but
a distant dream in hospitals worldwide.

Why are Errors and Complications so Prevalent
in Acute Care Settings?

Although medical technologies and knowledge are continuously improving, there
is overwhelming evidence of persistent error [5] and poor real-world compliance
with evidence-based practices in acute care hospitals [6–8]. Critically ill patients
are particularly prone to medical errors because of inherent complexity involving
multiple organ systems and the immediacy of the decision-making required. Errors
of omission are as common as those of commission with cumulative failures in
a multi-step process encumbering exponentially on a patient’s outcome, inevitably
leading to development of costly complications (Table 1).

Within the interdisciplinary nature of intensive care, clinicians permanently face
multitasking and interruptions. Data overload, meaningless complexity, interrup-
tions, administrative burden, ineffective regulatory requirements, and fragmented
provider-based (rather than patient-based) care are some of the most important bar-
riers to error prevention in hospital environments. Care delivery is further impaired
by poor communication, inadequate structure, staffing issues and wrong incentives.
These errors persist not because physicians and nurses are ignorant, but because the
current systems of care make it very difficult to implement the right decisions [9].

Table 1 The chance for omission or error increases exponentially with the number of steps in
a complex multi-step process emphasizing the need for very high reliability in each step. Adapted
from [49] with permission

Probability of Success for Each Step in the Process
Number of Steps 0.95 0.990 0.999 0.999999
1 0.95 0.990 0.999 0.9999
25 0.28 0.78 0.98 0.998
50 0.08 0.61 0.95 0.995
100 0.006 0.37 0.90 0.990
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The “Checklist Manifesto”: Role of Checklists in Enhancing
Patient Safety and Prevention of Medical Error [10]

Studies of human error have identified the key role of cognitive ergonomics and
human factors engineering in designing improved care delivery processes and de-
vices [8, 9]. Embracing a safety culture, limiting the number of steps (‘less is
more’), enhancing and prompting clear prioritized information, patient- and family-
centered care delivery (integration of values, beliefs and advanced directives), im-
proved communication and coordination (hand-offs, physician extenders) are all
needed for safe and efficient critical care delivery. Considering the exponential
spreading of medical knowledge, it appears obvious that clinician memory can-
not store and retrieve all of it, particularly during acute care support [9]. Medical
textbooks and current guidelines provided by major scientific societies display ex-
haustive information for best practice, but may be complex to use as an efficient
decision support at the point-of-care [11].

Multiple tools have recently been developed, tested and validated to enhance
both efficiency and fidelity of acute care delivery. These include: Multidisciplinary
rounds, daily goals of care sheets, smart alarms, dashboards and decision supports.
Analogous to the complex industry environment (e. g., aviation, nuclear power
plants), simplified checklists and care ‘bundles’ have been recently introduced on
a large scale in various medical settings (Table 2) [12, 13].

Worldwide implementation of a relatively simple World Health Organization
(WHO) surgical safety checklist led to improved outcomes across three conti-
nents [14]. Protocolized procedure bundles have similarly lead to the dramatic
reduction in vascular device complications across multiple institutions [12]. The
introduction of “goals of care sheet” [15] and checklist prompting during daily
rounds [16] have both led to substantial improvements in efficiency and reliability
of daily plan of care, and were associated with decreased complications.

In order to be helpful at the point-of-care, checklists and algorithms need to fo-
cus on brief prioritized information [17, 18]. Checklist effectiveness also relies on
an appropriate display [19] and depends on the integration of the tool into bedside
practice. This is often achieved using verbal prompting by the team leader or an-
other designated clinician [20, 21]. Standardized processes spur teams to interact
and communicate to find the best strategy in ensuring compliance with each care
component [22].

‘Golden Hours’: The Importance of Error-free Care Early
in the Course of Acute Critical Illness

The burden of medical error, omission and waste are especially exacerbated dur-
ing the early course of critical illness when timely and efficient intervention are of
paramount importance for patient outcome. The consequences of inadequate care
delivery at the onset of acute critical illness are elegantly summarized in the words
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Fig. 1 Golden hours: Importance of minor delays in applying rapid interventions to acutely ill
patients in shock. From [28] with permission

of one of the fathers of critical care support, the late Peter Safar: “The most sophis-
ticated intensive care becomes unnecessarily expensive terminal care . . . ” [23].

This intuitive concept, renowned as the ‘Golden Hour’, has informed trauma care
since the second half of the 20th century [24, 25], but has yet to be widely adopted in
most other critical care conditions. The non-linear trajectory and time-sensitive na-
ture of acute critical illness is characteristic of the complex systems [26]. During the
vulnerable period immediately prior to ‘phase transition’, seemingly minor errors,
omissions or delays can profoundly alter the patient trajectory. Simple interven-
tions (fluid bolus, oxygen, transfusion, thrombolytic reperfusion), while beneficial
during early hours of critical illness may lose effectiveness or even become harmful
later in the course of critical illness (after the ‘phase transition’) [27]. The im-
portance of timely recognition and appropriate treatment of acute critical illness is
nicely illustrated in Fig. 1, showing the importance of minute delays in the rapid
application of basic critical care support to patients in shock [28]. More recently,
a multicenter quality improvement intervention targeting patients with severe sep-
sis in the emergency department showed that rapid implementation of early bundle
elements (i. e., appropriate empiric antimicrobials, fluid bolus, lactate) was asso-
ciated with aborted progression of organ failures making the patients “ineligible”
for subsequent bundle elements (inotropes, steroids, transfusions, low tidal volume
ventilation for ARDS) [29].
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Regardless of how advanced hospital settings are, expected advantages of critical
care support will be impaired if front-line clinicians fail to apply best practices
in a timely manner. Therefore, avoiding diagnostic errors and therapeutic delays
during these first minutes and hours of the care process (‘golden hours’) is necessary
to prevent costly complications, preventable death and disability [16, 30].

Despite the notion of the importance of ‘golden hours, Table 2 shows that the
most acute care checklists are concerned with day-to-day care and procedure man-
agement. The critical, early period that often occurs outside of the ICU (in the
emergency department, hospital ward or recovery room) is largely ignored and
checklist use anecdotal. This gap is particularly deep in non-surgical settings where
checklists and algorithms generally do not address early recognition and treatment
of acute illness, apart from cardiopulmonary resuscitation (CPR) [31], which is of-
ten too late!

Structured Approach to Early Recognition and Treatment
of Acute Critical Illness

The traditional linear approach, from history and examination to diagnosis and
treatment, too often leads to delays in appropriate care and an alternative, iterative
approach of addressing life-threatening physiologic disturbances and reviewing the
response concurrently with the identification and treatment of underlying condition
has been recommended (Fig. 2) [32, 33].

Accurate diagnosis is often elusive during the early stages of critical illness in
which vastly different underlying conditions may trigger similar and/or interre-
lated physiologic disturbances leading to a limited number of acute presentations

Phase 1
History

Examination

Investigations

Diagnosis

Treatment

Short history
Examination

Tests

Preliminary
diagnosis &
treatment

Review
reponse

Fix
physiology

Phase 2

Ph
as

e 
3

Fig. 2 Contrasting linear vs. iterative approach to initial management of acutely ill patients,
adapted from the ESICM PACT module on Clinical Examination [32]
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(Box 1) [34]. The timely and appropriate management of these key presentations
followed by syndromic diagnoses (shock, respiratory failure, increased intracranial
pressure, acute coronary syndrome, etc.), often without full understanding of the
underlying condition, constitutes the basics of the acute care of critically ill pa-
tients. Keeping in mind the challenges clinicians are facing during early stages
of acute critical illness, and the fact that experienced specialist help is often de-
layed, it is not difficult to imagine the advantages of a systematic and disciplined
method that can consistently combine and articulate key diagnostic and therapeutic
interventions [35]. Of note, even experienced clinicians are prone to making ba-
sic errors during emergency situations exposing patients to harm and clinicians to
litigation [36].

Box 1:
Common Presentations of Life-threateningConditions
� Shortness of breath
� Hypotension
� Chest pain
� Arrhythmia
� Altered mental state
� Abdominal pain
� Sepsis
� Gastrointestinal bleeding
� Trauma
� Intoxication/overdose
� Postoperative

One of the first examples to the systematic and standardized approach to life-
threatening illness is the development of the mnemonic ‘ABC’ by the late Dr. Safar
and colleagues in the early 1960 s in order to standardize the immediate care of
patients with cardiac arrest [37]. In the 1970 s, Dr. Styner extended the context of
the initial ABC approach for the evaluation of critically injured trauma patients and
formed the basis of the Advanced Trauma Life Support courses [38]. The ABCDE
approach has been implemented into trauma settings successfully for many years.
Box 2 provides an example of the ABCDE checklist suitable for various acute care
environments.
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Box 2:
Example of an ABCDE checklist

A Airway compromise
Stridor
Wheezing

B Poor air entry
Crackles
Work of breathing

C 1EKG monitor
Weak pulse
Mottling

D 2AVPU
Seizure
Focal deficit

E Abdominal distension
Bleeding
3Skin

1 Sinus, bradycardia, supraventricular tachycardia, ventricular ta-
chycardia, ventricular fibrillation, ST changes
2 Alert, verbal responsive, pain responsive, unresponsive
3 Edema, rash, jaundice, wound

The advantage of the structured approach to life-threatening emergencies has been
elegantly demonstrated in a recent study [18]. In this study, the use of checklists
by operating room teams markedly decreased critical omissions (23 % vs. 6 %,
p < 0.001) in a high fidelity simulation of 106 surgical crises scenarios. Unfortu-
nately, apart from CPR, which is too late, a similar checklist approach is largely
missing during golden hours outside operating room and trauma settings [36].

Figure 3 outlines the key elements of a structured approach to acute life-
threatening illness or injury: Primary survey to address immediate life-threats
(need for CPR, ABCDE bundle) followed by secondary survey to assess each organ
system, identify relevant syndromes and, in parallel, initiate emergent therapies.

Emerging Technologies: Information Displays, Cloud Computing
andMobile Devices

The advances in information technology, medical informatics and human factors
engineering, have provided a tremendous opportunity for the development of novel
and user-friendly checklists and decision support tools that can be widely applied
in a complex and busy acute care settings [9]. To be successful, these applications
need to reduce information overload and the potential for error, facilitate adherence
to practice guidelines and enable clear communication and collaborative decision
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Fig. 3 Outline of the structured approach to early recognition and treatment of acute illness. ABG:
arterial blood gases; CBC: complete blood count; COPD: chronic obstructive pulmonary disease;
CPR: cardiopulmonary resuscitation; CT: computed tomography; DNR: do-not-resuscitate; ECG:
electrocardiography; HR: heart rate; ICU: intensive care unit; RR: respiratory rate; SpO2: periph-
eral oxygen saturation; Temp: body temperature; UOP: urine output; US: ultrasound
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making between all members of health care team, patients and families. To facilitate
high quality, high value health care behaviors, information display and functionality
need to be designed using cognitive ergonomic principles and integrated into the
clinician workflow in a manner that facilitates, rather than disrupts, care delivery.

Two years of provider surveys and field observation in medical and surgical ICUs
of the Mayo Clinic have provided a robust framework for the prioritization of high
value data for the management of critically ill patients [39]. The investigators iden-
tified no more than 50 data points that are commonly used by ICU experts. These
50 data points are prioritized on the novel user interface depending on the task at
hand [40]. Knowledge translation is facilitated by smart alerts and real time access
to evidence-based checklists. Collaborative workspace provides a shared view of
the plan of care with patient specific tasks, status checks and reminders enabling
the clear communication of the goals of care and their status to all members of the
multidisciplinary team including the patient and family. Availability of key patient,
process and outcome data in an electronic format provides easy access to scheduled
and on demand reports of quality metrics and outcomes.

Using real-time data feeds and standardized patient care tasks in a simulated
acute care environment, this novel interface was shown to have a significant advan-
tage over the conventional electronic medical record in reducing provider cognitive
load and errors [41]. Direct comparisons between electronic and paper checklists
have not been done. Despite the potential pitfalls (need for additional training,
reliable hardware, software and network) electronic checklists and decision sup-
ports offer some compelling advantages including, but not limited to, global access
using mobile computing devices, standardized updates based on new knowledge
and wide user feedback, versatile display capabilities (hyperlinks, videos and an-
imations) which facilitate the processing of vast patient information and medical
knowledge. In addition electronic tools obviate the need for paper products and its
transport, thereby reducing associated cost and pollution.

Rapidly increasing access to mobile phones and cellular networks even in remote
and resource-poor settings have recently enabled previously unimaginable, success-
ful quality improvement interventions in rural Africa [42]. Cloud computing tech-
nology is also evolving swiftly, providing easy shared access to information with an
almost unlimited/scalable storage capability increasing the ability for widespread
knowledge translation. Using the approach outlined above and inspired by a sur-
gical crisis checklist [17, 18], a multidisciplinary, international team of acute care
clinicians is testing the effectiveness of electronic decision support (CERTAIN –
Checklist for Early Recognition and Treatment of Acute Illness) in critical care
environments across Eastern Europe, Asia, Africa and Central America [43, 44].

Implementing Checklists at the Bedside of Acutely Ill Patients

Regardless of the format (paper vs. electronic), checklist implementation often
encounters cultural barriers, particularly among physicians. Perceptions on limi-
tation of autonomous judgment, checklist dependency and questioning someone’s
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seniority, knowledge and skill pose significant challenges to the implementation
process [45]. Clinicians are often worried about over-standardized care processes
ignoring the critical illness complexity (‘cookbook medicine’). But despite these
challenges, the checklist approach provides a framework to ensure the best care and
a guardrail to avoid errors and omissions during diagnostic and therapeutic courses.
Rather than replacing the bedside clinician, these tools are designed to help struc-
ture his/her reasoning (focus, precision, reminder, lucidity) and action in spite of
facing fatigue and stressful conditions [46].

Assessing the information needs at the point of care is a key prerequisite for
designing improved care delivery processes and devices that can fit in clinician
workflow. PDSA (Plan-Do-Study-Act) cycles of field observation, surveys, inter-
views, workflow observations are necessary in order to meet the needs of frontline
clinicians. Beta testing and validation of such tools in a simulated environment is
essential before implementing them into clinical practice. Similar to any quality im-
provement projects, the checklist should be reviewed, refined and updated regularly.
Senior leadership support is essential to overcome political barriers to the patient-
centered (as opposed to the provider-centered) checklist processes. “The model for
improvement” [47] is a powerful framework used by many health care organizations
to accelerate the improvement of health care processes and outcomes [13, 48].

Conclusions

To fully realize the anticipated patient benefit while treating acute critical illness,
clinicians ought to embrace systematic reasoning and a reliable approach to pro-
mote early recognition and ensure timely and appropriate treatment. In the current
system, much of the effort in critical care is reactionary rather than proactive in im-
plementing best practices aimed at preventing complications. A structured, reliable
and error-free approach to the management of acutely ill or injured patients during
the early, most vulnerable period is facilitated by point-of-care checklists and algo-
rithms containing brief prioritized information. This approach is rapidly spreading
in trauma and operating room settings and other acute care environments should
follow soon.
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