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Part I

Organizing Intensive Care



Chapter 1

Organizational Change in Critical Care: The

Next Magic Bullet?

Gordon D. Rubenfeld and Damon C. Scales

Abstract Unlike other fields of medicine, critical care is not defined by a unique

procedure or, in some countries, even by a unique type of clinician. While often

defined geographically as in, critical care is what happens in an intensive care unit,
this definition has become increasingly untenable as critical care is frequently

provided in emergency departments, on wards, and during transport. Therefore,

the innovation we recognize as modern critical care is less a technologic creation

and more of an organizational innovation. This book is designed to offer evidence-

based solutions to important questions. How might outcomes improve without a

specific targeted improvement in measurable processes? Who should deliver crit-

ical care and what sort of training should they have? How do you facilitate and

enhance team communication and leadership? Can critical care be optimized by

regionalizing, specializing, or outreach? How can care be organized under extreme

scenarios of pandemic and limited resources? Can staff burnout be prevented or its

effects mitigated? Our field has an even greater responsibility to incorporate the

available information on organizing critical care and improving quality at the

hospital level as we are developing more compelling evidence for patient level

interventions.

Keywords Care • Treatment • Observation • Intervention • Definition

Unlike other fields of medicine, critical care is not defined by a unique procedure or,

in some countries, even by a unique type of clinician. While often defined geo-

graphically as in, critical care is what happens in an intensive care unit, this
definition has become increasingly untenable as critical care is frequently provided
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in emergency departments, on wards, and during transport. Dialysis, mechanical

ventilation, intubation, noninvasive ventilation, and monitoring all occur through-

out the hospital and are performed by a variety of clinicians so also cannot be used

to define the field. Therefore, the innovation we recognize as modern critical care is

less a technologic creation and more of an organizational innovation. Critical care is

defined by the ability to focus human and technologic resources in a specific place

or at a specific time to deliver monitoring and care to patients with acute clinical

decompensation or who are at high risk of such a deterioration. This seems a

cumbersome definition for a specialty and, in fact, it is this dynamic organizational

definition that plagued the field’s maturation in its early years [1].

Data from studies in the earliest years of the twenty-first century pose a difficult

question for the critical care community and for advocates of evidence-based

medicine. Several of these studies suggest that the outcomes for our most common

diagnoses, ARDS and sepsis, are improving over time [2]. This contrasts starkly

with a disappointing series of clinical trials in mechanical ventilation, pharmaco-

therapy, nutrition, invasive monitoring, and other treatments that have either failed

to replicate early successes or to validate well-conceived hypotheses. In fact, other

than the general sense that low tidal volume ventilation, protocolized weaning, less

sedation, and more fluid and antibiotics early in sepsis are beneficial, intensivists

are hard pressed to identify the innovations that might explain falling mortality. Of

course, the studies showing improved outcomes in critical care may simply be

wrong; the results of coding changes or selection bias for admission to the ICU.

There may also be clinical strategies that actually work whose benefit we simply

have been unable to demonstrate in clinical trials because the studies are under-

powered or poorly designed. Certainly, there have been no pharmaceutical discov-

eries for sepsis or ARDS to explain falling mortality rates.

In this book we will explore an alternate explanation for the observation that

mortality rates in critical illness are falling despite a lack of identifiable new

treatments. It is possible that a field that is essentially founded on organizational

innovation might exploit this fact to optimize outcomes by improving the funda-

mental organization of care delivery rather than delivery of a specific therapy or

device. This may seem counterintuitive because mechanistically we believe that

any improvements in outcome must be caused by a change in a therapy that we

know works. Available evidence suggests this is not always the case. Two notable

examples will suffice. The Surviving Sepsis Campaign using a multifaceted quality

improvement strategy documented a 5 % absolute mortality reduction which trans-

lates to an impressively small number needed to treat of only 20 [3, 4]. This

mortality reduction is even more remarkable when two factors are taken into

account. First, most of the items on the Surviving Sepsis Campaign checklist

including drotrecogin alfa, low dose steroids, and glucose control have since been

shown to be either ineffective or harmful. The hemodynamic endpoints of resusci-

tation including a central venous pressure target and oxygenation are currently

being critically evaluated and also may fall away. Second, Surviving Sepsis essen-

tially failed as a quality improvement intervention to improve process measures.

Adherence to the entire bundle of treatments increased marginally in both of the

4 G.D. Rubenfeld and D.C. Scales



multicenter studies. How can a barely effective quality improvement project

targeted at treatments that mostly do not appear to be effective reduce mortality?

A second quality improvement study evaluated the implementation of a preop-

erative checklist on surgical outcomes [5]. This study, carried out in 8 hospitals and

evaluating nearly 4,000 patients, demonstrated a halving of mortality and compli-

cation risk. Overall, these mortality and complication reductions were associated

with improvement in specific processes of care such as use of a pulse oximeter and

completed sponge count. However, a careful examination of site-specific data

discloses that the centers with the greatest effect on processes of care did not

have the greatest change in outcomes and some centers with improved outcomes

did not appreciably change their processes of care with the intervention. Again, the

changes in outcome did not appear to be specifically linked to changes in specific,

evidence-based, processes of care.

It is possible that the outcome improvements in both studies are simply wrong

and reflect limitations in the study designs and analyses. However, perhaps the most

surprising observation about this lack of association between outcome improve-

ment and process of care is that there is nothing at all unexpected about it. There is a

large body of evidence that suggests that improvements in outcome can occur

without changes in targeted processes of care. In a landmark 1990 paper in

JAMA, the RAND research group noted that variations in mortality in hospitalized

patients with congestive heart failure and myocardial infarction could not be

attributed to variations in processes of care [6]. Some hospitals were delivering

effective therapy with poor outcomes, while others appeared to achieve better

outcomes without using the therapies identified as high quality. This suggests that

the mechanisms of outcome improvement are complex and may not work via the

treatments we think we understand.

The authors in this book have tried to address these complex pathways by

unpacking the organization of critical care. How might outcomes improve without

a specific targeted improvement in measurable processes? Who should deliver

critical care and what sort of training should they have? How do you facilitate

and enhance team communication and leadership? Can critical care be optimized

by regionalizing, specializing, or outreach? How can care be organized under

extreme scenarios of pandemic and limited resources? Can staff burnout be

prevented or its effects mitigated? These chapters do not address specific ventilator

settings or resuscitation endpoints but may provide advice on improving outcome in

ways that are much more effective when specific recommendations on many

treatments are not yet clear. The authors have identified many possibilities by

building on lessons from disparate fields including organizational psychology,

behavioral economics, and crisis management. If the care of critically ill patients

involves getting dozens of little things right every single day rather than delivering

one or two key medications correctly, improved organization and communication

can ensure reliability. Organizing information is an important part of effective

communication and can allow clinicians to make more correct decisions.

There are challenges to developing evidence and recommendations about critical

care organization. The unit of analysis, almost by definition, in these studies is

1 Organizational Change in Critical Care: The Next Magic Bullet? 5



care at the level of the hospital. This can cause confusion in interpreting research

results. For example, many studies have explored the effect of trained intensivists’

leadership of critical care units on outcome [7]. Almost uniformly, these studies

show a benefit from this organizational approach, although this is defined in various

ways across the studies. One study even appeared to demonstrate harm from

intensivists’ leading care [8]. However, close examination of this outlier study

showed that the research question addressed was different in an important way

[9]. Instead of studying the organization of the ICU, the researchers looked at the

type of physician caring for an individual patient in the ICU. They found an

association between care of an individual patient by an intensivist and increased

harm. However, this is a fundamentally different research question than the orga-

nization and leadership of the ICU. It is also particularly susceptible to the bias

introduced by the decision to admit a particular patient to one type of physician

versus another. This study demonstrates how important it is to be clear about the

difference between a study evaluating the organization of the ICU versus who is a

patient’s doctor.

Research on organization is also challenging because trials that randomize

individual patients are usually not feasible leading to quasi-experimental and

observational designs. The interventions can rarely be blinded. In an important

way, the sample size of organizational studies is the number of units studied not the
number of patients. Therefore, evidence is derived from cohort studies of relatively

few sites compared to the number of patients where organizational characteristics

are associated with outcome, and this limits the power of these studies to detect

differences between sites. Other common study designs are before-after or time-

series experiments where organizational changes are implemented over time. These

studies are inherently susceptible to biases due to selection of patients, coding of

outcomes, confounding from changes in the severity of illness, secular trends, and

regression to the mean.

Because of these study design limitations, the results of studies on critical care

organization need to be considered in your local context of care. For example, there

is mixed, but persuasive data that patients who are discharged from an ICU during

off-hours have poor outcomes with increased mortality and a greater likelihood of

readmission [10]. However, a busy trauma center with limited beds might need to

discharge patients at night from the ICU to maintain 24 h access to critical care

beds. In the face of frequent off-hours transfers, this hospital would face a chal-

lenging decision with two potential opposing risks: discharging patients at night

from the ICU or boarding critically ill patients in the emergency department until

the morning when ICU beds could be made available. Depending on how this

hospital uses its ICU beds and stepdown beds, nursing staffing on the floor, and the

availability of an ICU outreach team, off-hours discharge might actually be safer

than emergency department boarding. A reasonable approach would be for this

center to look at the outcomes of the patients discharged off-hours and verify in

their center the safety or harm of this practice. It is important to realize that

organizational issues reflect average effects across many hospitals, and the

6 G.D. Rubenfeld and D.C. Scales



individual effect in a given hospital might vary and may need to be specifically

evaluated.

In 1908 Paul Ehrlich hypothesized that the newly discovered dyes that stained

bacteria but not normal cells might be adapted to target what were increasingly

realized as the causes of sepsis. He reasoned that these Zauberkugeln or magic

bullets would kill bacteria but not people. Based on this hypothesis, Gerhard

Domagk tested hundreds of azo dye compounds and eventually discovered that

the bright red dye sulfamidochrysoidine (Prontosil) killed bacteria in mice. The

initial clinical experience was indeed magical; reducing mortality in bacteremic

streptococcal sepsis from 71 to 27 % [11]. Critical care continues to look for

treatments with effects like the antibiotic magic bullets for sepsis with limited

success. Despite this failure at finding blockbuster discoveries, outcomes appear to

be improving likely through the complex organizational and quality measures

described in this book. As noted, a frequent, but frustrating, lesson from these

types of interventions is that the exact mechanism of their effects is not always

clear. Here the magic bullet story provides some reassurances for those skeptical of

the value of organizational improvement in the absence of understandable mecha-

nisms. It turns out that the entire dye-staining hypothesis was incorrect and

Prontosil’s mechanism and efficacy was unrelated to its color; but was due to it

serendipitously being the pro-drug for colorless sulfonalimide. The evidence that

organizational change and quality improvement can improve outcome in critical

care is compelling, and the fact that we don’t yet fully understand their mechanisms

should not prevent us from using them to improve care or from carefully studying

them to better implement them.
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Chapter 2

Origins of the Critically Ill: The Impetus

for Critical Care Medicine

Matthew R. Rosengart and Michael R. Pinsky

Abstract The history of the organization of critical care medicine mirrors the

evolution of modern medicine as it has evolved into the management of acute

illness. This acute, highly specialized care is provided by anesthesiologists, sur-

geons, and internists, and its origins can be found within these specialties. Critical

care medicine is often associated with complex life-saving treatments, and thus we

can track the origins of critical care medicine to the treatment of respiratory failure

with mechanical ventilation, severe infections to antiseptic treatments and anti-

biotics, and cardiovascular insufficiency to hemodynamic monitoring and pharmaco-

logic support. But critical care medicine embodies more than a collection of

treatments. It is a health care delivery process demanding specially skilled health

care providers (physicians, nurses, respiratory therapists, pharmacists, and physical

therapists) within an organizational framework that titrates often conflicting treat-

ments, minimizes potential treatment errors, and promotes the safe and efficient

application of appropriate and timely care.

Keywords Critical care medicine • Intensive care unit • Mechanical ventilation

• Antisepsis • Hemodynamic monitoring • Cecil Drinker • Joseph Lister • H.J.C.

Swan • William Ganz

Critical care medicine is the management of the unstable patient who needs titration

of care, often life-saving, on a moment-to-moment basis. That such care is similar
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to that provided by anesthesiologists in the operating room in high-risk surgeries,

surgeons in the Emergency Department treating trauma victims and internists for

those with primary circulatory shock or respiratory failure defines its origins within

these specialties. Furthermore, specialized expertise with life-saving treatment

often requiring complex mechanical artificial life-support systems characterizes

treatments. Indeed, critical care medicine is often associated with the complex life-

saving treatments given as much as the close labor-intensive monitoring and

management it demands. Thus, we can track the origins of critical care medicine

to the treatment of respiratory failure with mechanical ventilation, severe infections

to antiseptic treatments and antibiotics, and cardiovascular insufficiency to hemo-

dynamic monitoring and pharmacologic support. But critical care medicine is more

than a collection of treatments; it is a health care delivery process demanding

specially skilled health care providers (physicians, nurses, respiratory therapists,

pharmacist, and physical therapists) within an organizational framework that

titrates often conflicting treatments, minimizes potential treatment errors, and pro-

motes the safe and efficient application of appropriate and timely care. The history

of the evolution of critical care medicine into what it is today is also the history of

modern medicine as it has evolved in the management of acute illness (Fig. 2.1).

Mechanical Ventilation

The ability to artificially support failing ventilation with mechanical positive-

pressure ventilation provided an initial and pivotal impetus to the development of

the ICU and critical care medicine. Recording on the use of mouth-to-mouth

resuscitation can be traced back to the Old Testament, in which it is described

that the Prophet Elisha successfully resuscitated a dead child. In the sixteenth

century, the Swiss alchemist and physician Paracelsus first provided artificial

ventilation to both animals and dead humans using fireplace bellows [1, 2]. In

1543 Vesalius explored this concept and published his classical work “De Humani

Corporis Fabrica,” [1–3] in which he described the ability to keep animals alive by

rhythmic insufflation of air into the trachea. These are the first known applications

of intermittent positive-pressure ventilation (IPPV) under controlled conditions.

Subsequent advancements in positive-pressure ventilation would await means of

secure tracheal cannulation through which ventilation could be reliably delivered.

Matas in 1902 first described an automatic respiratory apparatus, which employed a

metal laryngeal cannula, guided by extrinsic palpation into the trachea [4–7]. In the

beginning he used a double pump giving intermittent positive–negative pressure

ventilation (IPNPV). Continued efforts to develop the techniques of laryngoscopy

and endotracheal intubation were uniformly discouraging, and emphasis shifted to

the use of subatmospheric (i.e., negative pressure) devices to create the driving

pressure necessary for tidal breathing.

In 1904 Sauerbruch introduced his low-pressure chamber for use in thoracic

surgery, which provided continuous positive airway pressure (CPAP) ventilation
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[1, 8, 9]. In this initial prototype both surgeon and patient were enclosed with only

the patient’s head emerging through an airtight neck collar. It was soon realized that

CPAP yielded ineffective ventilation, and oxygen had to be administered to prevent

cyanosis [2]. Volhard [10] claimed that it was this oxygen supply, rather than the

differential pressure method, that was responsible for the success of Sauerbruch’s

method. Thus, CPAP was correctly identified as a form of apneic diffusion oxy-

genation, a term introduced by Holmdahl [11].

With the emergence of the great polio epidemic, efforts to support failing

ventilation were further strengthened. In 1918 Dr. Steuart constructed an airtight

wooden box, which sealed the patient at the shoulders and waist and powered gas

exchange by motor-driven bellows [9]. In 1929 Dr. Cecil Drinker, a Harvard

University Professor of Physiology, combined efforts with his brother Philip and

developed the negative-pressure tank ventilator, which subsequently became

known as the “iron lung” [12, 13]. This monumental discovery was a serendipitous

idea generated while observing a colleague quantify the respirations of an anesthe-

tized cat enclosed in a metal box sealed at the neck. Recreating the experimental

model, Drinker, by pumping air in and out of the box was able to sustain the

paralyzed cat for hours [13]. It would be during the late 1940s, as polio ravaged

both Europe and North America, that the Drinker tank ventilator would be first used

to provide ventilatory support to a polio stricken child at Boston City Hospital.

Fig. 2.1 Evolution of critical care medicine 1500–2000
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The tanks became widely accepted and employed as a life-saving measure. Though

numerous improvements upon the design of delivering intermittent negative-

pressure ventilation (INPV) would subsequently follow, the system was not effi-

cient in totally paralyzed patients.

The Danish anesthesiologist Ibsen [14] therefore suggested that tracheostomy

and manual bag ventilation with IPPV of the patient replace the cuirass and body

respirator. During the poliomyelitis epidemic in Denmark, patients were brought to

the University Hospital in Copenhagen. The medical school was closed and the

medical students were called upon to manually ventilate the patients in shifts.

Lassen and Ibsen emphasized basic principles of airway management: protection,

humidification, avoidance of elevated oxygen tension, and meticulous physio-

therapy [14, 15]. This approach resulted in a drop in mortality from 80 to 25 %.

The respiratory ICU was born.

The introduction of the Salk and Sabin vaccines brought eradication of polio;

however, controlled airway management and positive-pressure mechanical venti-

lation had become established standards of practice. Giertz in 1916 [16] clearly

demonstrated that artificial ventilation by rhythmic insufflation was superior to the

differential pressure method of Sauerbruch. He collaborated with an otolaryngo-

logist who had developed a series of endotracheal and endobronchial tubes and

conceived the idea for an air-driven ventilator. His successor, Crafoord, a renowned

cardiothoracic surgeon in Sweden, ended the dominance of Sauerbruch’s method by

introducing “the Spiropulsator” in thoracic surgery [1, 17]. Mörch presented his

piston ventilator in 1947 primarily for use in the operating room during thoracic

surgery, but it was Björk and Engström who in 1955 introduced the use of prolonged

mechanical ventilation by a machine in the postoperative period after lung surgery

[18, 19]. At that time, Engström had already demonstrated the advantage of his

ventilator in the treatment of totally paralyzed polio victims during the Copenhagen

epidemic [20]. From this time onward, mechanical positive-pressure ventilation of

patients with endotracheal intubation became not only common place but also the

center piece of ventilatory support in critical care medicine.

Antisepsis

Since the birth of recorded civilization, death from infection has been the most

common cause, regardless of the initial problem. Women died in childbirth from

either hemorrhage or sepsis. Pneumonia was aptly referred to as the “old man’s

friend.” Surgery too was limited in its success primarily by pain, bleeding, and

ultimately, infection. However, by the mid-nineteenth century, surgery had tra-

versed the theoretical and had become a reality. The discovery of anesthetics

(chloroform, nitrous oxide) eliminated the trepidation of pain, and the incidence

of surgery was accelerating at an exponential pace. Now death consequent to

wound sepsis remained the primary fear, and its incidence paralleled that of surgery

itself.
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In 1861 a new surgical facility was constructed at Glasgow with the purpose of

reducing the incidence of operative sepsis and its high associated mortality. Its first

director was Professor Joseph Lister [21, 22]. His initial efforts proved to be in vain,

as approximately 50 % of his amputation cases died of sepsis. During this period,

Louis Pasteur was demonstrating that fermentation resulted from small microbes,

rather than gases of air. This information was relayed to Lister, who reasoned that

fermentation mirrored the processes of wound suppuration and speculated that

these same microbes were the etiology of wound sepsis. Concomitantly, an engi-

neer named Crooks had eliminated the malodor of sewage in Glasgow by adding

carbolic acid. Uniting these concepts, Lister began applying carbolic acid dressings

and thereby reduced the incidence of wound sepsis. In 1877, as Chair of Clinical

Surgery at King’s College, Lister introduced antisepsis to surgery and simulta-

neously eliminated both the smell of wound sepsis and those who denounced his

theories. That same year, under aseptic technique, Lister performed an open patella

repair, an intervention that previously had often resulted in death. News of the

operation was widely publicized, and its success was instrumental in forcing

surgical opinion throughout the world to accept that his methods greatly added to

the safety of operative surgery [21, 22]. A new population was thus developed that

required ICU care: the postoperative patient.

Hemodynamic Monitoring

It is astonishing that no one has arrived at the following obvious method by which the

amount of blood ejected by a ventricle of the heart with each systole may be determined

directly. . .

In 1870, with this introduction, Fick [23] described how to compute an animal’s

cardiac output (CO) from arterial and venous blood oxygen measurements.

CO ¼ VO2= Ca � Cvð Þ

Fick’s original principle was later adopted in the development of Stewarts’s

indicator-dilution method in 1897 [24]. Stewart injected a bolus of a sodium

chloride solution into the central venous circulation of anesthetized dogs and

rabbits, and then collected blood samples containing diluted sodium chloride

from a femoral artery catheter. An electric transducer on the contralateral femoral

artery sensed the arrival of diluted injectate. Fegler [25] first described the use of

thermodilution for measuring cardiac output.

The clinic use of these techniques would not arrive until 1968. Though it is to

Swan and Ganz that we attribute the pulmonary artery catheter (PAC) and the birth

of clinical hemodynamic monitoring, it is in fact R.D. Bradley who first described

the use of a miniature flow-directed PAC and its use in critically ill patients

[26, 27]. In collaboration with M.A. Branthwaite, he described the assessment of
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cardiac output by thermal dilution using a thermistor mounted on the tip of the

catheter [28]. However, it was adapting a balloon to the tip, as first demonstrated by

M. Lategola, that enabled the development of the flow-directed PAC to measure

pulmonary artery occlusion pressure, as we understand it today [29].

In 1951 Dr. Swan immigrated to America to work at the Mayo Clinic under the

tutelage of Dr. Earl Wood, playing an integral role in the development of indicator

dilution techniques, using indocyanine green [30, 31]. Dissatisfied with life in a

communist system, Dr. Ganz emigrated to America in 1966, joining Dr. Swan in the

Department of Cardiology of the Cedars of Lebanon Hospital [30, 31]. In 1968 they

began to work together on the development of a flow-directed catheter [31]. Dr.

Swan’s conception of the flow-directed PAC occurred in a brief moment of

enlightenment during an outing with his children in Santa Monica [31]. In the

days preceding this event, he had used, to little success, a Bradley thermodilution

catheter in managing an elderly patient. Dr. Swan noted that among the sedentary

sailboats in the harbor, a large spinnaker was moving through the water at a

reasonable speed. He contemplated that a sail or parachute anchored to the end of

a highly flexible catheter might facilitate the safe passage of the device into the

pulmonary artery. This original proposal triggered the concept to attach an inflat-

able balloon to the tip of a highly flexible catheter. Through the support of Edwards

Laboratory, the company that had developed the Starr–Edwards heart valve and the

Fogarty embolectomy catheter, he manufactured the first flow-directed PAC [30–

32]. Dr. Ganz piloted their invention in an anesthetized dog. Upon balloon inflation,

the catheter floated through the right heart into the pulmonary artery, “wedging”

itself into a small arterial branch. The transduced waveform represented the pres-

sure in the distal pulmonary artery. In the decades that ensued the catheter gained

universal acceptance and widespread use in the management of all critically ill

patients.

The introduction of the PAC in 1970 and its subsequent use in performing

thermodilution CO measurements in humans translated the ability to measure CO

from the experimental physiology laboratory to multiple clinical settings. Follow-

ing the introduction of the PAC into clinical practice, the single-bolus

thermodilution measurement of CO has been widely accepted as the “clinical

standard” for advanced hemodynamic monitoring. The ability to monitor CO is a

cornerstone of hemodynamic assessment for managing critically ill patients.

Intensive Care as an Organizational Rather Than Technologic
Invention

The Unit

Nightingale [33] is considered to be the first to have utilized an intensive care unit

(ICU). Serving on the British side in the Crimean War (1850–1854), she collected

14 M.R. Rosengart and M.R. Pinsky



the worst injured and most infirmed soldiers in an area close to her nursing station,

where she could maintain a constant eye on their condition and provide expeditious

care when needed. However, it was the establishment in 1929 by Dr. Walter Dandy

of the Johns Hopkins Hospital of a three-bed unit for postoperative neurosurgical

patients that heralded the development of geographic centralization of critically ill

patients, the ICU, in the USA [34].

No similar efforts involving intensive care were reported until the worldwide

epidemic of poliomyelitis in the early 1950s. Many acknowledge that the world’s first

ICU, as defined as “a ward where physicians and nurses observe and treat ‘desper-

ately ill’ patients 24 hours a day,” was developed during this period by Dr. Björn

Ibsen in Copenhagen [35]. The first patient admitted to that unit at 6 p.m. on

December 21st, 1953 was a 43-year old man who had unsuccessfully attempted to

hang himself.

Success of these new techniques in mechanical ventilation spread quickly and

respiratory ICUs were established in many university medical centers especially in

Europe and North America. The Danish anesthesiologists Bendixen and

Pontoppidan, who had both participated in manual ventilation of polio victims in

Copenhagen, immigrated to Boston and established the respiratory ICU at Massa-

chusetts General Hospital [36]. By the late 1950s, ICUs had been established in a

quarter of large community hospitals, and by the late 1960s, this proportion had

expanded to a majority. Peter Safar, the Austrian anesthesiologist, who with Elam

introduced mouth-to-mouth ventilation replacing outdated and inefficient tradi-

tional techniques used in emergencies, such as drowning victims with apnea, started

the first round-the-clock physician covered ICU at Baltimore City Hospital

[37, 38]. He later established the first fellowship training program in Critical Care

Medicine at Presbyterian University Hospital in Pittsburgh after moving to this city

from Baltimore in 1961. Safar is best known as “The Father of Cardiopulmonary

Cerebral Resuscitation” having introduced and outlined the relevant steps of CPCR,

all of special importance in CCM [39].

Parallel with the development of respiratory ICU services, advanced post-

operative care centers also evolved into ICUs. This was initially the case for

postoperative open-heart surgery patients where the combined issues of hemo-

dynamic instability, volume shifts, and arrhythmias made recovery safer in a highly

monitored environment.

The Nurse

The first ICU was introduced by a nurse, and critical care nurses remain one of the

most important personnel categories in ICUs today. Although for decades

constrained to acting only under direct physician order, it was soon realized that

critically ill patients required nurses with special skills and knowledge to take

action, often independent of direct physician supervision. Initially prevented from

performing any medical intervention without a direct order from a physician,

treatment protocols were developed and agreed upon by physicians and nurses
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that not only permitted, but actually required, ICU nurses to intervene in various

acute situations, such as cardiac arrest. Soon, nurses developed their own insights

and procedures. In the USA, in the late 1960s, groups of ICU and coronary care

nurses were meeting to exchange experiences, and in 1969, the American Asso-

ciation of Cardiovascular Nurses (AACN) was created [40]. However in 1971, the

name was changed to the American Association of Critical Care Nurses changing

the acronym to ACCN. This association began holding annual meetings and the

membership has grown enormously in recent years. The AACN also provides for

specialty certification upon examination of qualifying nurses, who then become

critical care registered nurses (CCRN).

The Respiratory Therapist

Since ventilatory support is central to the care of the critically ill, another important

ICU personnel is the respiratory therapist [41]. They supervise and manage the

function of mechanical ventilators and monitor the patient’s respiratory function

during mechanical ventilation and weaning from these devices, as well as, the

spontaneously breathing patients until they can be discharged from the ICU. In

Europe and in most other countries outside North America, these duties are

provided by critical care nurses in addition to all other aspects of patient care in

the ICU. It is unclear if the presence of registered respiratory therapists (RRTs) in

North America has resulted in better respiratory care than in the rest of the world,

since mortality rates for acute respiratory failure are similar across the developed

world. However, the development of a strong respiratory therapy arm in critical

care medicine in North America has certainly helped advance artificial ventilation

development worldwide. In addition to the above categories of caregivers to the

critically ill and injured patients, social workers, nutritionists, clinical pharmaco-

logists, clergy, and others have become important for the complex management of

ICU patients.

Transition from Perioperative Care to Other Diseases

Initially most ICUs were either medical (MICU), focusing upon the treatment of

acute respiratory failure, sepsis or cardiovascular collapse, or surgical (SICU),

primarily treating postoperative surgical patients. Nonetheless, they tended to

favor certain types of patients based on the nature of the hospital patient mix and

the bias of the ICU medical teams. In addition, cardiologists introduced separate

coronary care units (CCU). Notably absent from this initial progress was the

presence of pediatric ICUs. Pediatric intensive care became relevant in pediatric

departments and major hospitals for sick children, and then separately for neonatal

support. In the 1950s, newborn babies weighing less than four pounds were put in

incubators and merely observed. Gradually, the knowledge and technology were
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developed for intubation and mechanical ventilation of smaller newborns, who

were frequently premature, and the neonatal ICU was established.

In the USA, medical ICUs split off as separate units in large, particularly tertiary

care hospitals and became the domain of pulmonary specialists with increasing

emphasis on broader medical aspects of care of critically ill patients. However, this

is not typical for the rest of the world outside North America. Because of the greater

need for intensive care of surgical patients, especially postoperatively after increas-

ingly complex procedures, large hospital facilities established separate ICUs for

general surgery, cardiothoracic surgery, trauma, neurosurgery, burns, and trans-

plantation [42]. Initially, these units were frequently directed by anesthesiologists,

but increasingly, surgical specialists and internists became involved in the man-

agement of these patients. Today many ICUs in smaller centers are combined

medical-surgical ICUs; this separation of care by patient diagnosis persists today.

From a purely functional perspective there is very little difference between the

treatments given to classic MICU and SICU patients outside those directly related

to routine postoperative care.

In 1959, the American Hospital Association (AHA) began to collect statistical

information on ICUs. At that time there were 238 ICUs in short-term acute care

hospitals. However within 6 years, over 90 % of large American hospitals with

more than 500 beds had ICUs. Today practically all acute care hospitals, not only in

the USA but also throughout the world, have at least one ICU. Furthermore, with

the change in health care economics, patients are being discharged sooner, increas-

ing the average disease severity of the remaining inpatients. Furthermore, since

maximal throughput of care usually requires some short-term stays in ICUs, the

proportion of hospital beds being allotted to ICUs has continued to increase

worldwide.

Hospital-Wide Medical Emergency Response Teams (MET)

Today the acute care center is the hospital, and the ICU only one part of this

dynamic diagnosis/treatment complex. However, not all critical illness occurs

within an ICU. In fact, recent studies highlight that up to 17 % of hospital inpatients

suffer serious adverse events [43]. A significant proportion of these events is

unexpected, being unrelated to the admission diagnosis or underlying medical

condition. As such, these events commonly occur in environments ill prepared to

properly address acute medical issues. Traditionally the responsibility of the med-

ical unit or cardiac arrest team, these serious events are typically managed in a

delayed fashion by personnel not specifically or sufficiently trained in acute resusci-

tation [44]. Of great concern is that they may result in excessive attributable

morbidity and mortality [44–47].

The benefits of an expeditious and organized response and treatment team are

well established in trauma and cardiology, and now the management of severe

sepsis and septic shock [48–50]. A logical extension would be to apply these

concepts of critical illness to the general inpatient population. The field of critical
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care medicine has made considerable progress in improving the outcomes of

critically ill patients. Given that most acute illness develops through stages of

deterioration, the logical step surely would be to bring intensive care equipment

and expertise to any acutely ill patient, irrespective of location within the hospital,

in what has been described as creating a “critical care system without walls.”

Critical care physicians and critical care nurses can theoretically deliver such

expertise anywhere in the hospital within minutes.

The medical emergency team (MET) brings this expertise to the patient in a

timely manner and supplies the “efferent arm” of this process of identification of

at-risk patients and rapid delivery of appropriate care designated recently as the

rapid response system (RRS).

RRSs have been introduced into hospitals to identify and treat at-risk ward

patients in an attempt to reduce unplanned ICU admissions and cardiac arrests.

The most common form of RRS is the ICU-based MET first described by Lee and

colleagues in 1995 [51]. The MET differs from RRTs in that the team leader is a

physician, typically with intensive care expertise. The principle of the MET is to

“take critical care expertise to the patient before, rather than after, multiple organ

failure or cardiac arrest occurs” [52]. Because the care of critically ill patients is

their core specialty competency, intensive care doctors and nurses are ideally

placed to provide immediate care to patients who are critically ill [44, 53].

The first evidence of a dose–response effect of the MET was demonstrated by

DeVita. Introduction of objective MET calling criteria resulted in a significant

increase in MET call rates [54, 55]. This was associated with a 17 % reduction in

cardiac arrest rates [55]. Subsequently, it was demonstrated that increasing MET at

a teaching hospital in Melbourne was associated with a progressive and dose-

related reduction in the incidence of cardiac arrest in ward patients [56]. This

study suggested that for every additional 17 MET calls, one cardiac arrest might

be prevented. Other studies have come to similar conclusions [57].

Birth of the Field of Critical Care Medicine

CCM Societies and Congresses

Much of the success of critical care medicine as a recognized field integral to

medicine can be attributed to the development of societies and congresses. As part

of the process of maturing as a discipline, specialists from diverse origins with

common interests in critical care medicine came together to form societies with the

goal of defining core competencies for ICU physicians, providing relevant training

and creating advocacy groups to promote the specialty. Their efforts over the years

have resulted in many major milestones in the advancement of critical care medi-

cine as a medical specialty associated with a list of core competencies and expected

roles in the acute care setting.
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At the 1968 FASEB Congress in Atlantic City, Drs. Max Harry Weil, Peter

Safar, and William Shoemaker met and discussed the need and suitability for the

creation of a society for those interested in intensive care [58]. Max Harry Weil,

MD, PhD, an internist and cardiologist directing a shock research unit in Los

Angeles, CA; Peter Safar, MD, the founding chairman of the Department of

Anesthesiology at the University of Pittsburgh and initial director of the ICU at

Presbyterian University Hospital; and William Shoemaker, MD, a trauma surgeon

and director of Traumatology and Intensive Care at Cook County Hospital in

Chicago, though representing three distinct medical specialties, possessed the

same common interest in intensive care of the critically ill and injured patients.

The following year, Dr. Weil in connection with his annual Shock Symposium

arranged a meeting of selected physicians (n ¼ 28) with documented interest in

intensive care. And so was born the Society of Critical Care Medicine (SCCM),

which was incorporated in 1971. That same year the Society published its first issue

of the journal “Critical Care Medicine.”

Over the past 40 years, the membership of SCCM has expanded from the initial

28 to a current membership of 15,000, representing 80 different countries and many

disciplines: nursing, respiratory therapy, basic and clinic research science, techno-

logy, veterinarians, industry, social work, pharmacy that collectively now define

intensive care. In 2001 the decision was made to create a separate pediatric critical

care medicine journal, and Patrick Kochanek, professor of CCM and Pediatrics and

director of the Safar Center for Resuscitation Research at the University of Pitts-

burgh, was elected founding editor of this new journal.

Over the next 10 years, almost every developed nation created its own national

intensive care medicine society. TheWorld Federation of Societies of Intensive and

Critical Care Medicine (WFSICCM) was established in 1977 and from the onset

involved national and regional societies as its members. In Europe and the north,

intensive care was subsumed into the primary specialty of anesthesiology. Thus, in

Scandinavia there is a regional Society for Anesthesiology and Intensive Care

Medicine. Australia and New Zealand formed their own Australia–New Zealand

Intensive Care Society (ANZICS) in 1975 [59]. The western hemisphere is

represented by the Pan American Federation of Societies of Intensive Care Medi-

cine. Similarly, the western pacific region created the Western Pacific Association

of Critical Care Medicine (WPACCM), which later became the Asia Pacific

Association of Critical Care Medicine (APACCM), when India joined in 2005.

The advantage of forming regional societies of like-minded intensivists with

strong foci on patient advocacy, continuing medical education, ICU and practice

standards, and training/certification spread. Eight European countries formed the

European Society for Intensive Care Medicine (ESICM), which now boasts a

membership exceeding 5,000. They have approached intensive care medicine

education and credentialing head on, and their annual meeting is the third largest

critical care medicine program in the world behind the International Symposium of

Intensive Care and Emergency Medicine (ISICEM) and the SCCM annual meeting.

Later still, the American Thoracic Society (ATS), under pressure from its regular

members, established a Critical Care Assembly in the late 1980s. The Critical Care
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Assembly grew to become the second largest primary assembly in the ATS behind

Structure and Function. Later, in recognition of the major role that critical care

medicine was playing in its society and that a majority of the physicians certified in

critical care medicine also have subspecialty boards in respiratory diseases, the

ATS changed the name of its flagship journal from the American Review of
Respiratory Disease to the American Journal of Respiratory and Critical Care
Medicine. About the same time, the ESICM and the ATS created joint conferences

to develop consensus on critical care issues. Perhaps the most successful were the

three part series entitled the ATS-ESICM Consensus conferences on Acute Respi-

ratory Distress Syndrome. The SCCM and ESICM have continued these consensus

conferences in a more formal way up until the present.

Education and Board Certification

In the USA, the need for separate and advanced training in CCM became evident

early. Peter Safar in Pittsburgh was the first to introduce a fellowship training

program in CCM for anesthesiologists. In 1968, Dr. Ake Grenvik, a certified

general and cardiac surgeon, joined Safar to support the inclusion of other special-

ists. Through SCCM, a recommendation was made in the late 1970s to the Amer-

ican Board of Medical Specialties to establish a board certification process in CCM

[28]. A national committee was formed with the initial intention to have one

common certification examination of qualifying physicians [60]. However, repre-

sentatives of the American Boards of Anesthesiology, Internal Medicine, Pediatrics

and Surgery did not agree. Therefore, each of these four specialty boards applied for

separate certification examinations, starting in 1986. Within Internal Medicine the

decision was made to require 2 years of training in CCM unless the individual

already held certification in another subspecialty, commonly pulmonary medicine,

in which case 1 year of CCM training would suffice. The common denominator was

for all physicians seeking certification examination in CCM to have a minimum of

5 years of postgraduate training. With anesthesiology having a 4-year residency and

general surgery 5 years, these two specialties required only 1 year of CCM

fellowship. However, the American Board of Pediatrics, with 3 years of residency

for ABP certification, decided not only to require 2 years of CCM fellowship, but

also an additional year of research in Pediatric CCM-related topics.

Spain and most Latin American countries pursued a different tact and declared

intensive care medicine a separate primary specialty, requiring 5 years of training.

ESICM arranged a certification approach similar to, but different from the USA and

Canada. The ESICM requirements are primary specialty certification with 2 years

of training in ICM followed by first a written and then an oral exam for certification.

This process is extended to anesthesiology, internal medicine, pediatrics, and

surgery. Therefore, physicians with different primary specialty backgrounds in

the USA may apply for and take the ESICM diploma exam.

To address the need to standardization across countries, the ESICM developed a

Core Competency program for intensive care medicine called CoBaTrICE that
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emphasizes a define set of core skills and medical competencies: (1) the establish-

ment of a European Forum for national Intensive Care Medicine training organi-

zations that functions as an expert group and acquires ownership over future

developments through the Division of Professional Development to the European

Board of Intensive Care Medicine; (2) nationally survey current education and

training provisions and needs so as to identify current challenges for trainers and

trainees and develop a database for benchmarking and accreditation; (3) develop

minimum training program standards for quality assurance and harmonize mini-

mum accreditation standards across the European Union; (4) review workplace-

based methods of assessment of individual competence, including case-based

discussion, simulation techniques, multi-source feedback, link assessment methods

to competencies and identify quality indicators within these measures; and finally

(5) create a web-based tools for evaluation and testing support and life-long

learning for trainers and trainee. To aid in the process of education, the ESICM

created its own Patient-Centered Advance Care Training (PACT) program. PACT

is a modular multidisciplinary distance-learning program, aimed at improving and

harmonizing the quality of acute care medicine. The Program contains 44 modules

covering the complete ICU curriculum. Although some of these objectives are

uniquely European, most could be directly applied in North America as well.

Research

A fundamental aspect of the maturation of a new specialty is its development of a

durable knowledge base and the growth of a robust and well-funded research arm to

advance its field. In the early days of CCM, there were no comprehensive textbooks

to which trainees and practitioners could refer. With its rapid growth, CCM

identified an acute need for this resource. To address this issue Drs. William

Shoemaker (surgery), Ake Grenvik (anesthesiology), Peter Holbrock (pediatrics),

and Steven Ayers (internal medicine) edited the first Textbook of Critical Care in

1984, and continued to edit this textbook through subsequent editions in 1989,

1995, and 2000. Today the student of critical care medicine has an impressive array

of superb comprehensive textbooks specializing in specific facets of the field of

specialty, including pulmonary, nephrology, surgery, trauma, anesthesiology, and

emergency medicine. Nonetheless, the Textbook of Critical Care, now in its sixth

edition, continues to be the reference standard.

Originally, CCM evolved from a descriptive discipline that tended to categorize

symptoms and disease states, describing hemodynamic and metabolic patterns

linked closely to the use of the PAC, artificial ventilation, and cardiopulmonary

resuscitation. The initial source of the data and evidence for practice and dissemi-

nation came from the medical field at large. From these humble roots, however,

CCM has advanced into a field focused upon mechanism-based disease and thera-

peutics, and now generates much of the evidence that supports current practice.

These scientific, outcomes, and processes of care data are yielded by CCM

physician-scientists, whose publications routinely appear in major medical journals
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like JAMA, the New England Journal of Medicine, and Lancet. Furthermore, CCM

basic science research often appears in Journal of Clinical Investigation, Nature
Medicine, Biochem Biophys Res Acta, Journal of Immunology, American Journal of
Physiology, Journal of Applied Physiology, and Circulation, which highlights the

rigorous quality that the foundations of critical care medicine enjoy.

As managed care and cost containments force the less sick to be discharged

much earlier and optimizing throughput of care becomes an economic survival

practice for hospitals, CCM has become the epicenter of acute care medicine.

Accordingly, process of care research, patient safety, ethics of life support, and

health care economics have evolved into major areas of expertise and research for

critical care physicians. In fact, CCM research interests and productivity compare

as equals to any other specialty, an impressive statement considering that its first

ICU was only built in 1963.
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Chapter 3

Intensivist and Alternative Models

of ICU Staffing

Hayley B. Gershengorn and Allan Garland

Abstract In many ways, the leader of a critical care team is the senior physician—

the intensivist. In considering the organization of intensive care, it is important to

understand the roles and responsibilities of this person as well as how best to utilize

him/her. In this chapter we will first consider the definition of the intensivist and

then explore strategies for staffing and scheduling a physician of this type. Finally,

we will discuss alternatives to the traditional intensivist role.

Keywords Intensivist • Intensivist workload • Intensivist scheduling • ICU staffing

• Non-physician providers • Nighttime intensivist/nocturnalist • Rapid response/

medical emergency teams • Nurse practitioner • Physician assistant

The Intensivist

Critical care can no longer be considered in its infancy—in the USA the first

intensive care unit (ICU) was created in Boston in 1926. More than a quarter-

century ago, board certification for a physician with subspecialty training in

critical care, an intensivist, was made available around the world [1–4]. Despite

this longevity, however, the description of the intensivist has remained fairly

amorphous.
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A 1992 article entitled “Guidelines for the definition of an intensivist and the

practice of critical care medicine” is the sole reference we could find detailing the

roles and responsibilities of a critical care physician [5]. In this document, an

intensivist is described as having both patient care responsibilities—proficiency

in managing complex, often multiorgan dysfunction and procedural compe-

tencies—and unit management duties which include facilitation of appropriate

resource allocation, quality improvement, and effective communication with

other specialties. Additionally, he/she is required to spend more than 50 % of

his/her time devoted to the practice of critical care medicine, must willingly

participate in a clinical coverage scheme which provides care by intensivists 24 h

per day, and should function as either the attending physician or a consultant for all

patients in his/her ICU.

This definition is detailed and may be appealing. Yet, it is inconsistent with the

description of most currently practicing physicians who would consider themselves

intensivists. In the USA, the average intensivist spends only 26.1 % of his/her time

providing clinical ICU-based critical care [6]. In only 27 % of hospitals with

“high intensity” staffing (where at least 80 % of ICU patients are cared for by or

in conjunction with an intensivist) was the intensivist exclusively dedicated to the

care of ICU patients [7]. Finally, 87 % of hospitals with high intensity ICU staffing

had no in-hospital intensivist coverage for these patients during nighttime hours

[7]. While the 1992 guidelines define one view of what an intensivist should be,
therefore, these data show that this definition is not consistent with the majority of

current practice.

Major critical care medicine professional societies are either vague or silent on

the topic of defining an intensivist. The Society of Critical Care Medicine (SCCM)

states only that intensivists receive board certification in critical care [8]. The

websites for the European [9], Australian [10], and Canadian [11] societies do not

provide definitions at all. The Leapfrog Group, a for-profit USA organization aimed

at improving transparency in healthcare, describes intensivists similar to SCCM as

having obtained board certification in critical care or its equivalent [12]. Board

certification in critical care, however, is also somewhat difficult to define. In the

USA alone, five different organizations (the American Board of Internal Medicine,

the American Board of Anesthesiology, the American Board of Surgery, the

American Board of Emergency Medicine, and the American Board of Pediatrics)

provide certification in critical care medicine. In each case, the prerequisite training

as well as the content and duration of critical care education is unique [13].

While an intensivist, therefore, may be simply “known when he/she is seen”

[14], we propose the following six-part definition of an intensivist as a clinician

who: (1) has subspecialty training focused on the care of critically ill patients and

who is (2) knowledgeable about the diagnosis and treatment of acute organ dys-

functions, (3) proficient in procedures related to the care of the critically ill,

(4) comfortable liaising with colleagues and assuming care for and/or adding to

the care of others’ patients, and (5) at ease in emergency situations as well as with

end-of-life discussions and decisions. Lastly, intensivists must be more than sub-

specialty clinicians; they (6) should be advocates for quality assessment and
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improvement, a culture of safety, multidisciplinary team collaboration, and optimal

resource allocation.

How to Best Utilize the Intensivist

Almost as difficult as defining an intensivist is figuring out how best to employ

him/her. In the USA, in 1997 only 36.8 % of ICU patients received care by an

intensivist and several years later, surveys revealed 53 % of hospitals had no critical

care physician in their ICUs at all [6, 7]. As such, our supply of intensivists may lag

behind our demand for them. Consequently, as a healthcare community, we must

carefully consider how to best deploy this scarce resource. In the following sec-

tions, areas of discussion in the realm of intensivist staffing are explored.

The Intensivist “Dose”

Intuitively, it is reasonable to assert that “more intensivist care” may be better than

less. How much more is best and whether there is a threshold over which no

additional benefit is garnered is unclear.

Early exploration of this question took the form of “closed” versus “open” ICUs.

“Closed” ICUs are those in which the primary responsibility for the care of all

patients in the ICU is transferred to an attending physician specializing in critical

care assigned to the ICU. In contrast, an “open” ICU model allows for multiple

physicians (usually, but not always, without specialty training in critical care) to

assume/maintain primary responsibility for patients. Open models are more com-

mon in some parts of the world (e.g., the USA) [15–17], while closed models are

more the norm elsewhere [18, 19]. Over 30 studies have been published exploring

the impact of one staffing structure versus the other. Most were single center studies

with a historical control design (pre- versus post-change from an open to a closed

structure). Results are inconsistent. Moreover, closed ICUs are more likely to be

found in academic institutions in which physicians-in-training (residents and fel-

lows) are a constant presence in the ICU [15, 17]. As such, studies comparing open

and closed staffing models may be significantly confounded.

The dichotomous characterization of ICUs as open versus closed is an over-

simplification. Many ICUs take on an intermediate structure—where consultation

with an intensivist is available and, sometimes, mandatory [17, 20]. A more inclu-

sive nomenclature has developed in which ICUs are referred to as “high intensity”

versus “low intensity.” A meta-analysis of 27,000 patients in 27 ICUs used this

framework, defining high intensity ICUs as having either a closed structure or an

open structure but with mandatory consultation by an intensivist [21, 22]. This study

found lower mortality (hospital and ICU), shorter lengths of stay (hospital and ICU),

and lower cost associated with high intensity staffing. Wallace et al. found that the
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addition of a nighttime in-hospital intensivist to an ICU in which daytime staffing

was of lower intensity improved rates of survival to hospital discharge [23]—again

suggesting that providing intensivist care to patients who do not otherwise receive it

is associated with improved outcomes.

Not all studies support the belief that an intensivist improves care delivery.

In fact, one controversial study using the Project IMPACT database of over 100,000

patients in 123 ICUs found an odds ratio (OR) for hospital mortality of 1.42

associated with having an intensivist involved in a patient’s care [24]. As the

accompanying editorial detailed, there are many plausible explanations for this

finding (other than that intensivists truly worsen outcomes of their patients)

[25]. How much weight to give this study when faced with a robust literature

supporting the beneficial effects of intensivist involvement is unclear; at the least,

however, we should consider the notion that more intensivist involvement may not,

in all situations, produce better outcomes.

Nighttime In-hospital Intensivists

Recently, significant attention has been paid to nighttime intensivist staffing.

Patients develop critical illnesses outside of regular business hours and the

impact of interventions in the face of such illness is often time-sensitive [26–28].

In addition, there is concern that the quality of care provided at night is less than that

delivered during the daytime hours; while several studies have supported this

notion [29–35], others refute it [36–42]. Having intensivists in the hospital 24 h

per day is common in some European countries [19] while it has been more rare in

North American ICUs [7, 15, 43, 44].

Data on the impact of 24/7 in-hospital intensivist coverage are inconsistent. A

single ICU, historically controlled study in the UK found a reduction in the

standardized mortality ratio (1.11 to 0.81) following the introduction of a 24/7

intensivist program [45]. A similarly designed study at the Mayo Clinic demon-

strated shorter hospital lengths of stay, fewer complications, greater adherence to

evidence-based guidelines, and better staff satisfaction following the addition of

on-site intensivists throughout the day and night [46]. Neither ICU-, hospital-, nor

long-term survival was affected by the change in staffing in this study, however [46,

47]. The largest study addressing the impact of nocturnal intensivist coverage

included over 65,000 admissions in 49 ICUs across 25 hospitals and combined

clinical information from the APACHE database with surveys regarding staffing

patterns [23]. In this analysis, when a nighttime intensivist was added to an ICU

with “high intensity” staffing (either a closed unit or one with mandatory intensivist

consultation) there was no impact on hospital mortality. However, the addition of a

nighttime intensivist to ICUs without high intensity daytime staffing resulted in a

lower likelihood of in-hospital death (OR 0.38). The only prospective, non-

historically controlled evaluation of the impact of 24-h intensivist staffing was a

crossover study conducted in two Canadian ICUs, one academic and one in a
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community hospital [48]. In this study, neither patient outcomes nor family satis-

faction improved with nighttime intensivists. Interestingly, however, the shift work

model used to implement 24/7 coverage was associated with lower job and life

stresses for the intensivists themselves. An interpretation of this data may be that

nighttime in-hospital intensivist coverage is beneficial in some, but not all, ICU

environments.

Recruiting intensivists to work at night may be costly. First, critical care man-

power is in short supply [6, 49]; asking intensivists to work more hours will further

strain the resources of the healthcare system. Second, there is significant cost in

salary support to staff an ICU 24/7 with intensivists. One study suggested that

nighttime intensivists may reduce the total cost of caring for the sickest ICU

patients [50]. A second study, however, demonstrated that replacing 24-h

intensivists with a 16-h per day model (with robotic assistance overnight) reduced

total hospital costs by 29 % [51]. These costs—in both resource strain and financial

investment—must be carefully weighed against the potential benefit of nighttime

intensivist staffing.

Intensivist Workload

Many factors combine to determine the workload of an intensivist. The staffing

model is one of these, and one of the easiest to modify. Workload, and therefore

staffing, is important because job burnout is common among critical care providers

and has been linked to desires to find other lines of work [52–55]. Physicians-in-

training perceive workload in critical care to be high and cite this as a reason to

pursue other fields of medicine [56]. And though there has been great concern that

patient care may suffer when physicians-in-training work long hours [57], little

attention has focused on the impact of overworked or overtired intensivists

[58]. Few investigators have studied these issues.

The European Society of Intensive Care Medicine states that the optimal size for

an ICU is 8–12 beds [59]. A survey of academic ICUs in the USA found that the

median number of patients cared for by an intensivist was 13 (interquartile range

10–16) [60]. Intensivists practicing in ICUs with higher patient-to-intensivist ratios

reported more time constraints, stress, and problems with education of trainees than

did those in lower census units. A study performed at the Mayo Clinic explored the

impact of increasing the size of their medical ICU, and the patient-to-intensivist

ratio, from 7.5 to 15 patients per intensivist [61]. ICU length of stay increased with

more patients per physician, but neither ICU nor hospital mortality were affected.

A preliminary study of academic intensivists found that job burnout and job

distress were not related to measures of workload [55]. However, other studies have

found that scheduling does affect the lives of intensivists. A cluster-randomized

study in five USA medical ICUs found that providing intensivists with weekend

cross-coverage (and, hence, “breaks”) resulted in less burnout and stress for

the intensivist without compromising either length of stay or mortality
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[62]. Two studies that compared around-the-clock, in-hospital shift work with the

historical paradigm of a single intensivist taking call from home at night found that

shift work reduced physician burnout without affecting patient outcomes [46, 48].

While intensivists are increasingly working in shifts, the ideal structure of these

shifts is unknown. An observational study in surgical ICUs in Germany suggested

that having intensivists work 12-h shifts was associated with better patient out-

comes than having them work 8-h shifts [63].

Extending the Reach of the Intensivist

Traditionally, we think of the intensivist’s interaction with the critically ill patient

occurring within the physical confines of an ICU. Over time, however, there has

been more focus on the impact of intensivist intervention when either the patient or

the physician is outside of the unit. As the American College of Critical Care

Medicine stated, “the geographic location of the patient in the hospital does not

limit the need for critical care, but rather, it is the nature of the illness that defines

the care needed.” [15] Similarly, the emergence of telemedicine has suggested that

the intensivist can provide care when physically removed from the ICU.

Teams of critical care providers—often called rapid response teams or medical

emergency teams (METs)—reaching out of the ICU to care for critically ill patients

elsewhere in the hospital have been promoted by the Joint Commission National

Safety Goals [64] and the Institute for Healthcare Improvement [65] in the USA.

The enthusiasm for the implementation of these teams, however, is not matched by

data supporting their efficacy. A large, multicenter, cluster-randomized study of

23 Australian hospitals (the MERIT study) demonstrated a reduction in out-of-ICU

cardiac arrests, but no difference in hospital mortality or the need for unplanned

ICU transfer associated with the implementation of METs [66]. Interestingly, a

post-hoc analysis which evaluated patients “as treated” instead of according to

“intention to treat” did suggest a mortality benefit of MET teams, however

[67]. Two meta-analyses have been published on the topic of METs. In the first

[68], only two studies met criteria to be included and consisted of the MERIT study

and a multi-ward study in a single English hospital in which METs were sequen-

tially introduced into different wards [69]. In this second study, hospital mortality

was decreased with the introduction of METs [OR (95 % CI): 0.52 (0.32–0.85)]. In

light of this conflicting data, the authors were unable to draw a conclusion regarding

the efficacy of METs. The second meta-analysis which included 1.3 million

hospital admissions across 18 studies found a 33.8 % reduction in the risk of out-

of-ICU cardiac arrests with the introduction of METs, but, again, no difference in

hospital mortality [70]. Taken together, therefore, current literature does not sup-

port a benefit for patients to the implementation of METs. Such teams, however,

may have indirect benefits which should be considered; improvements in ward

nursing morale [71], access to immediate expert care providers [71], and education

of non-ICU providers regarding care of the critically ill [72–74] have been reported.
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Telemedicine for the ICU (eICU or teleICU) allows the critical care provider to

be external to the ICU and, yet, provide care to the patients therein. Critical care

providers are offsite and can electronically access information about the patients

(e.g., telemetry, diagnostic tests, information from ventilators and other devices,

electronic medical records, and computer orders). In some circumstances, software

can help identify worrisome trends in clinical data. Additionally, teleICU clinicians

can sometimes view patients via live video feeds or through a robotic presence in

the ICU. Hundreds of ICUs in the USA have invested in and implemented this

technology. As with METs, however, the data for the impact of these services on

outcomes (ICU length of stay [75–78], hospital length of stay [77, 78], ICU

mortality [76, 78], hospital mortality [75–78], and cost [75, 76, 79]) is inconsistent.

A meta-analysis by Young et al. [80] including 41,374 patients across 35 ICUs in

13 studies found teleICU involvement was associated with lower ICU length of stay

and mortality, but no change in hospital length of stay or mortality.

In both METs and teleICU services, there is wide variety in the engagement of

intensivists. In Australia and New Zealand, only 12.8 % of METs include intensi-

vists at least some of the time [81]. In two studies comparing intensivist-led METs

to those led by other providers (a nurse practitioner [82] or a senior resident

physician [83]), no difference in rates of cardiac arrest outside of the ICU,

unplanned ICU transfer, or hospital mortality were seen. And, in a provocative

single center study, the implementation of a rapid response system which sum-

moned a patient’s usual care providers urgently to the bedside resulted in a 5 %

relative risk reduction in hospital death suggesting that it may be the rapid response

and not the specific responders that influences outcomes [84]. Telemedicine pro-

grams have been staffed in similarly variable ways. We could find no data com-

paring the relative effectiveness of different approaches.

Non-intensivist Care Providers in the Critical Care Setting

Given the shortage of intensivists and concerns for growing unmatchable demand

[6, 49, 85–87], it is important to consider what part non-intensivist clinicians can

play in caring for the critically ill. In the late 1990s, only 36.8 % of USA ICU

patients received care by an intensivist and in Michigan in 2005, in only 20 % of

ICUs were all physicians board-certified intensivists [6, 43]. In many ICUs the

providers being asked to assume roles previously believed to be the exclusive

purview of the intensivist are non-intensivist physicians (those either without

critical care training or with nontraditional backgrounds) and non-physician

providers.
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Non-intensivist Physicians in the ICU

Hospitalists are often asked to assume care of critically ill patients in the ICU

[43]. Hospitalists are physicians who, once finished with training, have focused on

the care of hospitalized patients [88]. While a relatively new field within medicine,

these providers are quickly growing in number [89] and have provided a solution

for many hospitals to the intensivist shortage [90]. Two studies have addressed the

impact of hospitalists in the ICU. An observational study compared outcomes in

two adult medical ICUs—one staffed by intensivists and the other by hospitalists

with intensivist consultation available as needed [91]. After adjustment for large

differences in case mix, the hospitalist-based ICU had similar hospital mortality

(OR ¼ 0.80, p ¼ 0.22), ICU mortality (OR ¼ 0.80, p ¼ 0.41), and ICU length of

stay (mean difference �0.3 days, p ¼ 0.32). The second was a before/after study

comparing outcomes when night coverage provided by residents was replaced with

hospitalists in an intensivist-led pediatric ICU [92]. ICU mortality (OR ¼ 0.36,

p ¼ 0.01) and ICU length of stay (mean difference �21 h, p ¼ 0.01) were lower

when care was provided by hospitalists; hospital mortality and length of stay were

not evaluated. There are ongoing discussions about how to better train hospitalists

to provide care to the critically ill [13].

Acute care surgeons are a newly conceived group of surgeons with combined

subspecialty training in emergency care, trauma, and critical care [93]. Brought

about by the recognition that surgical capacity is decreasing (due to more retire-

ments relative to new entrants into the field, as well as reductions in workload by

active practitioners), the field was born in 2003 to address inadequate manpower

available to perform emergency surgery [94]. Currently, there are seven acute care

surgery fellowship programs in the USA. No data exist on the impact of this new

type of practitioner on the care of ICU patients; however, surveyed members of the

surgical section of SCCM believe there will be no negative impact associated with

redefining the model of surgical critical care providers in this manner [95].

In 2011, board certification in critical care medicine was opened to emergency

medicine physicians [96]. Even prior to this, however, these providers were often

assuming critical care responsibilities outside of the emergency department

[97]. No data exist on the impact that this new certification mechanism will have

on intensivist numbers in the USA or on the impact these providers will have on

patient outcomes.

Non-physician Providers in the ICU

Nurse practitioners (NPs) and physician assistants (PAs) are increasingly involved

in the care of ICU patients [43, 98, 99]. Although different in background and

training, these providers often assume similar roles in the ICU [100]. The literature

describes their utilization in several ways: (1) integrated into housestaff-based ICU
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teams [101–103], (2) as primary care providers with intensivist support in separate

ICUs [104, 105], (3) as members of specialty-based teams that remain involved in

care of patients who enter the ICU [106–109], and (4) as ICU-based outcomes

managers [110–112].

Studies support the use of a non-physician provider as an additional, novel

component of the care team. Hospital mortality, hospital and ICU length of stay,

duration of mechanical ventilation, complications, and costs were reduced when an

NP was employed as an outcomes manager [110, 112]. Clinical practice guidelines

were more frequently adhered to when an NP was added to an open-model surgical

ICU [111].

Several studies attest to the comparability of non-physician providers and

physicians-in-training in adult ICUs. An older historically controlled study found

mortality rates to be similar for medical ICU patients cared for by physicians-in-

training as compared with PAs [113]. Two more recent studies comparing a

medical ICU staffed by medical residents to another staffed by NPs/PAs operating

simultaneously in a single academic institution found lengths of stay, mortality, and

hospital discharge destination to be similar [104, 105]. Finally, patients cared for by

ICU fellows or NPs in a subacute ICU had similar mortality rates, lengths of stay,

duration of mechanical ventilation, and ICU readmissions [102, 114].

Although studied primarily as ICU overseers and as alternatives to physicians-

in-training in academic hospitals, there are other possible roles and benefits related

to these providers. They may fit nicely into a staffing model in combination with

non-intensivist physicians and/or teleICU technology. Given their consistency and

enthusiasm for critical care, they may improve communication among ICU

care providers, foster a safer ICU culture, and achieve high procedural proficiency

[115–119]. We must be wary, however, that their implementation may require on-

the-job education [101, 103], an initial financial investment will be needed, and

they are likely to be subject to the same propensity for burnout as are other

permanent ICU providers [53].

Conclusions

Intensivists are more than clinicians schooled in the care of the critically ill. Their

responsibilities include ongoing quality assessment and improvement, management

of ICU resources, and leadership of a multidisciplinary team. How to best staff our

ICUs and schedule these physicians such that their value is maximized—in light of

both their clinical and non-clinical duties—is not clear. Arguments are often made

for the use of closed-model ICUs [59], but the data on their impact on care are

inconsistent [21, 24]. Similarly, significant attention has been focused recently on

studying and advocating for the presence of round-the-clock in-hospital

intensivists. Data supporting this strategy are also not convincing [23, 45,

46, 48]. Perhaps the facet of ICU staffing with the largest literature is the use of
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non-physician providers in which studies repeatedly demonstrate comparable care

provided by these clinicians [100].

As we aspire to provide appropriate critical care coverage to more patients in

more locations at more times of the day, understanding how to best deploy

intensivists is becoming ever more pressing. Additionally, both non-intensivist

physicians and non-physician providers play a significant role in the care of the

critically ill—in some instances by design and, in others, out of necessity. As we

move forward, we must continue to evaluate the relative impact of different staffing

strategies in an effort to maximize the impact of our critical care workforce.

These types of evaluations can be daunting. First, there is unlikely to be one

optimal ICU staffing model; instead, the success of each model will likely depend

on ICU characteristics such as size, type, and case-mix. Second, it is difficult to

conduct statistically powerful studies. Observational and historical-controlled trials

are inherently confounded. Cluster-randomized trials are more robust, yet obtaining

funding and buy-in for them is challenging. Third, there are numerous stakeholders

(e.g., the patient, the healthcare providers, and/or society) for whom different

outcomes may be most relevant (e.g., hospital mortality, staff stress level, financial

cost). If one staffing model is best for maximizing patient survival but is financially

unsustainable and leads to high levels of burnout among care providers, is it really

best? Finally, staffing models are complex and comparing among them is more

complicated than assessing the impact of a single, identifiable intervention. If one

staffing model appears superior, it will be important to investigate which of its

components (e.g., which care providers are utilized, what schedule they keep, etc.)

are responsible for its success.

As such, the task of understanding and optimizing ICU staffing is difficult. We

cannot let the enormity of this challenge stymie us, however. The manner in which

we provide critical care is changing. We must embrace this change and the

opportunity to study and learn from it.
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Chapter 4

Health Professionals in Critical Care

Timothy G. Buchman

Abstract Critical care is commonly delivered by an integrated multiprofessional

team. Clinical operations that attain peak performance depend on familiarity with

the training, professional scope, and capabilities of each teammember. This chapter

focuses on non-physician team roles and reviews evidence supporting their collec-

tive contributions to better health, better care, and lower costs. While every ICU is

likely to have a division of labor reflecting local skill sets and historic work flows,

the data suggest that evidence-based, need-driven reallocation of tasks across the

professional team can improve outcomes without incurring additional expense.

Keywords Critical care • Nurse • Nurse practitioner • Physician assistant • Respi-

ratory therapist • Dietitian • Pharmacist • Value • Cost of care

The prior chapter in this book focused on the physician staffing—particularly

intensivists—of critical care units. Effective intensive care generally requires a

team of caregivers each contributing a focus and set of competencies that constitute

their profession. Our purpose in this chapter is to discuss their professional roles

and their contributions to a high-functioning critical care team, and further to

discuss how their selection and deployment affects quality of care, value of care,

and access to care. Optimizing quality, value, and access should produce better

health, better care, and lower costs.
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Nurses

The foundation of every intensive care unit is its nursing staff. No other ICU

professional is required to be present continuously at the bedside throughout the

unit stay. Indeed, the first intensive care unit—Walter Dandy’s three-bed neurosur-

gical postoperative unit at Johns Hopkins in the 1920s—differed from the ordinary

ward only by virtue of cohorting patients with specific needs and nurses with

specific skills. Such ad hoc arrangements met clinical needs until the poliomyelitis

epidemic of the early 1950s, which brought both administrative and operational

challenges of simultaneously caring for dozens of patients who required negative

pressure ventilation (“iron lungs”) to sustain life. The unprecedented survival of so

many patients with severe respiratory failure prompted hospitals and their nurses to

design patient care areas dedicated to complex care. In 1958, the Baltimore City

Hospital established the nation’s first ICU that featured dedicated nursing and

physician staff. Early reports of that unit are notable for a 25-module curriculum

designed for ICU nurses taught by physicians from four specialties. This was clear

evidence that professions were working as partners (vs. a strict superior-subordinate

arrangement) [1].

Several advances fueled the nationwide expansion of ICUs during the 1960s.

One was the development of mechanical ventilators that could be used in assistive/

supportive modes without need for pharmacologic neuromuscular blockade.

Another was the rapid expansion of “open heart” surgery following the first

commercial production of the heart–lung (cardiopulmonary bypass) machine. A

specialized body of knowledge had developed, and in 1967 Nashville’s Baptist

Hospital thought to ask about the formation of a national organization focused on

coronary care. A year later, 400 nurses convened to propose the formation of such

an organization: the American Association of Cardiovascular Nurses was launched

in 1969. Within 2 years it was apparent that the breadth of critical care was

expanding far beyond the cardiovascular system or service, and in 1971 the

association adopted its current name: the American Association of Critical Care

Nurses. Although AACN membership exceeds 516,000, only a fraction of nurses

(around 58,000) delivering critical care services have achieved the advanced

credential of critical care registered nurse (CCRN) [2].

Hospitals were soon faced with staffing challenges: how many staff were

required, and what training was necessary to ensure that staff could safely accom-

plish the necessary work? In 1974, Cullen and colleagues reported a method for

quantitatively estimating the complexity and intensity of nursing care: the thera-

peutic intervention scoring system (TISS) [3]. The TISS score was adopted,

revised, simplified, and generally accepted nationwide as a method for estimating

how much work—and therefore how much staff was needed to care for ICU

patients.

The problem, of course, is that patient need varies from hour to hour and day to

day: redeployment of staff in response to changing need is difficult. While TISS

was arguably the first successful risk-stratification tool—patients who needed more
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care were more likely to die—most ICUs came to a common conclusion: either

staffing followed a standard 1:1 model in which nurses did more or less everything

for their patients or else staffing followed a 1 nurse:2 patient model in which the

nurse was supported by additional professionals with focused expertise such as

respiratory therapists and pharmacists as well as the ability to “flex up” to 1:1 when

confronted by an especially sick patient.

There is an abundance of literature suggesting that nurse staffing ratios

approaching 1:1 improve job satisfaction as well as objective outcomes [4]. Yet

availability and cost of qualified and competent critical care nurses often dictate

less than that ratio. The challenge then changes to engineering safety into a more

sparse staffing pattern [5]. In addition to adding other professionals to the primary

on-site safety strategy, tele-ICU has emerged as a secondary strategy in which

seasoned critical care professionals leverage electronic tools. Advanced alerts and

two-way audio-visual monitoring towards identifying and mitigating threats to

safety and well-being [6].

Given the aging of the nursing workforce, the paucity of critical care nurses with

advanced credentials, and the burgeoning demand for critical care services, a

reference staffing ratio of 1 nurse:2 critically ill patients seems reasonable. As

patients emerge from the critical state and require fewer interventions, even thinner

coverage will be proposed. The problem is that such low-acuity patients are

inevitably shuttled to a lower-intensity area when a high-intensity patient requires

admission to the ICU.

Respiratory Therapists

Point prevalence studies suggest that approximately 40 % of patients are mechan-

ically ventilated [7]. It is therefore fitting that a separate profession focuses on

enabling this life-saving therapy. In most modern ICUs, however, the respiratory

therapist has several roles. In addition to maintenance, preparation, connection and

monitoring of the mechanical ventilator, the respiratory therapist often is the

nurse’s closest care partner. The therapist may commonly participate and lead

oral care protocols; perform spontaneous breathing trials; intubate, adjust the

endotracheal tube and extubate; offer and provide noninvasive positive pressure

ventilatory support; recommend and supervise inhalational treatments ranging from

bronchodilators, prostanoids, antimicrobials and special gases (such as NO); and

participate in extracorporeal oxygenation treatments.

Yet as exhaustive as the preceding list may appear, it reflects only one of the

several dimensions of respiratory care. In other roles, respiratory therapists com-

monly obtain, analyze, and report the composition of arterial and mixed venous

blood specimens (“blood gas analysis”). Those results drive not only ventilator but

just as often cardiovascular and renal therapies since modern analyses often include

measurement of lactate and electrolytes.
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Respiratory therapists often lead the ICU outreach efforts as part of the response

team attending medical emergencies (“Code METs”) and cardio-respiratory arrests.

They are equally integral to transport of critically ill patients on and off-unit, such

as may be required for advanced imaging procedures. In this sense, respiratory

therapists are often the “face” of the ICU to other parts of the hospital.

Respiratory therapists often play key roles in strategic planning and quality and

financial management of the ICU. For example, respiratory therapist leadership is

commonly a cornerstone of quality programs that reduce ventilator-associated

pneumonias because those programs require more frequent spontaneous breathing

trials (to accelerate extubation); systematic oral care; and perfect maintenance of

the mechanical equipment.

A 2006 review of respiratory care manpower allocation suggested that each

increment of 9–11 ICU beds creates a need for an additional respiratory therapist

[8]. Arithmetic suggests that during a typical shift (40/168 h) a therapist may be

responsible for around 40–50 ICU beds, of which 16–20 (40 % prevalence) are

receiving mechanical ventilator support. In smaller hospitals with fewer critical

care beds, it is common for respiratory therapists to have duties outside the ICU.

There is an important paradox to consider when indexing therapist work hours to

the number of ventilated patients or ventilated hours: substantial amounts of

therapist time are devoted to weaning patients from ventilator support, performance

of spontaneous breathing trials and support of patients who are extubated on the

cusp of readiness. Thus reduction in ventilator hours typically signal an increase in

respiratory therapist effort. Since the cost of treatment of a ventilator-associated

pneumonia is estimated in the range of $11,000–57,000 the appropriate response to

reduced ventilator hours and reduced VAP rates should include consideration of

increasing—not cutting—respiratory therapist staff [9–11].

Pharmacists

Different from physicians, nurses, and respiratory therapists who typically provide

hands-on treatments, the role of the critical care pharmacist is mostly that of a

knowledge worker. The pharmacist serves as a critical care safety officer (such as

detecting and preventing errors in infusions and exposing potential adverse drug

effects); as a pharmacokinetic consultant (recommending and adjusting doses of

medications as the patient’s clinical status changes); and as a steward of resources.

Such stewardship may be required owing to safety concerns (some drugs such as

anti-cancer drugs have a very narrow margin of safety); owing to direct cost

(including biologicals such as immune globulins); or owing to population consid-

erations (such as management of the antimicrobial formulary to preserve

effectiveness).

A landmark study reported in 1999 showed that the presence of a critical care

pharmacist reduced adverse drug events by two-thirds [12]. Interestingly, a

European study performed more than a decade later showed a reduction in
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preventable ADEs of similar magnitude [13]. Recent estimates of the cost of

adverse drug events in critical care are in the range of $6,000–9,000 per event

[14]. Prevention of only a few adverse drug events will save sufficient money to

justify the employment of a dedicated critical care pharmacist.

Critical care pharmacists are in high demand. There is a supply limitation. Two

years of training following the Pharm.D. degree is required to qualify, the first year

as a Residency in Pharmacy Practice followed by a second year in Critical Care

Pharmacy Practice. Only 104 programs in Critical Care Pharmacy exist in the USA,

and most train a single critical care resident each year. This production rate cannot

and will not meet the demands of thousands of critical care units in the USA.

Affiliate Providers

The appellation “Affiliate Provider” is used to aggregate advanced practice nurses

and physician assistants who have acquired special competencies to practice in

intensive care units. These non-physician professionals (sometimes referred to as

“midlevel providers” or “associate providers”) are emerging in many communities

as pivotal to the delivery of critical care services. While a few units have enjoyed

affiliate provider services for decades, the recent expansion in demand and employ-

ment of affiliate providers seems linked to two secular workforce issues in critical

care. First, teaching hospitals that traditionally depended on trainees to fill in gaps

in attending physician coverage have had to sharply limit trainee duty hours in the

wake of regulations issued by government and by the Accreditation Council on

Graduate Medical Education. Second, the numbers of physicians qualified to care

for intensive care patients have not kept pace with the expansion of patient numbers

or acuity: anemic increases in trainee numbers are met with accelerating departures

and retirements as America emerges from the economic downturn of 2007.

Together, the decline in trainee hours and the failure to expand intensivist numbers

has accelerated growth the provider workforce gap.

Integration of affiliate providers into critical care depends on at least three

factors. First, these providers must acquire, demonstrate, and retain a set of special

competencies. Although traditionally acquired through apprenticeship to a sea-

soned critical care provider as “on-the-job-training,” newer approaches include

formal training programs and even post-graduate “residencies” that include lec-

tures, simulations, computer-based learning, and supervised bedside experience.

Second, the roles of affiliate providers must be established and embraced by the

existing community of professionals serving critically ill patients. Retention and

job satisfaction appears to depend on progressive challenges that culminate in

increasing the affiliate providers’ responsibilities and authorities within the team.

Yet, these affiliate providers must work collaboratively with supervising physi-

cians. Third, a mechanism to collect revenues to offset the costs of training and

employing affiliate providers must be established early in the business plan.
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According to published studies, the care delivered by affiliate providers equals

(and often exceeds) the care provided by supervised medical trainees with respect to

completion of evidence-based processes as well as with respect to meaningful and

measurable outcomes [15–19]. The benefit to patients, families, and hospitals

therefore includes not only the revenue stream but also cost-avoidance through

prevention and mitigation of adverse events and through reduction in random

process variance.

In general, affiliate providers working in critical care units will command a

salary premium (~15 %) and additional compensation for taking shifts in unsocial

hours. That premium may rise somewhat as national nursing policy will restrict

critical care practice to nurses who have achieved acute care (ACNP) certification

(and thereby restricting supply) beginning 2015.

Affiliate providers provide both billable and essential but non-billable services.

Tracking and self-reporting suggests that about half of paid hours are associated

with activities that result in a fair charge for professional services, including

evaluation and management, procedures, and direct critical care [20]. Calculations

suggest that affiliate providers who are practicing to the limit of their license,

training, and credentialing are high-value providers even though the federal gov-

ernment pays 85 % for their services versus physician reimbursement.

Nutrition Support Specialists (Dietitians)

Admission to critical care units carries substantial risk of malnutrition. The pre-

decessors of ICU nutritional failure are numerous. Nutritional defects are common

at the time of ICU admission: the underlying disease may cause defects in deglu-

tition, transit, digestion, absorption, metabolism, and elimination. Common treat-

ments such as mechanical ventilation may preclude eating. Widely used

medications such as opiates slow transit while vasopressors compromise absorp-

tion. Even corrective therapies such as enteral supplementation via tube are com-

monly interrupted for tests and procedures. Yet failure to restore and sustain

metabolic balance can significantly prolong critical illness and ICU lengths of stay.

For all of these reasons, nutrition support specialists (dietitians with advanced

competencies in critical care) have emerged as key members of the critical care

team. Their roles include assurance that every patient has a nutritional plan tailored

to their specific illness. This includes prescriptions for macro as well as

micronutrients delivered via enteral, parenteral, and combination routes. It also

includes leadership of enteral feeding tube placement and maintenance, tasks that

are essential to achieving continuity of nutritional support.

Most importantly, dietitians’ support and advocacy for early appropriate feeding

translates into reduced infection rates and lower mortality [21]. Yet despite strong

evidence, patients go underfed as gaps remain between actual practice and

evidence-based guidelines [22]. This creates a compelling rationale for the consis-

tent inclusion of a nutrition support specialist as a member of the critical care team.
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Physiotherapists

Critical illness carries risk of polymyopathy and polyneuropathy that translates into

prolonged reduction of functional status and diminished quality of life [23,

24]. Until recently, however, many ICUs did not realize the great benefit of early

physiotherapy [25]. Over the past decade, it has become standard care to mobilize

patients in the ICU to the maximum extent possible, including routinely walking

patients who are dependent on life support devices such as mechanical ventilators,

artificial hearts, and ventricular assist devices.

These mobilization programs, which are commonly led by physiotherapists,

have several positive effects [26]. Patients lose less muscle mass and less muscle

function. They have improved pulmonary toilet. They fatigue naturally and there-

fore require less sedative medication. They can perceive progress.

The institutional return on investment from such an early mobilization program

is typically measured in shortened lengths of stay which create space into which

additional patients can be admitted. Given the rapid expansion of demand for

critical care services as the baby-boomers become the world’s elderly, early

mobilization programs become a cost-effective strategy to sustain and grow access

to critical care services.

Perfusionists

Perfusionists are underrepresented in critical care. Their primary role is in service

of patients who require cardiopulmonary extracorporeal life support (ECLS) via

ventricular assist devices and extracorporeal membrane oxygenation. Since ECLS

remains an uncommon treatment mode in many ICUs, perfusionists must serve both

as providers and as just-in-time educators [27]. Thus perfusionists are rarely

employed by the ICU but rather are shared between the ICU and the cardiac surgical

operating rooms on a scheduled (where an ECLS program is established) or ad hoc

basis.

When called into critical care services, perfusionists are logically assigned only

to the most critically ill patients, namely those requiring ECLS. Their presence and

activity are focused on maintaining perfusion of oxygenated blood to the tissues.

Their practical knowledge both of circulatory physiology and of the engineering of

their equipment can be essential, since neural tissue can be compromised within

4 min of cessation of effective circulation. Monitoring of systems and patient

parameters (such as activated clotting time) become central tasks.

The hourly bedside cost of perfusionists is typically higher than that of critical

care nurses. As a consequence in recent years—particularly as a result of the 2009

Influenza pandemic—there have been attempts to improve and simplify extracor-

poreal support technologies to the point that a specially trained critical care nurse

can manage all of the common bedside problems safely. This should not, must not,
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and does not exclude perfusionists from being members of the critical care team—

their collaboration and physical presence is essential for initiating and stopping the

support. However, it may relieve perfusionists and ICUs from a considerable low

productivity time at the bedside. Such shifts in responsibility for ECLS must be

jointly planned and embraced by nurses, physicians, and perfusionists.

Evidence for Value

Mortality is reduced through the use of multidisciplinary team care [28] (Fig. 4.1).

Costs are reduced through the use of intensivist-led multiprofessional teams

[29]. Improvement in quality with simultaneous reduction in cost can only augment

value in critical care.

Nevertheless, the value of the intensivist-led multiprofessional team has been

challenged. In 2008, Levy and colleagues used an administrative database to retro-

spectively evaluate mortality among ICU patients managed by intensivist-led teams,

finding an increase in mortality when intensivists were involved [30]. Subsequent

Fig. 4.1 Example of successful multiprofessional team effort. Patient survived ARDS that

required 10 days of extracorporeal life support. Left-to-right: Nurse, Respiratory Therapist,

Administrator, Perfusionist, Physician’s Assistant, Patient, Pharmacist, Patient’s Wife, Intensivist,

Charge Nurse, Nurse, Nurse Unit Director, Patient Care Assistant
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studies using curated databases have found the expected outcome, i.e. that the

presence of an intensivist decreases mortality [31, 32]. Still other studies question

the incremental value of having an on-site intensivist at night [33].

What appears likely is that even high-functioning ICUs can improve perfor-

mance through restructuring and reallocation of critical care roles across

professions [34].

In an era of shrinking resources, this alone is sufficient to prompt careful

examination of the division of labor in the ICU towards better health, better care,

and lower cost.

Cost and Business Model

If the multiprofessional team represents such great value, why has it not been more

widely adopted? Most generally, the value can only be realized in a well-designed

business model that has three characteristics. First, each professional must practice

to the limit of his/her license. Often this means designing protocols that can be

executed by multiple team members working in parallel versus depending on a

single highly trained expert. Second, each professional must practice to the limit of

his/her duty hours. While it is inevitable that there will be some unaccounted time

owing to the ebb and flow of patients and acuities, staffing strategies that keep

professionals busy with direct patient care activities for at least 80 % of their duty

hours are readily achievable [20, 35]. Third, those professionals must have the

knowledge and skill to identify appropriate and legal charges for their services

[15]. Fourth, those professionals who can charge and collect fees for their services

must have the means, opportunity, and motivation to do so. By “means,” we intend

an electronic charge capture system that is easily accessible and provides immedi-

ate feedback. By opportunity, we mean sufficient tools and opportunity during the

schedule to document and create charges immediately as services are delivered, and

to review those activities at end-of-shift during handover. By motivation, we

suggest that the timely and accurate recording of activity and charges must be

recognized and acknowledged if that practice is to become a social norm.

References

1. Safar P, et al. The intensive care unit. A three year experience at Baltimore city hospitals.

Anaesthesia. 1961;16:275–84.

2. AACN: CCRN credential position statement. http://www.aacn.org/WD/Certifications/Docs/

CCRNCredentialPositionStatement.pdf (2013). Cited 15 April 2013.

3. Cullen DJ, et al. Therapeutic intervention scoring system: a method for quantitative compar-

ison of patient care. Crit Care Med. 1974;2(2):57–60.

4. Penoyer DA. Nurse staffing and patient outcomes in critical care: a concise review. Crit Care

Med. 2010;38(7):1521–8. quiz 1529.

4 Health Professionals in Critical Care 49

http://www.aacn.org/WD/Certifications/Docs/CCRNCredentialPositionStatement.pdf
http://www.aacn.org/WD/Certifications/Docs/CCRNCredentialPositionStatement.pdf


5. Zolnierek CD, Steckel CM. Negotiating safety when staffing falls short. Crit Care Nurs Clin

North Am. 2010;22(2):261–9.

6. Goran SF. Measuring tele-ICU impact: does it optimize quality outcomes for the critically ill

patient? J Nurs Manag. 2012;20(3):414–28.

7. Esteban A, et al. How is mechanical ventilation employed in the intensive care unit? An

international utilization review. Am J Respir Crit Care Med. 2000;161(5):1450–8.

8. Mathews P, Drumheller L, Carlow JJ. Respiratory care manpower issues. Crit Care Med.

2006;34(3 Suppl):S32–45.

9. Warren DK, et al. Outcome and attributable cost of ventilator-associated pneumonia among

intensive care unit patients in a suburban medical center. Crit Care Med. 2003;31(5):1312–7.

10. Rello J, et al. Epidemiology and outcomes of ventilator-associated pneumonia in a large US

database. Chest. 2002;122(6):2115–21.

11. Cocanour CS, et al. Cost of a ventilator-associated pneumonia in a shock trauma intensive care

unit. Surg Infect (Larchmt). 2005;6(1):65–72.

12. Leape LL, et al. Pharmacist participation on physician rounds and adverse drug events in the

intensive care unit. JAMA. 1999;282(3):267–70.

13. Klopotowska JE, et al. On-ward participation of a hospital pharmacist in a Dutch intensive care

unit reduces prescribing errors and related patient harm: an intervention study. Crit Care.

2010;14(5):R174.

14. Kane-Gill SL, Jacobi J, Rothschild JM. Adverse drug events in intensive care units: risk

factors, impact, and the role of team care. Crit Care Med. 2010;38(6 Suppl):S83–9.

15. McCarthy C, O’Rourke NC, Madison JM. Integrating advanced practice providers into

medical critical care teams. Chest. 2013;143(3):847–50.

16. Garland A, Gershengorn HB. Staffing in ICUs: physicians and alternative staffing models.

Chest. 2013;143(1):214–21.

17. Gershengorn HB, et al. Impact of nonphysician staffing on outcomes in a medical ICU. Chest.

2011;139(6):1347–53.

18. Cramer CL, Orlowski JP, DeNicola LK. Pediatric intensivist extenders in the pediatric ICU.

Pediatr Clin North Am. 2008;55(3):687–708. xi–xii.

19. Kleinpell RM, Ely EW, Grabenkort R. Nurse practitioners and physician assistants in the

intensive care unit: an evidence-based review. Crit Care Med. 2008;36(10):2888–97.

20. Carpenter DL, et al. Patient-care time allocation by nurse practitioners and physician assistants

in the intensive care unit. Crit Care. 2012;16(1):R27.

21. Doig GS, et al. Early enteral nutrition, provided within 24 h of injury or intensive care unit

admission, significantly reduces mortality in critically ill patients: a meta-analysis of

randomised controlled trials. Intensive Care Med. 2009;35(12):2018–27.

22. Cahill NE, et al. Nutrition therapy in the critical care setting: what is “best achievable”

practice? An international multicenter observational study. Crit Care Med. 2010;38

(2):395–401.

23. Herridge MS, et al. One-year outcomes in survivors of the acute respiratory distress syndrome.

N Engl J Med. 2003;348(8):683–93.

24. de Jonghe B, et al. Intensive care unit-acquired weakness: risk factors and prevention. Crit

Care Med. 2009;37(10 Suppl):S309–15.

25. Needham DM. Mobilizing patients in the intensive care unit: improving neuromuscular

weakness and physical function. JAMA. 2008;300(14):1685–90.

26. Truong AD, et al. Bench-to-bedside review: mobilizing patients in the intensive care unit–from

pathophysiology to clinical trials. Crit Care. 2009;13(4):216.

27. McCoach RM, et al. The new role of the perfusionist in adult extracorporeal life support.

Perfusion. 2010;25(1):21–4.

28. Kim MM, et al. The effect of multidisciplinary care teams on intensive care unit mortality.

Arch Intern Med. 2010;170(4):369–76.

29. Pronovost PJ, et al. Team care: beyond open and closed intensive care units. Curr Opin Crit

Care. 2006;12(6):604–8.

50 T.G. Buchman



30. LevyMM, et al. Association between critical care physician management and patient mortality

in the intensive care unit. Ann Intern Med. 2008;148(11):801–9.

31. Petitti D, Bennett V, Chao Hu CK. Association of changes in the use of board-certified critical

care intensivists with mortality outcomes for trauma patients at a well-established level I urban

trauma center. J Trauma Manag Outcomes. 2012;6:3.

32. Hackner D, et al. Do faculty intensivists have better outcomes when caring for patients directly

in a closed ICU versus consulting in an open ICU? Hosp Pract (1995). 2009;37(1):40–50.

33. Wallace DJ, et al. Nighttime intensivist staffing and mortality among critically ill patients. N

Engl J Med. 2012;366(22):2093–101.

34. Netzer G, et al. Decreased mortality resulting from a multicomponent intervention in a tertiary

care medical intensive care unit. Crit Care Med. 2011;39(2):284–93.

35. Butler KL, et al. Optimizing advanced practitioner charge capture in high-acuity surgical

intensive care units. Arch Surg. 2011;146(5):552–5.

4 Health Professionals in Critical Care 51



Chapter 5

Computers in Intensive Care

Stephen E. Lapinsky

Abstract The intensive care unit is a data-rich environment where the physician

may have difficulty accessing and processing the large amount of data generated by

each patient. Incomplete access to all clinical information can result in suboptimal

clinical decision making. A computerized clinical information systems (CIS) can

enhance ICU management in a number of ways. These include the provision of

complete but appropriately filtered information at the bedside, reduction in drug

errors and the use of intelligent alarms for the early identification of deteriorating

patients. Electronic reminders can improve compliance with guidelines, and more

sophisticated decision support systems may provide patient-specific management

guidance. An easily accessible and usable interface with the CIS is essential, and

various mobile and context-aware systems are being developed. Several barriers to

implementation exist, including financial constraints and poor acceptance among

clinicians for this cultural change.

Keywords Critical care • Health services • Computer systems • Decision support

systems • Quality improvement • Telemedicine

Background

The intensive care unit (ICU) is a data-rich environment—a physician may encoun-

ter more than 200 variables per patient on daily rounds [1]—and even the most

experienced physician will have difficulty processing information from more than
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seven variables. Furthermore, the amount of clinical information documented on

ICU patients is increasing, by 26 % over 6 years in one study [2]. Poor documen-

tation and incomplete access to all clinical information can result in clinical

decision making without the full clinical picture. A computerized system can be

used to capture and store clinical data and provide complete, appropriate informa-

tion at the bedside. Computerized order entry will reduce errors due to incorrect

dosing, drug interactions and illegible handwriting. Other roles for computing

technology in a critical care environment include keeping track of the exponentially

growing scientific literature and the use of “intelligent” alarms for the early

identification of deteriorating patients. While current utilization of computing

technology in Critical Care is widespread, its use is generally limited to the most

basic technology, such as access to laboratory data or medical imaging [3].

Information technology can contribute to the organization and planning in an

ICU by facilitating a more rapid response after an adverse event has occurred and

by tracking and providing feedback about the frequency of errors. The strategies for

preventing errors using information technology include improving communication,

making knowledge readily accessible, mandating key pieces of information

(e.g. drug dose units of measure, administration route), assisting with calculations,

performing real-time checks, assisting with monitoring, and providing decision

support [4]. Electronic reminders can improve physicians’ compliance with guide-

lines and reduce errors of omission. Compliance with best practices can be tracked

and optimized. As an example, a higher level of sophistication of information

technology in an institution has been shown to correlate with a reduction in

catheter-related blood stream infections [5].

Definitions

A number of terms are used when discussing information technology in healthcare,

sometimes with different meanings and implications. For clarity, some terms are

defined as used in this chapter.

Clinical Information System (CIS): A hospital-based information system

designed to collect, organize and present data relating exclusively to clinical

information about the care of a patient.

Electronic Medical Record (EMR): This term usually refers to a computer-

based record of healthcare information of a patient, which includes laboratory

results, diagnostic imaging reports, vital signs, medication administration records

and clinical reports. The term EMR is sometimes used to refer to an “EMR system”

or CIS.

Electronic Health Record (EHR): This term refers to a longitudinal, secure and

private lifetime record of a patient’s key health history and care within the health

system. The record is available in a virtual form to authorized health care providers.

The personal health information in this report is generated from the various

encounters an individual has with health care systems. The EHR therefore
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comprises an aggregate of information in hospital EMRs and outpatient

practitioner EMRs.

Clinical Information Systems

The CIS is a database storing and providing clinical information about patients to

caregivers. In a hospital, the CIS might be the clinical portion of a larger hospital

information system. Within each hospital department, the CIS may be named

according to the departmental function, for example Laboratory Information Sys-

tem (LIS), Pharmacy System, Radiology Information System (RIS), etc. In a

hospital’s ICU, the CIS will encompass all of the above, plus the system that

captures and stores information unique to critical care (e.g. hemodynamic data,

drug infusions, ventilation parameters). Having complete and accurate clinical and

patient information available to a physician in real time will improve the likelihood

that the clinical decision made is the best one for the circumstances.

To gain the full potential of a CIS, clinical data, pharmacy information, and

laboratory and imaging results need to be integrated into a single interface. The

Healthcare Information and Management Systems Society (HIMSS) has developed

an EMR Adoption Model using an eight-step scale, to document the level of EMR

integration in a hospital [6]. As of mid-2012, only about 8 % of hospitals had

reached stage 6 or higher (implying integration of physician documentation and full

decision support), with one-third of hospitals at stage 4 or higher (electronic order

entry and clinical protocols).

There are some potential disadvantages to a computerized CIS. All such systems

are operator dependent and rely on the accuracy of the data entered. Automated

input of data from the bedside monitor, from infusion pumps and from the ventilator

is optimal. However, as large quantities of data can be acquired from these devices,

these data need to be appropriately sampled and filtered, to document representative

recordings. Computer malfunctions need to be anticipated, with provision of

emergency backup power and real-time data backup. Planning and documentation

of downtime procedures is essential [7].

The ICU CIS

In the data-rich ICU environment, errors may occur due to the sheer volume of data

available to be evaluated. The Institute of Medicine report “To Err is Human”

documented that the risk for any adverse event in the ICU is nearly 46 % [8]. The

most active use of sophisticated biomedical equipment is found in a hospital’s ICU,

with devices that monitor the patient’s vital signs and control the application of

therapy. These devices provide a rich source of information, which if made

available to the clinicians in the right circumstances has the potential to improve
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patient outcomes. Although there are information systems designed for use in ICUs

that make use of data output from biomedical devices (monitors, infusion pumps,

ventilators), they are not yet widely used [3]. Cost may be a barrier to implemen-

tation of the Critical Care CIS. Systems designed for critical care are generally

more expensive than other departmental systems. Proprietary networks and special

hardware are sometimes necessary.

The ICU CIS should provide a number of functions, including patients lists and

an electronic “whiteboard,” vital signs flow sheets, laboratory results, fluid and

medication administration records, structured notes and assessments, computerized

provider order entry (CPOE), decision support and transfer and discharge summary

reports.

A number of commercial CIS systems are available, with varying functionality.

These may integrate data from vital signs monitors, ventilators, infusion pumps,

EEG, ECG, PACS systems, laboratory and hospital EMR, into a single interface.

Examples of Critical Care CIS currently available include iNet (Cerner, Kansas

City, MO), Infinity (Draeger, Lübeck, Germany), GE Healthcare (Bucks, U.K.),

Intellivue (Philips Medical Systems, Amsterdam, Netherlands), AXIOM Sensis

(Siemens Healthcare, Erlangen, Germany), CareSuite (Picis, Wakefield, MA) and

Ultraview (Spacelabs Healthcare, Issaquah, WA) as well as several others [9].

Using the ICU CIS

Results access

ICUs are serviced by other departments in a hospital, such as laboratory, radiology

and pharmacy, all of which may generate information about the patient during their

ICU stay. This information needs to be made available to the clinicians caring for

the critically ill patient in a timely manner. Electronic access to laboratory results is

one of the most commonly available CIS functions, but results need to be appro-

priately authorized for release by the laboratory in a timely manner. As access to

laboratory information is required several times daily, the computer interface needs

to be user friendly, and mobile computing access may be beneficial [10, 11]. Picture

Archiving and Communication System (PACS) is technology that permits storage

and rapid access to radiological images. Images are stored in a Digital Imaging and

Communication in Medicine (DICOM) format and are accessible via the CIS or

through a dedicated high-fidelity viewing system. Client side applications may be

web-based or may utilize proprietary software. Radiologist reports may be acces-

sible through a Radiology Information System, integrated in the PACS system or

via the CIS [12].
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Computerized Provider Order Entry

In addition to using the CIS to access patient information, clinician orders may be

entered via the system and transmitted to the staff responsible for fulfilling the

orders. This may include requests for laboratory and imaging studies, dietary

orders, consultations and medication administration. CPOE provides several advan-

tages over paper systems, including overcoming handwriting and transcription

errors, more rapid communication of orders, ability to enter orders at the point-

of-care or offsite, audit tracking, and incorporating decision support. Decision

support (see below) may include checks for duplicate orders, drug dosing (corrected

for renal function) and alerts regarding drug interactions. CPOE has a potentially

very important role in the ICU, due to the complex workflow, and may provide the

biggest benefit of a CIS [13].

In order to simplify and standardize the ordering process for a common clinical

scenario, groups of orders or order sets are utilized. These can be developed to

incorporate current evidence-based guidelines and customized for local conditions

or formularies. Order sets act as checklists and reduce errors of omission and may

increase patient safety and quality of care. Order sets may be complex to develop,

and collaborative systems are available to share order sets between hospitals

(e.g. www.patientordersets.com).

The benefits of CPOE are predominantly the ability to reduce medication errors

and adverse drug events. CPOE avoids many of the pitfalls of handwritten pre-

scriptions, including poor penmanship, ambiguous abbreviations and trailing zeros.

Orders are rapidly transmitted to the pharmacy, with a full audit trail. Integrated

decision support will allow allergy checks and drug interaction evaluation. Sys-

tematic reviews of CPOE in hospitalized patients suggest a reduction in medication

errors and adverse drug events [14, 15]. Fewer studies are available specific to the

ICU situation, but there are some data to suggest a similar benefit. Improved

antibiotic prescribing [16] and reduction in prescription errors [17] have been

demonstrated. Although prescription errors may be reduced, these may be errors

that would have been intercepted by routine procedures in the paper environment,

and the effect on actual adverse events may not be large [18]. Furthermore,

although specific types of errors are clearly reduced by CPOE, this technology

has the potential to increase other types of errors, such as failure of renewing or

reordering medications, incorrect dosing and ordering on the incorrect patient

[19]. Drug errors still occur with CPOE, although of a different type, but there

does appear to be a learning curve with a reduction in errors over time [20].

Implementation of CPOE is fraught with problems. In 2002, implementation of a

CIS with CPOE in the Cedars-Sinai hospital in Los Angeles was met with resistance

by physicians, to the point that the CPOE was abandoned, with a return to a paper

system [21]. Lessons learned include the importance of system speed, that the

computers system must fit into the clinician’s workflow and not vice versa, and

implementation should be closely monitored with the ability to respond and make

changes immediately, amongst others [22]. Similar problems have been
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encountered elsewhere, one report describing the implementation of a commercial

CPOE system [23]. In this case, problems were resolved by comprehensively

revising the system and customizing it for local workflow requirements. The

implementation of a CPOE can have an adverse effect on patient outcome. Two

studies report the outcome of the same CPOE product deployed in two different

paediatric ICUs. In the first situation, a statistically significant increase in mortality

occurred after implementation [24]. In the other setting, mortality rates fell after

introduction of the same CPOE system [25]. The second implementation had,

however, learned from the first group and were able to anticipate and overcome

the sociological and organizational factors involved in CPOE implementation.

Decision Support

Decision support as a tool for improving the quality of health care has various

components. At its simplest, decision support is a passive tool, where high quality

information is simply available and facilitates the clinician making an informed

decision. An example would be a link on the medication ordering screen to a

pharmacopoeia, or a link on the EMR to a resource such as Up-To-Date (www.

uptodate.com). Decision support can be an active tool when it interacts with the

workflow of the clinician and intervenes at opportune times to inform and advise,

preventing errors of both commission and omission. An example of preventing an

error of commission is an alert preventing the incorrect administration of a drug.

Preventing the error is triggered by the act of electronically checking, at the time of

medication administration, that the drug is in is the correct dose, the correct route,

and not contraindicated by a drug interaction or drug allergy.

The opportunity to prevent an error of omission occurs when an intervention that

should have taken place, but has not, is detected. Prevention of errors of omission

may be synchronous or asynchronous. An example of a synchronous rule is the

following. The physician has opened the patient’s electronic chart and is preparing

to enter medication orders; the rules engine can advise that allergies have not yet

been entered to the system and thus potentially prevent an allergic reaction. An

example of an asynchronous rule is the detection of a failure to prescribe throm-

boembolism prophylaxis in a sedated, ventilated ICU patient. Preventing the error

requires surveillance of the patient and notification to a caregiver that administra-

tion of an anticoagulant may be indicated. Information systems have been designed

for the critical care environment that provide asynchronous decision support. They

continuously monitor a patient’s vital signs using algorithms to detect changes that

signal a problem and alert clinicians to the fact. The key to good decision support is

that it is useful in the care of the patient. Trivial alerts that are perceived as a

nuisance by clinicians are to be avoided. All rules should be specifically approved

by local clinicians before implementation.

Several other examples of specific decision support tools in the ICU have been

described. From the LDS Hospital in Salt Lake City, an algorithm for ventilator

management [26] and antibiotic prescribing based on epidemiological tracking of
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resistance patterns within the hospital [16]. From the Netherlands, a system

prompting use of a low tidal volume ventilation was found to change clinical

practice [27].

Another approach to decision support with a CIS involves utilization of the data

warehouse (see below) generated by the clinical data from the CIS, to overcome the

lack of evidence-based guidelines for a particular patient problem.With appropriate

software, a search can be generated for the outcome of a particular intervention,

filtered for similar patients (e.g. gender, age, diagnosis, co-morbidity) [28]. In the

absence of published data on a topic, this individualized approach using a local

clinical database likely provides a better result than the memory and/or cumulative

experience of several physicians.

Interfaces

The interface with the CIS plays an important role in the usability and efficacy of

the product. Most ICU-CIS allow a flowsheet-type interface, with variability in the

degree of local customization. This offers an interface modelled on the paper

versions of the ICU flow sheet in an attempt to parallel the paper-based workflow,

but this may not be the most effective way of providing information to the clinician.

The increased amount of information available can produce information overload,

with few benefits over a paper system. This large amount of data requires multiple

screens to review completely, which can make pattern recognition difficult. Various

approaches have been used to improve the clinician–CIS interface.

Task-specific or context-aware user interfaces can prioritize the display of a

limited number of high-value data elements [29]. A human-centred approach to the

organization and display of data has been used to develop a novel, single-screen

ICU user interface, presenting a subset of CIS data organized in a systems-based

format, familiar to ICU clinicians [30]. Using simulated clinical scenarios, this

approach was shown to improve errors, task load and time to completion of tasks.

Mobile interfaces include the use of smartphones, handheld computers or tablets,

for retrieving data from the CIS. These have the advantage of portability and access

at the point-of-care, but the potential disadvantages of small screen size and need

for a customized interface. Mobile computing is discussed further below.

The computer interface may also have an impact on ICU team interactions

during daily rounds. An ethnographic study of ward rounds during implementation

of an ICU-CIS demonstrated that the technology impeded the ability of the team-

leader to lead rounds, and affected the ability of individual team members to

contribute, until various technological and social solutions were instituted [31]. A

large, interactive surface computing platform such as Microsoft Pixelsense (previ-

ously called Microsoft Surface) (Microsoft Corp, Redmond, WA) may provide a

team interface for ICU rounds.

Ecological interface design focuses on the work environment rather than the

end-user or the specific task. This has application in complex systems, and by

making constraints perceptually evident, more cognitive resources can be devoted

5 Computers in Intensive Care 59



to problem solving. However, the benefits of this approach in a critical care

situation are variable [32]. Novel interface approaches include a vibro–tactile

interface [33] or a head-mounted display [34] which have been used for physio-

logical data monitoring during anaesthesia.

Data Warehousing

An ICU CIS generates a large database of clinical information that may be used for

a variety of purposes, including patient safety and quality improvement initiatives,

administration planning, decision support and clinical research. Patient data,

including demographic, diagnostic, clinical and laboratory information can be

stored in an anonymized fashion in a data warehouse, for subsequent analysis.

This analytical processing information system comprises a copy of data collected

by the transaction processing system or CIS, and is built to facilitate queries and

analysis [35]. Standardized data dictionaries are essential and EHRs must be

developed with consideration to the utilization of data for future analysis. Data to

be collected and aggregated needs to be collected in a coded and computable

format, using a nomenclature system such as Systemized Nomenclature of Medi-

cine—Clinical Terms (SNOMED CT) [36]. Data may be extracted from multiple

source systems requiring matching between patient identifiers and mapping data to

standardized nomenclature. Data queries and analysis may be through command

line structured query language (SQL), desktop database tools (e.g. Microsoft

Access), web applications or customized business intelligence software. These

data analyses can be used to support quality improvement initiatives, by identifying

areas of concern and tracking improvement with implementation of changes. Other

uses include healthcare planning and benchmarking. Clinical decision support, as

described in a previous section, can be supported by data warehousing, as can

clinical research projects.

CIS: Drivers and Barriers

Quality Improvement, particularly in regard to improving patient safety, is an

important driver for adoption of a CIS. The Leapfrog Group, a consortium of

large corporations and public agencies that buy health benefits on behalf of their

enrollees, was developed to obtain the best value for health care expenditure. They

have recommended computerized physician order entry with decision support

capabilities as an essential safety practice (Leapfrog Group Safety Practices) [37].

The health care industry has been significantly underspending on information

technology compared with other industries (e.g. banking and media), but there is

growing evidence that investments in information technology can provide a finan-

cial return. These financial benefits arise from the elimination of unnecessary tests

and procedures, improved revenue collection, and productivity gains. A major issue
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is the question of who will reap the financial benefits. Benefits do not necessarily

accrue to the providers who make the investment; rather, profits may become

apparent only when the health care system is considered as a whole. Financial

limitations remain a major barrier to the implementation of IT, largely due to these

imbalances between the funding source and the recipient of benefits. Furthermore,

most commercially available products are not ready-made and require significant

time investment by IT specialists and clinicians during implementation.

Interoperability is a significant barrier, due to a lack of standards for represen-

tation of clinical data and the variety of technological solutions available. The costs

of interfaces between applications within an organization and between organiza-

tions may limit implementation. The expectation and benefit of information sys-

tems is that they save time [38], and this expectation is certainly the case for ICU

CISs. Less time spent by the nurse documenting vital signs should translate to more

time for direct patient care. However, some studies have demonstrated an increased

documentation time following the introduction of an ICU CIS [39].

The change in culture produced by implementation of information technology is

a potentially important barrier. The critical care environment is traditionally

technology-rich, and clinicians in this area should be less reluctant to embrace

this new technology. User acceptance requires detailed usability testing with

emphasis on speed and ease of use. While data security is essential, there needs

to be a balance between security and making data rapidly available to authorized

users. The technology can, however, still be blamed for the additional workload in

correcting previously unsafe work practices (e.g. verbal orders or mandating clear

and complete prescriptions). Computerized systems may also be perceived to

require a standardization of care and abandonment of personal style. Computer

Order Entry introduces an element of process control, an important element of

quality improvement. It is essential that complex medical information systems fit

into clinician’s current workflow.

Ubiquitous Computing in the ICU

Ubiquitous or pervasive computing implies the availability of computing systems

and interfaces integrated into everyday objects and activities—“anywhere, anytime

computing” [40]. In other words, computers that fit the human environment, rather

than staff being required to enter a computing environment. Another term used is

Ambient Intelligence, a combination of ubiquitous computing and artificial intelli-

gence [41]. A software-agent-based paradigm enables such a system, an agent being

“an entity within a computer system environment that is capable of flexible,

autonomous actions with the aim of complying with its design objectives” [41].
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Context-Aware Services

A context-aware network is a network that is designed to allow for customization

and application operation that is compatible with both the preferences of the

individual user and also the expressed preferences of the enterprise which owns

the network. In a critical care environment, context awareness may support the

delivery of services, where “context” incorporates a number of attributes such as

location, time of day, staff profile, etc. Staff location may be provided by RFID tags

on ID cards or by smartphones, allowing the system to provide immediate access to

a specific patient’s electronic record, to an appropriately authorized clinician who is

in proximity of the patient [42]. This would facilitate information access by

automating the login and authorization procedures. Such a system requires software

architecture and design that incorporates location identification, user verification,

security and privacy. Similar systems may be utilized, for example, to generate “ad

hoc” cardiac arrest teams by identifying a team made up of appropriately qualified

personnel closest to the cardiac arrest event.

Mobile Computing

With the rapid evolution in mobile technology, including screen resolution,

improved memory capability, processing power and wireless connectivity, hand-

held devices have the potential to become an important component of an integrated

CIS [43, 44]. They offer a portable platform for point-of-care clinical reference and

patient management in the ICU. Handheld computers have several benefits

distinguishing them from desktop and laptop computers [45]. They are easily

portable and turn on immediately without the delay of a booting process. Potential

disadvantages include the small screen size and difficulty experienced by some

users with data entry using small keyboards. The concept of “enterprise digital

assistants” has been proposed, with the handheld device becoming an extension of

the hospital CIS [46]. There is an increasing push by clinicians for hospital IT

departments to support their personal devices [bring your own device (BYOD)] but

this requires clear privacy and security policies to be implemented [47]. Tablet

computers are an alternative mobile solution and provide a larger computer inter-

face, at the expense of significantly larger size and weight. The iPad has been

implemented successfully as a CIS interface [48]. Mobile desktop computers have

been used effectively for computer access on physicians’ rounds, mounted on a

mobile cart [computer on wheels (CoW)]. These computers provide a large screen

to access patient information and to view radiological images, using wireless

technology to connect to the hospital system and internet.

Wireless connectivity such as Bluetooth, WiFi (802.11) and cellular provides

real-time access to critical data. Although the risk of electromagnetic interference

with ICU equipment by cellular devices is real [49], the accumulating evidence has

provided us with a better understanding of the risks. Wireless devices can be
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implemented in the critical care environment with appropriate precautions, partic-

ularly by ensuring a minimum distance of 1 m between the device and susceptible

equipment [50].

Mobile devices may be used for a variety of roles in the ICU. They can be used to

interface with a CIS or electronic patient record, to review patient information as

well as to enter orders [51]. The benefit of mobility must be weighed against

potential disadvantages in this role. The small screen size allows only a limited

portion of the clinical record to be viewed and using a larger screen to access

simultaneous data is often preferable. Data entry on the handheld carries the risk of

numerical and typographical errors. Data security and patient confidentiality need

to be addressed, using encryption and password protection. Systems in which the

handheld acts as a browser or client to access a central database have the advantage

of not storing confidential information on the peripheral device, reducing the

security risk. The handheld computer also offers the ability to access drug infor-

mation, management guidelines and protocols at the point-of-care, either as a

component of a CIS or via stand-alone software [52]. Handheld devices are well

suited to provide drug information using electronic pharmacopoeias. Their major

advantages over paper-based references include the ability to update regularly,

perform drug interaction checks and integrate customized formularies [53,

54]. The best known example of the many handheld pharmacopoeias currently

available is ePocrates (www.epocrates.com), which is used by over 1 million

healthcare professionals (including 50 % of U.S. physicians) and provides a com-

prehensive drug list, dosing guidelines, common side effects and a drug interaction

application. Handheld devices offer the ability to provide bedside access to

evidence-based information, supporting a “just-in-time” education process

[55]. A number of Medline search apps are available for the various handheld

device platforms. Handheld devices have been used for data collection for clinical

research, taking advantage of small size and ability to turn on immediately, to

collect data at the bedside. A project in Ontario, Canada, used a wirelessly

connected mobile device to track adherence with quality improvement standards

[56]. Handheld decision support systems may prove to be of value in the manage-

ment of mass casualty events, providing guidelines and triage tools to mobile

healthcare workers [57].

Transmission of infection in the ICU by contact with computer keyboards has

been demonstrated [58] and the possibility of transmission by handheld devices

clearly needs to be considered. Colonization of handheld computers with skin

organisms is very common [59], and some pathogens may survive for days or

weeks on plastic surfaces, increasing the risk of disease transmission [60]. Handheld

devices can be effectively disinfected by cleaning with alcohol [61] but an aware-

ness of the potential problem, with strict attention to handwashing, is essential.
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Remote ICU Care and Telemedicine

The need to provide continuous support by trained ICU physicians in the face of a

shortfall of ICU physicians has prompted the introduction of remote ICU care

programs [62]. Despite literature suggesting improved outcomes with a dedicated

intensive care physician model, not all ICUs have this model in place during the

daytime and extremely few at night. Telemedicine offers the technology to bring

the knowledge of specialized practitioners to a variety of locations, at all times of

the day and night. Early studies demonstrated the feasibility of such a system as

well as a reduction in ICU length of stay and hospital mortality [63], the mortality

benefits being confirmed in a recent meta-analysis of 11 observational studies

[64]. There has recently been a significant increase in the number of health systems

adopting this care model.

In the USA, the company VISICU Inc. (now Philips eICU) initiated the imple-

mentation of remote ICU care programs [65], and now provides support to over

350 hospitals. Most are in multihospital health systems, with a flagship institution,

usually an academic centre or large tertiary care facility, where the remote team is

usually based.

Management Models

The remote team is responsible for (1) continuous monitoring of each patient,

(2) titration of therapy, (3) identification and management of new problems,

(4) facilitation of communication and (5) best practice compliance [65]. The

division of responsibilities may vary between sites, depending on the presence of

onsite intensivists, with the goal of providing 24 � 7 seamless oversight of all ICU

patients. This model requires a restructuring of the organization and delivery of

ICU services. There needs to be clear delineation of the responsibilities of each

team member with excellent communication between all team members. This

necessitates effective clinical information technology, to make data available to

the remote teams, to flag emerging problems, and to provide active decision

support. In hospitals with an open ICU, the large number of physicians admitting

patients to the ICU may make buy-in to a collaborative care model difficult.

Physician “category levels” have been used whereby the remote team are granted

varying privileges in patient management (e.g. emergencies only, execution of

daily care plan, etc.) for each individual physician’s patients.

The remote care staff consists of physicians, nurses and clerical personnel,

usually with one nurse and one physician covering about 70 remote beds, a second

nurse for 70–90 beds and a third nurse to cover up to 120 beds. Coverage is often

from noon to 7 a.m., with a gap during which time morning rounds take place on

site in the remote ICU.
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There are several core requirements to achieve quality goals:

1. Each patient requires a comprehensive daily care plan that addresses all clinical

issues (from ventilator weaning through nutrition to social issues). This is

developed by the onsite team and communicated to all onsite staff as well as

to the remote team.

2. Patients require frequent assessment throughout the day by an intensivist, for

titration of therapy and to detect emerging problems.

3. Specific individuals are charged with the implementation of quality improve-

ment initiatives. It is commonplace that this is assigned to the remote team.

4. Efforts must be made to standardize therapies across the entire health system to

ensure adoption of best practices.

Technology

The technological requirements for remote ICU care include:

Audio-visual equipment: Allowing the remote team to see patients and equipment

and interact with onsite staff. The A-V system is off most of the time, but can be

activated by the remote team, who control camera direction and magnification,

or by the onsite staff (in-room call buttons). The camera resolution allows

remote care providers to observe breathing patterns and equipment settings.

Bedside monitor data: Real-time waveforms are available to the remote care team.

Clinical data: The remote team need access to all relevant patient data, including

progress notes, bedside flow sheets, medication lists and laboratory data, via an

electronic CIS. This CIS is designed to maximize efficiency in managing the

entire ICU population and prioritize activities.

Imaging studies: Access to X-rays and ECGs is achieved through the use of digital

systems.

Alerting systems: Although periodic review of each individual patient is a core activity

of the remote team, automated surveillance tools can ensure prompt identification

of emerging problems. These tools use sophisticated rules engines, evaluating

monitor data, laboratory results, medication and charted data, as they enter the CIS.

Reports: The data in the CIS is used to generate detailed system-wide reports on

ICU outcomes and compliance with best practices.

Networks: The ICU beds and remote site are connected by local area and wide area

networks to ensure seamless and secure transmission of data. Adequate band-

width and data encryption are essential.

Remote Intensivist Interventions

Many sites track the interventions performed by remote site staff. The interventions

with the highest probability of impacting on outcome include urgent administration

of blood products, supervision of cardiac arrest management, management of
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mechanical ventilation, treatment of agitation, management of severe hypertension,

initiation of culture-directed antibiotics, supervision of procedures, management of

shock (fluid administration, inotropes), management of arrhythmias and end-of-life

issues.

Outcomes Data

Several hospitals utilizing the VISICU system reported improved outcomes, includ-

ing reduced ICU length of stay by 17 %, and a decrease in severity-adjusted

mortality by 13–38 %, with larger improvements where admitting physicians

authorized the remote site to actively manage their patients [65]. No difference in

outcome can be demonstrated between technologically advanced systems (with

continuous patient-data monitoring) and those providing remote intensivist consul-

tation only [64]. Nurse satisfaction is high with reduced rates of nurse turnover in

sites utilizing a remote ICU monitoring system. House staff have generated positive

feedback, due in part to the active effort by the remote teams to include them in

decision making and providing educational support.

Conclusions

Information technology is essential to enhance the efficacy and reliability of

healthcare provision in the Critical Care situation. The technology now exists to

integrate multiple databases of information in a healthcare situation to provide a

comprehensive but filtered overview of the patient. This can be enhanced by

decision support tools, remote access to information and mobile, point-of-need

technology. The remaining barriers to implementation include financial constraints

and developing acceptance among clinicians for this cultural change.
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Chapter 6

Integrating Subspecialty Expertise

in the Intensive Care Unit

Nicole Tran and Jason N. Katz

Abstract The integration of subspecialty expertise in the management of critically

ill patients has become an area of both great interest and controversy. The past

several decades have seen the emergence and rapid implementation of such

subspecialty intensive care settings as the cardiac intensive care unit (ICU) and

the neuroscience ICU. By pooling individuals with similar disease processes, and

capitalizing on the expertise of specially trained nurses and physicians, many

believe these units can provide more efficient and effective critical care delivery.

Despite limited evidence to either support or refute their significance, these ICUs

have become more commonplace, and their proliferation has brought to light

important questions regarding optimal structure, staffing, and training. At the

same time, the role of subspecialty consultants for an increasingly complex critical

care population remains an important and evolving process.
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The care of the critically ill has evolved considerably over time. This evolution has

not only been driven by the development of novel pharmacotherapies and emerging
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technologies, but has also been influenced by significant changes in patient demo-

graphics, comorbid illness, and disease severity. At the same time, there has been

substantial innovation in the structure and staffing of the intensive care units (ICUs)

where these high-risk, hospitalized individuals reside.

While this chapter will focus on the contemporary integration of subspecialty

ICUs for an increasingly complex patient population, it is important that we first

reflect upon historical aspects of critical care that have shaped this evolution. Prior

to the more recent diversification and subspecialization of intensive care, it was the

general medical and surgical ICUs that were the cornerstones of care delivery.

Defining the Contemporary ICU

In response to the rapid proliferation of ICUs and the increasing utilization of

critical care resources, several studies in the mid-1990s helped to define the

contemporary ICU environment. A single-day “snapshot” of over 2,800 ICUs in

the USA found that these units were predominantly medical, surgical, or mixed in

nature [1]. While certainly not as numerous, coronary care units (CCUs) were also

found to be an important mechanism for providing critical care. The most common

admission diagnoses in US ICUs at the time were respiratory failure and ischemic

heart disease. Subspecialty ICUs, like the CCU, were more commonplace among

larger hospital systems. Intensive care occupancy and the number of critical care

interventions also increased in parallel with hospital size [1].

In a similar study, Knaus et al. [2] analyzed over 17,000 ICU admissions to

40 US hospitals. These investigators found that the majority of units were combined

medical/surgical ICUs, while a minority were exclusive to one of the two

populations. The most common reason for admission to a surgical ICU was for

post-operative care following vascular interventions. On the other hand, the most

common medical ICU admitting diagnoses were congestive heart failure, gastroin-

testinal hemorrhage, drug overdose, and pneumonia. Across the entire ICU spec-

trum, the mean mortality rate was found to be approximately 16 % [2].

The transition from the 1990s to the early 2000s was associated with a total

decline in the number of US hospital beds, but a seemingly paradoxical 6.5 %

increase in ICU bed availability [3]. With this changing allocation came a nearly

45 % increase in overall critical care costs [3]. General medical and surgical ICUs

still accounted for the majority of beds during this time period, although the CCU

continued to emerge as one of the more pervasive subspecialty settings.
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The Subspecialty ICU: Examples of Novel Care

The Cardiac ICU

The origins of the CCU date back to the early 1960s when Julian [4] first described a

post-myocardial infarction (MI) unit for monitoring and treating cardiac arrhyth-

mias. In 1967, Killip and Kimball [5] reported their outcomes from 250 patients at

New York Hospital/Cornell Medical Center. These pioneers in cardiac critical care

described a marked decrease in hospital mortality, from 27 to 6 %, after the

introduction of their CCU. Following closely on the heels of this seminal investi-

gation, others began reporting similar successes. Lown et al. [6], for example,

described a reduction in ICU mortality of 11.5 % and overall hospital mortality

of 16.9 % using a paradigm of arrhythmia suppression in the CCU of the Peter Bent

Brigham Hospital. Goldman and Cook [7] extended the benefits of CCU care,

suggesting that these units may have been epidemiologically responsible for a

nearly 135 % decrease in overall cardiovascular mortality.

Like the general medical and surgical ICUs, the CCU has continued to evolve

since its inception. As therapies for coronary disease have advanced, the population

has aged, and the burden of heart failure has increased, the clinical scope of the

CCU has broadened over time. It is not uncommon now for patients with a diverse

spectrum of cardiac critical illnesses to occupy these units. Technological advances

have most certainly driven a significant portion of this evolution. Early mechanical

reperfusion, for instance, has become the standard of care for the management of

patients with ST-segment elevation myocardial infarction (STEMI). Implantable

and percutaneous ventricular assist devices have become increasingly utilized

therapies for the emergent management of patients with cardiogenic shock and

end-stage heart failure. In light of these and other trends, the contemporary CCU is

now often heavily occupied by patients that require invasive hemodynamic mon-

itoring, complex arrhythmia management, and multidisciplinary collaborative care.

Along with the growing diversity of advanced cardiovascular diseases, today’s

CCU patients have also become increasingly complex from a non-cardiac critical

care perspective. In a longitudinal, descriptive analysis of nearly 30,000 patients

admitted to a single, academic cardiac intensive care unit (CICU), a group of

investigators recently reported both a marked increase in case-mix and a greater

burden of non-cardiac critical illness over time [8]. The increasing influence of

sepsis, acute and chronic renal failure, and acute respiratory failure were also

matched by greater utilization of non-cardiac critical care procedures, including

central venous catheterization, renal replacement therapy, mechanical ventilation,

and flexible bronchoscopy, to name a few. Despite the fact that therapies for acutely

managing patients with cardiac ischemia have now favorably altered the natural

history of diseases once considered universally fatal, it was striking that these

investigators found no changes in overall CICU mortality during their nearly two

decades worth of study [8]. These compelling results raise several important
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questions related to the optimal staffing and structure of subspecialty ICUs, and

hence their roles in an increasingly complex healthcare environment.

The Neuroscience ICU

Though a more recent addition to the critical care vernacular, the neuroscience ICU

is perhaps the most well validated of all the subspecialty units. Studies have

consistently shown improvements in stroke and intracranial hemorrhage outcomes

for patients treated in these ICUs compared with those treated in more general

critical care settings [9–12]. In addition, it has been suggested that neuroscience

ICUs may substantially reduce complications, resource consumption, and costs-of-

care [13].

These important findings have also informed contemporary practice. In a recent

survey of critical care practitioners, there was broad consensus agreement that the

creation and implementation of neuroscience ICUs, staffed by practitioners well-

versed in the practice of neurologic intensive care, can improve healthcare quality

for neurological and neurosurgical patients with critical illness [14].

Other Examples of Subspecialty Critical Care

By pooling individuals with similar disease processes, and capitalizing on the

expertise of specially trained nurses and physicians, there has been continued

interest in expanding the subspecialty model of critical care delivery to other

populations. In several academic centers, for instance, ICUs dedicated to the care

of the burn patient now exist. In addition, recent studies have documented improved

outcomes in centers where dedicated cardiothoracic surgical ICUs have been

created [15–17].

Table 6.1 highlights selected evidence supporting several of the aforementioned

subspecialty models of ICU care.

Questions Essential to the Subspecialty ICU

Do Subspecialty ICUs Improve Patient Outcomes?

It is clear that subspecialty ICUs have become increasingly more commonplace,

particularly within larger, academic settings. While several important studies extol-

ling the benefits of specialized critical care have already been discussed, the true

impact of these units on patient outcomes remains a topic of considerable
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Table 6.1 Selected evidence in support of subspecialty ICU models

Subspecialty unit Investigators Study details Outcomes

Cardiac Killip and

Kimball [5]

Evaluated first 250 patients

with acute MI in new

four-bed CCU

CCU care reduced

in-hospital mortality

from 26 to 7 %

Lown et al. [6] Detailed outcomes of CCU

patients with a protocol

emphasizing arrhythmia

suppression after MI

Found reduction in CCU

mortality of 11.5 % and

in-hospital mortality of

16.9 %

Goldman and

Cook [7]

Modeled changing epidemi-

ology of cardiovascular

death in the USA from

1968 to 1976

Described nearly 13.5 %

decline in mortality rates

from ischemic heart dis-

ease due to the CCU

Reader [47] Studied changes in coronary

heart disease mortality in

Australia

Surmised that steady decline

in mortality over time

may have been direct

effect of specialized

CCU care

Neuroscience Mirski

et al. [13]

Compared patients with

intracranial hemorrhage

managed in NSICU ver-

sus general ICU settings

Found significant decrease

in mortality favoring the

NSICU, and reduced

LOS and costs-of-care

compared with national

benchmarks

Diringer and

Edwards

[12]

Queried national ICU data-

base to assess influence

of NSICU on patient

outcomes after hemor-

rhagic stroke

Significantly reduced mor-

tality seen in NSICU

patients compared with

general ICU patients

Suarez

et al. [11]

Retrospective analysis of

critically ill neurologic

patients admitted before

and after the implemen-

tation of a neurocritical

care team

Neurocritical care was asso-

ciated with a significant

decrease in mortality,

along with ICU and hos-

pital LOS

Cardiothoracic Stamou

et al. [15]

Evaluated impact of single-

institution, multidis-

ciplinary, quality

improvement program

on mortality after cardiac

surgery

Found significant reduction

in cardiac surgical mor-

tality after multidis-

ciplinary team (including

intensivist care) was

implemented

Kumar

et al. [16]

Retrospective, propensity-

matched, cohort study of

cardiac surgical patients

at single center to evalu-

ate impact of 24-h,

in-house intensivist care

Intensivist care was associ-

ated with significant

reductions in blood

transfusion, need for

mechanical ventilation,

and hospital LOS

Abbreviations: ICU intensive care unit,MImyocardial infarction, CCU coronary care unit, NSICU
neuroscience intensive care unit, LOS length of stay
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controversy. Among a diverse group of US hospitals, for instance, several recent

investigators found that admission to a subspecialty ICU was not associated with

improved risk-adjusted survival [18]. Furthermore, they found no substantial ben-

efits in terms of resource utilization. These findings have major implications when

considered within a healthcare environment keenly focused on cost containment

and care efficiency.

Why then might a subspecialty ICU fail to improve outcomes? By bringing

experts to the bedside to care for patients with unique disease processes, it seems

only logical that specialized care should be beneficial. However, there is more and

more reason to suspect that the patients within these units are not as unique as once

suspected [19]. Critical illness is the tie that binds these groups together, and it is

not uncommon to see multiorgan system failure, acute lung injury, and delirium

within each of these ICU settings. As a result, the distinction between various units

becomes blurred, and may in fact attenuate the benefits of specialization. There are

also likely other confounding features of care delivery—including standardization

of ICU protocols and multidisciplinary collaboration—which together may influ-

ence patient outcomes. What is most concerning, perhaps, is that there is now some

evidence to suggest that inappropriately triaging critically ill patients to the wrong

subspecialty unit may actually result in increased mortality [18]. While observa-

tional only, these findings warrant immediate prospective validation.

How Should the Subspecialty ICU Be Staffed?

While the influence of subspecialty ICU care on patient outcomes needs further

study, the widespread implementation of specialized critical care is unlikely to be

stifled. In light of this, there are several key features of care delivery that must be

addressed. In particular, an understanding of how best to staff these units is

paramount.

The evidence-based literature would suggest that patient outcomes are markedly

improved when critical care-trained practitioners—or intensivists—lead the ICU

team. In a retrospective analysis comparing risk-adjusted ICU patients treated by

either a critical care specialist or a generalist, Brown and Sullivan [20] found a

significant reduction in ICU mortality of 52 % and overall hospital mortality of

31 % favoring an intensivist model of care. Similarly, Reynolds et al. [21] showed

that intensivist staffing improved mortality among ICU patients admitted with

septic shock. Similar findings have been replicated and reported in a variety of

pediatric [22] and surgical ICU cohorts [23]. These data were ultimately substan-

tiated by a landmark meta-analysis that recently highlighted significant improve-

ments in mortality and resource consumption associated with intensivist care—

either in a primary or consultative role [24].

Despite increasing support for intensivists, only one quarter of all ICUs are

currently staffed by a practitioner trained in critical care medicine [25]. Larger

hospitals, academic institutions, and surgical/trauma units were most likely to
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employ a dedicated, intensivist-staffing model. There are many reasons which

underscore this disparity, but are thought to predominantly reflect resource limita-

tions and financial constraints. Given the well-documented projections of

intensivist shortages that are expected to plague the healthcare environment over

the next several decades [26], this trend in under-utilization of intensivist care is

likely to continue. There are frankly not enough critical care providers available to

staff every ICU setting. As a result, novel solutions must be entertained.

How Should the Subspecialty Intensivist Be Trained?

One such solution to the intensivist shortage is to simply train more providers.

However, it is unclear how best to train these providers, and what requisite skills

they would need to function best in each individual care setting. For instance, the

evidence seems to support intensivist-led care in general medical and surgical

ICUs, but little is known about how these practitioners would fare in a subspecialty

unit. At the same time, the goal of specialization is to pair critically ill patients with

providers who have disease-specific expertise. How then can we optimally recon-

cile these issues in order to provide the best and most efficient care to evolving

critically ill cohorts? The answer to this question will be a key component to

creating a roadmap for the future of critical care delivery.

One potential model would include joint care of critically ill patients with both a

subspecialist and intensivist collaboratively guiding care. There is limited data to

either support or refute such an approach. Regardless, this model does little to

address the burgeoning critical care crisis whereby the projected shortage of

intensivists will fail to meet the demand of nearly 35 % of affected patients within

the next 15 years [26].

An alternative model would be to equip subspecialists with the requisite skills

necessary to deliver high-quality critical care to their patients. Neurology training

programs have already been quite proactive in this regard. The United Council of

Neurologic Subspecialties (UCNS) has now officially recognized the field of

“critical care neurology” [27]. There are currently 40 accredited neurocritical

care fellowship programs, graduating nearly 400 trained physicians from 2007 to

2010 [28].

A similar approach has been considered by cardiologists, and was formally

addressed in a recent scientific statement supported by the American Heart Asso-

ciation (AHA) [29]. In this document, the writing group proposed an innovative

plan to keep pace with the evolving demands of patients within the CICU. In

particular, they focused on developing optimal training models for CICU providers.

By adapting existing training pathways within the context of current American

Board of Internal Medicine (ABIM) guidelines, and tailoring them to provide more

substantial critical care education, it is possible that dedicated trainees within

cardiovascular medicine fellowship programs will soon be better prepared to handle

the increasingly complex demands of critically ill cardiac patients. Similar
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approaches for acute cardiac care accreditation have already been implemented by

the European cardiovascular community [30]. At the same time, by enriching the

critical care workforce through the creation of new subspecialty intensivists, novel

training paradigms can be important mechanisms for averting the impending

critical care crisis (Fig. 6.1).

How to Incorporate Nursing and Multidisciplinary Care
Within the Subspecialty ICU?

While there is great interest in novel training approaches for enhancing physician

care within the subspecialty ICU, it is important not to forget the influence of

multidisciplinary collaboration. The very foundation of the contemporary CICU,

for instance, began with having specially trained nurses at the bedside—capable of

recognizing fatal arrhythmias and independently delivering life-saving defibrilla-

tion [31]. Neurologists and general critical care providers, when polled, suggested

that it was the expected improvement in nursing quality that was their greatest

motivator for supporting the implementation and rapid dissemination of neurosci-

ence ICUs [14]. There are, in fact, many examples where nursing expertise and

leadership have led to improvements in care—supported by better patient outcomes

[32] and superior quality metrics [33].

The roles and benefits of other care team members, including pharmacists, case

managers, dieticians, and social workers, may be less well defined within the

subspecialty ICU setting, but are no less important. Pharmacy collaboration in the

CICU, for instance, has been shown to improve care efficiency and to reduce costs

[34]. The influence of social workers in the ICU has been shown to reliably improve

continuity of care and promote better physician–nursing collaboration [35]. Future

analyses of these and other components of the care team should be conducted in

order to facilitate the effective growth of subspecialty critical care.

Fig. 6.1 The potential

influence of subspecialty

intensivists on the

impending critical care

crisis (Adapted from [26])
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Bringing Specialty Physicians to the Patients: ICU

Consultations

As we continue to address optimal subspecialty ICU models, it is important to

remember that provision of care is not isolated to the clinicians who staff these

units, but rather must also include the specialists who are often called upon to

provide critical consultation. Palliative care providers, infectious disease special-

ists, and neurologists, to name a few, can all be important contributors to the

subspecialty ICU team.

There is certainly data to support a more formal palliative care presence in the

ICU. The Study to Understand Prognoses and Preference for Outcomes and Risks

of Treatments (SUPPORT) investigators conducted a 2-year study of over 9,100

patients with one or more life-threatening diagnoses [36]. The 6-month mortality of

this group was 47 %, and results suggested that existing care models were inade-

quate for addressing end-of-life issues among the critically ill. The investigators

went so far as to propose mandatory palliative care consultation as a way to address

these deficits. Bradley and Brasel [37], in an effort to understand current patterns of

palliative care support, identified the most common “triggers” for palliative care

consultation in the surgical ICU. They found that patient/family request, medical

futility, prolonged lengths-of-stay (>1 month), and disagreement between family

and providers were the most likely reasons to get the palliative care team involved.

Whether these and other “triggers” should form the basis of consultative guidelines,

or whether palliative care team members should more formally be introduced as

members of the critical care team, is uncertain. What is clear from a burgeoning

evidence-base is that better collaboration of the ICU and palliative care teams is

warranted.

Given the marked prevalence of both community-acquired and nosocomial

infections in the ICU, an infectious disease (ID) specialist can also serve a pivotal

role as part of the critical care team. It is widely acknowledged that the presence of

infection is an important predictor of patient outcomes, and there is well-

documented risk associated with inappropriate initial antimicrobial strategies for

hospitalized individuals [38, 39]. Collaborative ID consultation can improve anti-

biotic selection, can facilitate timely de-escalation of therapy, and can promote a

culture of more effective infection surveillance [40]. While there is conflicting data

regarding the influence of ID consultation on patient mortality, lengths-of-stay, and

expenditures [41], greater collaboration between ICU physicians and ID experts

will continue to be an important part of multidisciplinary care for the critically ill.

In addition, with growing rates of organ transplantation, the availability of experts

knowledgeable in infectious complications associated with chronic immunosup-

pression will be increasingly necessary.

Yet another example of consultative care in the ICU, particularly pertinent to the

subspecialty care model, involves the treatment of patients following cardiac arrest.

In recent years, the use of therapeutic hypothermia has emerged as a standard of care

following successful resuscitation of out-of-hospital sudden cardiac death [42–44].
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As a result, many of today’s CICUs are now technologically well equipped to

manage these complex patients. Their care, however, requires extensive multidis-

ciplinary collaboration (Fig. 6.2). The use of hypothermia has also made neurolog-

ical consultation crucial and, at the same time, accurate prognostication of recovery

challenging. It seems no one criterion can effectively predict risk, and instead

contemporary neurologists must now rely on integrating numerous findings and

serial examinations in order to guide management decisions. The use of continuous

electroencephalography (EEG), somatosensory-evoked potentials (SSEPs), and

novel biomarkers have also become an important part of the neurologic consulta-

tion [45]. With more widespread adoption of therapeutic hypothermia and its

broader application among diverse patient populations [46], one can expect that

effective collaboration between cardiac intensivists and neurologic consultants will

become increasingly more important.

The Future of Subspecialty Intensive Care

As medicine continues to diversify, patients get more complex, and technologies

advance, optimal ways to involve subspecialists in the care of the critically ill will

remain an important topic for discussion. In specific populations, the subspecialty

ICU has been shown to improve patient outcomes. At the same time, ICU teams

directed by trained intensivists have led to reductions in patient mortality, resource

consumption, and lengths-of-stay.

In many cases, the evolution of subspecialty critical care and the implementation

of subspecialty units have outpaced the limited evidence-base that supports their

existence. Nonetheless, there is growing interest in expanding ICU settings based

upon disease-specific criteria. At one time, the cardiac and neuroscience ICUs were

considered newcomers to the field of critical care. Future subspecialization, how-

ever, is very likely to continue. Many expect critically ill oncology patients and

Fig. 6.2 Multidisciplinary

care and consultation

required for the

management of the cardiac

arrest patient
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those with advanced heart failure, for instance, to be the next beneficiaries of

dedicated specialty units. Given the high cost and intensity of critical care delivery

in general, issues pertaining to the optimal staffing, training, and multidisciplinary

care within these subspecialty models must be considered. In addition, the effective

involvement of specialty consultants and their timely collaboration with the critical

care team should be formally addressed.
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Part II

Improving Intensive Care



Chapter 7

Quality Improvement in the Intensive

Care Unit

Christopher Dale and J. Randall Curtis

Abstract Medical error is common and devastating, claiming the lives of an

estimated 100,000 people per year in the USA. The intellectual origins of the

modern intensive care unit (ICU) quality improvement (QI) movement can be

traced to post-World War II Japanese industrial process management and to

aviation safety. From Japanese Industrial process management, the concepts of

unnecessary variation and statistical process control have been applied to the ICU to

develop our current QI efforts. The Structure–Process–Outcome model of QI pro-

vides a solid theoretical approach for many efforts. From aviation safety, Human

Factors Analysis, Checklists, and Crew Resource Management are tools adapted for

the ICU QI team. The Institute for Healthcare Improvement has created a practical,

stepwise QI process that uses a Plan-Do-Study-Act cycle to help QI teams assess

and improve their ICUs. These tools provide a foundation for quality improvement

efforts in the ICU.
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At the completion of this chapter the reader should be able to:

1. Understand the contributions of industrial management and aviation safety to

quality improvement.

2. Describe a quality improvement framework offered by the Institute for

Healthcare Improvement.

3. Be able to implement a Plan-Do-Study-Act cycle.

Every system is perfectly designed to get the results that it gets. Paul Batalden, MD [1].

In March 1984 an 18-year-old college student named Libby Zion was seen in the

emergency room of a New York City hospital with a temperature of 39.7 �C and a

white blood cell count of 18,000 [2]. She was diagnosed with a “viral syndrome”

and admitted for IV hydration. In the early hours of the next morning, she became

more agitated and received meperidine and haloperidol from her admitting intern

who had been up for more than 18 h. Shortly thereafter her fever rose to 42 �C and

she suffered cardiac arrest and died.

In 1994 a 39-year-old health reporter for the Boston Globe named Betsy Lehman

developed breast cancer and went to the Dana Farber Cancer Institute for treatment.

In December 1994, as part of her cancer treatment protocol, she received a threefold

overdose of cyclophosphamide in a medication order error and died [3].

Clinicians have likely made errors as long as medicine has been practiced. The

deaths of Libby Zion and Betsy Lehman put faces on the fear that many patients and

clinicians have had that error is pervasive and even happens at the best hospitals. In

1999 the Institute of Medicine published a landmark report, To Err Is Human,
which reported that just under 100,000 patients die each year because of medical

error [4]. Theirs was not the first such report on the severity or extent of iatrogenic

harm, but it catalyzed a patient safety movement and placed the tragic deaths of

Zion, Lehman, and countless others in context [5]. Errors are not something that

happens elsewhere at lesser hospitals at the hands of bad clinicians. Harm happens

to my patients at my hospital and sometimes, despite how hard I work and how

careful I am, on my watch. How we work to make health care better and safer is the

story of quality improvement. Understanding the history of this story provides ICU

clinicians with a valuable context and framework for improving quality today.

The Foundation of the Quality Improvement Movement

The modern health care quality improvement movement didn’t begin in New York

in 1984 or with the publication of the To Err Is Human report 1999. We can trace

the roots of many of the principles and tools of quality improvement to two places:

The post-World War II Japanese industrial management practices and the modern

aviation safety movement.
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Lessons from Industrial Management Practices

Just after World War II, several American thinkers, physicists and engineers by

training, were interested in how companies could improve the quality of their

products and the efficiency of their operations. Perhaps the most notable was

W. Edwards Deming. He was a University of Wyoming and Yale-trained mathe-

matical physicist who studied the effects of nitrogen on crops for the US Depart-

ment of Agriculture and helped with statistical process control for the US Census

Bureau [6]. He was interested in process control and variation and the application of

statistics to process improvement. He went to Japan in 1947 to help General

Douglass MacArthur rebuild Japan and his ideas that focused on the process of

production and the relentless pursuit of quality found an eager audience.

One of Demming’s focuses was on unnecessary variation. Variation is difference

in process from moment to moment. It is inherent in every system and every

process. We know from our clinical experience that heart and respiratory rates

vary from minute to minute. Serum sodium levels are different from day to day.

Demming and a colleague, Walter Shewhart, created Statistical Process Control

wherein workers and management can monitor a process to look for variation that

exceeds a desired level as an indicator of a potential quality control problem. We

see this process control in many of the QI reports that are generated in today’s

hospitals: The plots of ventilator-associated pneumonia rates over time with upper

and lower confidence error lines are a modern incarnation of Demming and

Shewhart’s Statistical Process Control.

To help manage quality improvement, Deming created a “system of profound

knowledge” that espoused the belief that about 15–20 % of poor quality was

because of workers and the remaining 80–85 % was because of bad management,

improper systems and process [6]. To help improve processes, Deming and Shewart

created the Plan-Do-Study-Act quality improvement cycle that, to this day, is a

foundational principle of medical quality improvement and has been used by

Institute for Healthcare Improvement and other hospitals and healthcare organiza-

tions nationwide. Healthcare has been somewhat slow to fully uptake the process

management ideas proposed by Deming and implemented more than 60 years ago

in the auto industry in Japan, but his ideas have formed the basis for many of

today’s quality improvement activities.

Taiichi Ohno was a 35-year-old manager of Toyota’s Engine Manufacturing

Department when Demming arrived in Japan in 1947. Ohno developed the Toyota

Production System (TPS) that emphasizes work flow and eliminating waste or

muda, as it is called in Japanese [7]. An integral part of the TPS is giving each

worker the responsibility and ownership of the quality of the product. Each worker

is encouraged to “stop the line” if he or she observes a quality defect. The logic is

that if defects are detected early in the process, they are less likely to become errors

and that efficiency will be enhanced. This attention to waste and defects and a focus

on the production team and the role of the organization in quality echo many of

Demming’s thoughts.
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A number of hospitals in America, including Virginia Mason in Seattle, WA and

Henry Ford Hospital in Detroit, MI, use a variant of the TPS called “Lean” or

various other organization-specific names [8]. At their core, these mental frame-

works look at the process of production of health care and use the notion of waste

(non-value added activity) to guide analysis of the process in a way that builds on

the statistical analytical techniques that Deming and his contemporaries introduced

to industry both in America and in Japan.

Application of Industrial Management to Health Care

Avedis Donabedian was a physician who was born in Beirut, Lebanon and immi-

grated to America after World War II. He obtained his Masters of Public Health

from Harvard University and spent the majority of his career at University of

Michigan [9]. In 1966 he authored one of the foundational papers on medical

quality and created the Structure, Process and Outcome framework from which to

approach healthcare quality [10]. Many healthcare organizations still use the

Structure–Process–Outcome approach to quality.

Structure

The Structure component of the Donabedian triad considers fixed elements of the

care environment. For example, when Peter Pronovost and his group implemented

their intervention to decrease central line infection rates in Michigan hospitals, the

management at each hospital had to be engaged to make sure that the central line

carts were stocked with chlorhexidine cleaning solution [11]. Having central line

carts stocked with chlorhexidine on each unit is a Structural element of quality.

Process

Deming, Shewhart and Ohno focused the majority of their attention on industrial

processes and this is where much of quality improvement efforts to this day are

focused. Using central line infection prevention as an example, the use of the

chlorhexidine sterilizing washes, the use of the checklists, and the use of full barrier

precautions during line placement are all process measures of quality. Process

measures are often more amenable to monitoring and management than outcome

measures for two reasons. First, as process measures are frequently present with

each instance of the event (each time a central line is placed the clinician will or will

not use full barrier precautions), the number of process events is generally much,

much greater than outcome events. If that same clinician did not use full barrier

precautions, it might take weeks or months to see a central line infection. Second,

variations in process measures are often much more practicable to measure than
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outcomes. Often outcomes occur later in the course of care and the mechanisms to

track and monitor them may be beyond the scope of a single ICU.

Outcome

There is no question, however, that Outcome is the component of the triad about

which patients and clinicians ultimately care the most. The infection rate before

Pronovost’s intervention was only 2.7 infections per 1,000 catheter days. Central

line-related bloodstream infections are a serious and relatively infrequent outcome.

Many significant outcomes, by virtue of their relative infrequency, are not as

amenable to management as process or structure measures of quality. They ought

to still be measured, however, just as the function of cars coming off the Toyota

production line is still measured.

Thus the quality management strategies and tactics developed by Deming,

Shewhart, and Ohno are easily integrated into the Donabedian Structure–Process–

Outcome paradigm. Together they form two concepts from post World War II

industrial quality management that are relevant to healthcare quality improvement

today: (1) Look for and manage unnecessary variation. (2) Develop, evaluate, and

improve high-reliability processes as a way to create desired outcomes.

Lessons from Aviation Safety

Aviation safety is a second inspiration for modern health care quality improvement

effort and recently has seeped into popular culture. Several books including Atul

Gawande’s The Checklist Manifesto and John Nash’s Why Hospitals Should Fly
have examined how the impressive improvements in aviation safety might be

translated into medicine. There are three common applications of aviation safety

to ICU safety and quality improvement: The Swiss cheese model of error investi-

gation, checklists and Crew Resource Management.

Swiss Cheese Model and Human Factors Analysis

James Reason provided one of the seminal thoughts in aviation safety when he

described a “Swiss Cheese” model of mishaps as a conceptual model of the reasons

why errors occur [12]. Errors, he argues, are not caused by one event in isolation,

rather a number of conditions must all line up (like holes in sequential pieces of

Swiss cheese, hence the name) before harm befalls the patient (see Fig. 7.1). He

defines the conditions as either “active failures” or “latent conditions.” Active

failures are the “unsafe acts committed by people who are in direct contact with

the patient or the system.” Latent conditions are the “invisible ‘resident pathogens’

in the system” that may be thought of a preconditions for unsafe acts [12].
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The US Navy Safety Center and the Federal Aviation Administration have

further refined Reason’s Swiss cheese model into a robust Human Factors Analysis

and Classification System (HFACS) that defines different types of latent conditions

and looks for ways to mitigate them [13]. In the HFACS system, latent conditions

include Organizational Influences, Supervision and Preconditions for Unsafe Acts.

For example, in an ICU where the Organizational Climate values throughput and

productivity (a possible Organizational latent condition) a clinician may repeatedly

rush through admit orders (a possible Supervision latent condition) because he or

she wants to get home for the night (a Precondition for Unsafe Acts latent condi-

tion) and one time omit orders for antibiotics in a septic patient (an Unsafe Act).

Robust analysis of the reasons why the error occurred would try to discern all layers

of Swiss cheese that lined up and each of the individual latent conditions that

contributed to the active failure.

One of the ways that medicine lags aviation safety is that we lack a way to learn

from our mistakes on a consistent or broad basis. Clinicians have long yearned to

minimize harm and to improve as a central component of our mission. Morbidity

and Mortality rounds provide an opportunity to examine our bad outcomes. We

often informally tell stories of patient mishaps and near misses. But we lack a way

to systematically improve the process of healthcare delivery across our profession.

This is in distinction to aviation. For example, after a mishap, the US Navy

conducts an investigation and takes the lessons learned and systematically applies

them to the entire fleet. Health care lacks this coordinated improvement cycle.

There are some efforts to more towards profession-wide quality improvement.

The Agency for Healthcare Research and Quality (AHRQ) hosts a monthly web

M&M [14]. The Food and Drug Administration routinely publishes “Black Box”

drug warnings based on feedback from clinicians and patients [15]. Some organi-

zations like the Washington State Hospital Association have sponsored a “Safe

Table” space for hospitals to share their error experiences and look to improve

[16]. But we can do more as a profession to systematically learn from our outcomes.

We can put in place systems to disseminate the findings of our “mishap”

investigations.

Fig. 7.1 In order for

hazards to produce losses, a

number of active failures

and latent conditions must

all line up like holes in

layered pieces of Swiss

cheese (from Reason [12])
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Checklists

Atul Gawande and Peter Provonovst have both popularized the concept of check-

lists in medicine. In 1960 the worldwide commercial jet fatal mishap rate was

approximately 25 mishaps per million departures (Fig. 7.2). The early days of

aviation relied heavily on pilot skill and knowledge and prized the ability of the

individual to “get the job done” despite long odds and difficult situations. This

resonates with the skills that are valued in clinicians today in many care situations,

be it a difficult case in the OR or a tenuous patient the ICU.

As airplanes crashed out of the sky at rates that today would seem unfathomable

and would make air travel untenably dangerous to the flying public, aviation leaders

searched for ways to make procedures more uniform in the hopes that standard

approaches could improve mishap rates. As Fig. 7.2 shows, that standardization,

along with improving technology played a key role in improving aviation safety. In

the period 2001–2010, the fatal mishap rate was only 1.6 % of what it was 50 years

before. Standardization and checklists can play a large role in health care quality

improvement efforts.

At its most simple form a checklist can be thought of as memory aid, a tool to

help someone who already knows how to do her or his job to be sure that on any

particular day he or she does not omit a key step. A less explicit but equally

important downstream effect of checklists is that they can be designed to orient

the health care activity towards the patient and the team.

Atul Gawande and The World Health Organization looked for a way to decrease

operative mortality worldwide that could be implemented even in resource-poor

countries. The result was the Surgical Safety Checklist, which serves both as a

safety tool and as a team-orienting exercise. The checklist contains 19 elements in

Fig. 7.2 Commercial jet mishap rate has declined significantly over the past 50 years (Courtesy

the Boeing Company)
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three sections, each for one phase of the operation [17]. For example, before the

start the operation, all members of operative team introduce themselves by name

and role and discuss anticipated critical events, issues that are projected to arise

during the operation. This introduction not only helps form the operative team, it

orients them to the task at hand and helps ensure that essential, quality-added steps

are not overlooked, that patients received pre-operative antibiotics if needed, for

example. It is simple and effective. In their worldwide study, Dr. Gawande and his

colleagues found that implementation of the checklist was associated with a

reduction in rate of death to 0.8 from 1.5 % [17].

Checklists are valuable in the ICU as well. Drawing again on the example of

Peter Pronovost and his group, they showed that it is possible to use checklists as

part of a statewide quality improvement initiative. The US Agency for Health Care

Quality and Research (AHRQ) funded the Keystone ICU project across the state of

Michigan to test the hypothesis that implementation of a bundle of ICU interven-

tions, including a checklist to be used at the time of central line insertion, could

reduce catheter-related bloodstream infections statewide. The program was quite

successful and its implementation was associated with a reduction in median

catheter-related bloodstream infections from 2.7 per 1,000 catheter days to 0.0

per 1,000 catheter days [11]. Similar results have been observed in a variety of other

settings. Implementation of an ICU rounding checklist was associated with a 48 %

reduction in ICU mortality [18]. Implementation of a Clostridium difficile preven-

tion and treatment checklist was associated with a 40 % reduction in Clostridium

difficile incidence [19]. These results show that breaking down a task into its

component parts and standardizing the approach can decrease unnecessary vari-

ability and thereby improve outcomes.

Creating good checklists might be more difficult that it first appears. As Atul

Gawande details in his book, The Checklist Manifesto, the comparison to aviation

checklists can be instructive. Not all checklists perform the same function. Some

checklist items call for verification that something is as it seems it is: “check: flaps

down” in aviation; “patient identified with two identifiers” in healthcare. Some

checklist items call for action: “make airspeed 140 knots” in aviation; “apply sterile

prep to the intended central line insertion site” in medicine. Moreover, in the

aviation world, checklists are dynamic instruments that are continually improved

by the end user. In the case of aviation, the improvements are usually routed

through a central agency. For example, the US Navy uses the NATOPS (Naval

Air Training and Operating Procedures Standardization) program to aggregate

input from pilots, maintainers and other interested parties and then revises the

checklists so that they can then be implemented Navy-wide. This situation is

different from medicine where there is not a central clearing-house with this level

of authority for quality data or protocols. Often, clinicians or hospitals in need of a

good checklist will look to other local hospitals, on-line or to the published

literature for examples. Focusing attention at the professional level on checklist

development and implementation has the potential to be a powerful lever to

improve care processes and reduce unnecessary variation.
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Protocols and order sets (the process by which a protocol is implemented) are

cousins of checklists and serve to standardize processes. Implementation of pro-

tocols for a number of processes in the ICU has been shown to improve outcomes.

For example, implementation of analgesia and sedation protocols and ventilator

weaning protocols have both been shown to decrease ICU length of stay and

duration of mechanical ventilation [20–22]. However, it is important to acknowl-

edge that protocols may not improve care if the baseline quality of care is very high,

as in the example of a ventilator weaning protocol implemented at Johns Hopkins

University in a well-staffed, intensivist-run ICU [23]. In addition, protocol may

even worsen outcomes if dangerous care is protocolized as was the case for tight

glucose control in medically critically ill patients [24, 25].

Crew Resource Management

A third theme or lesson from aviation safety is a focus on the dynamic of the care

team. As aviation progressed from an enterprise that valued the individual initiative

and skill of the lead pilot to one that tries to optimize the performance of the cockpit

team, the industry developed tools to help the teams achieve more together. Crew

Resource Management is the term that is used in aviation safety to describe the

process by which the collective intelligence and ability of the group can exceed that

of its component individuals. An asymmetry of power and information and ineffi-

cient communication was found to be a significant contributing factor in a number

of aviation disasters. The most notable example was the 1977 Tenerife disaster

where two Boeing 747 s collided on a foggy runway on one of the Canary Islands,

killing 583 people in the deadliest mishap in aviation history [26, 27]. Tragically

crew members had data that could have prevented the mishap, but because of

communication and power issues the information was not able to be used

[28]. Because a high-functioning team is critical to mishap prevention, aviation

safety experts began to focus more explicitly on the dynamics within the cockpit

that impede the free-flow of knowledge and information.

The SCOAP checklist, for example, calls for participants in the operation to

introduce themselves by their name and their role. An overly formal environment,

where power relationships are highlighted in the way information is communicated

can impede the flow of information and impair the functioning of the health care

team. In Outliers Malcom Gladwell talks about the Power-Distance level of a

culture. The greater the Power-Distance level, the more difficult it can be for

those who are not in power to communicate important information to those who

are in power, as happened in the Tenerife disaster [29]. Crew Resource Manage-

ment works to decrease Power-Distance to improve information transfer.

The SBAR process for communication that has been promulgated by the Joint

Commission and IHI is another example of a communication tool that strives to

improve the quality of information transfer [30]. In this tool, the Situation is

described, followed by the necessary Background information to place the situation

in context, the reporter’s Assessment of the situation is then provided along with
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their Recommendation. SBAR can be thought of as both a checklist for communi-

cation and a Crew Resource Management tool designed to improve teamwork and

coordination. Robust randomized trial evidence of its effectiveness is lacking, but

implementation of SBAR is associated with reductions in clinician order entry error

and adverse drug events [30, 31].

There are three primary ways in which aviation safety thought impacts current

medical quality improvement efforts: (1) Improvements to the system can improve

patient outcomes. (2) Checklists can help repetitive tasks be done right and help

focus high-performing teams. (3) Standard operating procedures can help clinicians

do the right thing each time. (4) Teams are more effective than individuals at

performing complex tasks, but require a different set of skills, many of which are

not native to medicine.

Part of the reason that quality has not improved more rapidly in medicine is that

the human body in illness is much more complex than any industrial process or

aviation system. The counter-factual example is helpful to consider: If the tools of

industrial process control or aviation safety were a panacea for the woes of the

health care system, they would have already been more completely implemented

and patients would be healthier. Instead, health care has lagged in quality improve-

ment measures in large part because of the complexity of the system.

Implementing Quality Improvement in the ICU

So how then does an interested clinician go about improving the quality of care

delivered by their organization?

Give me a lever long enough and a fulcrum on which to place it, and I shall move the world.

Archimedes

In 2005 the then former and now current governor of Oregon, John Kitzhaber, an

Emergency Medicine physician, started a movement he described as The Archi-

medes Movement that looked to improve the state of health and healthcare for all

Oregonians. The movement articulated an often-unstated principle of quality

improvement: The search for the perfect lever. We all would like to improve quality

but we often feel powerless or ill equipped to effect the change that we so

desperately desire. Health care does not suffer from a lack of interested parties or

number of (sometimes competing) quality improvement opportunities.

As Table 7.1 details, there are many interested parties. The US Federal govern-

ment (CMS) is “paying for performance,” reporting of certain performance mea-

sures and publically reporting hospital performance on-line. The Agency for Health

Care @@Quality and Research funds research about ways to improve the quality of

care. The Joint Commission, the organization that accredits most of the acute care

hospitals in America, details many process improvement strategies that must be

implemented for accreditation like SBAR mentioned above. Large purchasers of

health care came together in the Leapfrog Group to articulate the need for improved

96 C. Dale and J.R. Curtis



T
a
b
le

7
.1

N
o
rt
h
A
m
er
ic
an

q
u
al
it
y
im

p
ro
v
em

en
t
o
rg
an
iz
at
io
n
s

O
rg
an
iz
at
io
n
n
am

e
O
w
n
er
s/
st
ak
eh
o
ld
er
s

M
is
si
o
n
/v
is
io
n

E
x
am

p
le

p
ro
je
ct
s

H
o
w

ca
n
th
ey

h
el
p
m
e?

In
st
it
u
te

fo
r

H
ea
lt
h
ca
re

Im
p
ro
v
em

en
t

(I
H
I)

w
w
w
.i
h
i.
o
rg

P
ri
v
at
e
n
o
t-
fo
r-
p
ro
fi
t
o
rg
an
iz
a-

ti
o
n
.

F
o
u
n
d
ed

b
y
D
o
n
B
er
w
ic
k
an
d

o
th
er
s
in

th
e
1
9
8
0
s.

F
u
n
d
in
g
fr
o
m

d
o
n
at
io
n
s
an
d

fe
es

fr
o
m

ed
u
ca
ti
o
n
al

re
so
u
rc
es
.

N
o
n
ee
d
le
ss

d
ea
th
s,
n
o
n
ee
d
le
ss

p
ai
n
o
r
su
ff
er
in
g
,
n
o
h
el
p
-

le
ss
n
es
s
in

th
o
se

se
rv
ed

o
r

se
rv
in
g
,
n
o
u
n
w
an
te
d

w
ai
ti
n
g
,
n
o
w
as
te
,
n
o
o
n
e

le
ft
o
u
t.

O
p
en

S
ch
o
o
l,
an

o
n
li
n
e
re
so
u
rc
e

fo
r
p
eo
p
le

in
te
re
st
ed

in
Q
I.

1
0
0
,0
0
0
an
d
5
m
il
li
o
n
li
v
es

ca
m
p
ai
g
n
s.

E
q
u
ip

p
ro
fe
ss
io
n
al
s
w
it
h
to
o
ls

n
ee
d
ed

to
af
fe
ct

Q
I
in

th
ei
r

o
rg
an
iz
at
io
n
.

O
ff
er
s
o
n
-l
in
e
le
ar
n
in
g
an
d
ce
r-

ti
fi
ca
te
s
in

Q
I.

T
h
e
L
ea
p
fr
o
g
G
ro
u
p

w
w
w
.l
ea
p
fr
o
g
g
ro
u
p
.

o
rg

P
ri
v
at
e
n
o
t-
fo
r-
p
ro
fi
t
o
rg
an
iz
a-

ti
o
n
.

F
o
u
n
d
ed

in
2
0
0
2
b
y
a
g
ro
u
p
o
f

la
rg
e
em

p
lo
y
er
s
w
h
o
w
an
te
d

to
w
o
rk

to
g
et
h
er

to
u
se

th
e

w
ay

th
ey

p
u
rc
h
as
ed

h
ea
lt
h

ca
re

to
h
av
e
an

in
fl
u
en
ce

o
n

it
s
q
u
al
it
y
an
d
af
fo
rd
ab
il
it
y
.

F
u
n
d
in
g
fr
o
m

la
rg
e
em

p
lo
y
er
s

(l
ik
e
B
o
ei
n
g
,
F
ed
E
X
,
G
en
-

er
al

M
o
to
rs
)
an
d
o
rg
an
iz
a-

ti
o
n
s
o
f
p
u
rc
h
as
er
s
(l
ik
e

M
id
w
es
t
B
u
si
n
es
s
G
ro
u
p
o
n

H
ea
lt
h
,
S
il
ic
o
n
V
al
le
y

E
m
p
lo
y
er
s
F
o
ru
m
)
an
d
fr
o
m

h
ea
lt
h
ca
re

in
d
u
st
ry

“p
ar
t-

n
er
s”

(l
ik
e
A
et
n
a,
L
il
ly
,

H
o
sp
it
al

C
o
rp
o
ra
ti
o
n
o
f

A
m
er
ic
a)
.
A
ls
o
co
ll
ec
ts
fe
es

fr
o
m

li
ce
n
si
n
g
it
s
d
at
a.

T
o
tr
ig
g
er

g
ia
n
t
le
ap
s
fo
rw

ar
d
in

th
e
sa
fe
ty
,
q
u
al
it
y
an
d

af
fo
rd
ab
il
it
y
o
f
h
ea
lt
h
ca
re

b
y
:
S
u
p
p
o
rt
in
g
in
fo
rm

ed

h
ea
lt
h
ca
re

d
ec
is
io
n
s
b
y

th
o
se

w
h
o
u
se

an
d
p
ay

fo
r

h
ea
lt
h
ca
re

an
d
;
P
ro
m
o
ti
n
g

h
ig
h
-v
al
u
e
h
ea
lt
h
ca
re

th
ro
u
g
h
in
ce
n
ti
v
es

an
d

re
w
ar
d
s.

L
ea
p
fr
o
g
H
o
sp
it
al

S
u
rv
ey
,
an

an
n
u
al
ly

u
p
d
at
ed

h
o
sp
it
al

su
rv
ey

o
p
en

to
an
y
h
o
sp
it
al

in
A
m
er
ic
a
an
d
ai
m
ed

at

co
n
su
m
er
s.
S
u
rv
ey

al
so

u
se
s

M
ed
ic
ar
e
d
at
a.

L
ea
p
fr
o
g
H
o
sp
it
al

R
ec
o
g
n
it
io
n

P
ro
g
ra
m

H
ea
lt
h
P
la
n
U
se
rs

G
ro
u
p
.
P
ro
-

v
id
es

a
fo
ru
m

fo
r
p
u
rc
h
as
er
s

an
d
n
at
io
n
al
h
ea
lt
h
p
la
n
ca
r-

ri
er
s
to

co
ll
ab
o
ra
te

to
p
ro
-

v
id
e
em

p
lo
y
er
s
w
it
h

p
ro
d
u
ct
s
th
at

w
il
l
ad
d
re
ss

L
ea
p
fr
o
g
’s

p
u
rc
h
as
in
g

p
ri
n
ci
p
le
s.

A
ll
o
w
s
p
ro
fe
ss
io
n
al

to
se
e
h
o
w

th
ei
r
h
o
sp
it
al

co
m
p
ar
es

to

o
th
er

h
o
sp
it
al
s
in

th
e

se
le
ct
ed

m
et
ri
cs
.

H
as

ca
ll
ed

fo
r
p
u
b
li
c
re
p
o
rt
in
g

o
f
In
te
n
si
v
is
t
st
af
fi
n
g

o
f
IC
U
s.

(c
o
n
ti
n
u
ed
)

7 Quality Improvement in the Intensive Care Unit 97

http://www.ihi.org/
http://www.leapfroggroup.org/
http://www.leapfroggroup.org/


T
a
b
le

7
.1

(c
o
n
ti
n
u
ed
)

O
rg
an
iz
at
io
n
n
am

e
O
w
n
er
s/
st
ak
eh
o
ld
er
s

M
is
si
o
n
/v
is
io
n

E
x
am

p
le

p
ro
je
ct
s

H
o
w

ca
n
th
ey

h
el
p
m
e?

T
h
e
Jo
in
t
C
o
m
m
is
-

si
o
n
(J
C
A
H
O
)

w
w
w
.

jo
in
tc
o
m
m
is
si
o
n
.

o
rg

P
ri
v
at
e,
n
o
t-
fo
r-
p
ro
fi
t
o
rg
an
iz
a-

ti
o
n
.

F
o
u
n
d
ed

in
1
9
5
1
b
y
th
e
A
m
er
i-

ca
n
C
o
ll
eg
e
o
f
P
h
y
si
ci
an
s,

th
e
A
m
er
ic
an

M
ed
ic
al

A
ss
o
ci
at
io
n
,
th
e
A
m
er
ic
an

H
o
sp
it
al
A
ss
o
ci
at
io
n
an
d
th
e

C
an
ad
ia
n
M
ed
ic
al

A
ss
o
ci
a-

ti
o
n
.

F
u
n
d
in
g
fr
o
m

ac
cr
ed
it
at
io
n
an
d

o
n
-s
it
e
su
rv
ey

fe
es
.

T
o
co
n
ti
n
u
o
u
sl
y
im

p
ro
v
e
h
ea
lt
h

ca
re

fo
r
th
e
p
u
b
li
c,
in

co
l-

la
b
o
ra
ti
o
n
w
it
h
o
th
er

st
ak
e-

h
o
ld
er
s,
b
y
ev
al
u
at
in
g
h
ea
lt
h

ca
re

o
rg
an
iz
at
io
n
s
an
d

in
sp
ir
in
g
th
em

to
ex
ce
l
in

p
ro
v
id
in
g
sa
fe

an
d
ef
fe
ct
iv
e

ca
re

o
f
th
e
h
ig
h
es
t
q
u
al
it
y

an
d
v
al
u
e.

A
cc
re
d
it
at
io
n
d
ee
m
s
a
h
o
sp
it
al

to
b
e
in

co
m
p
li
an
ce

w
it
h

M
ed
ic
ar
e
an
d
th
u
s
ab
le

to

p
ar
ti
ci
p
at
e
in

th
e
M
ed
ic
ar
e

an
d
M
ed
ic
ai
d
p
ro
g
ra
m
s.

C
er
ti
fi
ca
ti
o
n
d
ee
m
s
th
at

an

o
rg
an
iz
at
io
n
m
ee
ts

JC
A
H
O
’s

re
q
u
ir
em

en
ts
in

a

sp
ec
ifi
c
ar
ea
.

O
p
er
at
es

a
co
n
su
m
er

q
u
al
it
y

ch
ec
k
w
eb
si
te

(w
w
w
.

q
u
al
it
y
ch
ec
k
.o
rg
)
to

in
fo
rm

co
n
su
m
er
s
ab
o
u
t
th
e

ac
cr
ed
it
ed

an
d
ce
rt
ifi
ed

h
o
s-

p
it
al
s
an
d
p
ro
g
ra
m
s
in

th
ei
r
ar
ea
.

H
as

ex
p
an
d
ed

to
p
ic
-s
p
ec
ifi
c

ce
rt
ifi
ca
ti
o
n
(S
tr
o
k
e
ce
rt
ifi
-

ca
ti
o
n
)
re
ce
n
tl
y
.
N
o
cr
it
ic
al

ca
re

o
p
ti
o
n
as

o
f
2
0
1
1
.

C
en
te
rs

fo
r
M
ed
i-

ca
re

an
d
M
ed
ic
-

ai
d
S
er
v
ic
es

(C
M
S
)

w
w
w
.c
m
s.
g
o
v

A
g
en
cy

o
f
th
e
U
S
F
ed
er
al

G
o
v
-

er
n
m
en
t.
P
ar
t
o
f
th
e
D
ep
ar
t-

m
en
t
o
f
H
ea
lt
h
an
d
H
u
m
an

S
er
v
ic
es
.

F
o
u
n
d
ed

b
y
la
w
in

1
9
6
5
.

F
u
n
d
in
g
co
m
es

fr
o
m

p
ay
ro
ll

ta
x
es

an
d
b
en
efi
ci
ar
y

co
p
ay
m
en
ts
.

T
o
en
su
re

ef
fe
ct
iv
e,
u
p
-t
o
-d
at
e

h
ea
lt
h
ca
re

co
v
er
ag
e
an
d
to

p
ro
m
o
te

q
u
al
it
y
ca
re

fo
r

b
en
efi
ci
ar
ie
s.

C
en
te
r
fo
r
M
ed
ic
ar
e
an
d
M
ed
-

ic
ai
d
In
n
o
v
at
io
n
.

L
au
n
ch
ed

as
p
ar
t
o
f
th
e
2
0
1
0

A
ff
o
rd
ab
le

C
ar
e
A
ct
.
L
o
o
k
s

to
h
el
p
im

p
ro
v
e
th
e
st
ru
ct
u
re

o
f
ca
re

d
el
iv
er
y
.

P
h
y
si
ci
an

Q
u
al
it
y
R
ep
o
rt
in
g

S
y
st
em

an
d
E
H
R
in
ce
n
ti
v
es

p
ro
v
id
e
ad
d
it
io
n
al

m
o
n
ey

fo
r
cl
in
ic
ia
n
s,
in
cl
u
d
in
g
P
ay
-

fo
r-
P
er
fo
rm

an
ce

in
ce
n
ti
v
es
.

P
ar
ti
ci
p
at
e
in

P
ay
-f
o
r-
P
er
fo
r-

m
an
ce

an
d
o
th
er

Q
I
in
it
ia
-

ti
v
es

as
th
ey

ar
is
e.

H
H
S
o
p
er
at
es

h
o
sp
it
al

co
m
p
ar
e

(w
w
w
.h
o
sp
it
al
co
m
p
ar
e.
h
h
s.

g
o
v
)
w
h
ic
h
p
u
b
li
sh
es

p
ro
-

ce
ss

an
d
o
u
tc
o
m
e
q
u
al
it
y

m
ea
su
re
s.

A
g
en
cy

fo
r

H
ea
lt
h
ca
re

Q
u
al
-

it
y
an
d
R
es
ea
rc
h

(A
H
R
Q
)

w
w
w
.a
h
rq
.g
o
v

A
g
en
cy

o
f
th
e
U
S
F
ed
er
al

g
o
v
-

er
n
m
en
t.
P
ar
t
o
f
th
e
D
ep
ar
t-

m
en
t
o
f
H
ea
lt
h
an
d
H
u
m
an

S
er
v
ic
es
.

E
st
ab
li
sh
ed

in
1
9
8
9
.

F
u
n
d
in
g
co
m
es

fr
o
m
U
S
F
ed
er
al

b
u
d
g
et
.

T
o
im

p
ro
v
e
th
e
q
u
al
it
y
,
sa
fe
ty
,

ef
fi
ci
en
cy

an
d
ef
fe
ct
iv
en
es
s

o
f
h
ea
lt
h
ca
re

fo
r
al
l

A
m
er
ic
an
s.

E
x
p
an
d
in
g
C
o
m
p
ar
at
iv
e
E
ff
ec
-

ti
v
en
es
s
an
d
H
ea
lt
h
In
fo
r-

m
at
io
n
T
ec
h
n
o
lo
g
y
re
se
ar
ch

as
p
ar
t
o
f
th
e
A
C
A
.

F
u
n
d
s
Q
I
re
se
ar
ch
.
H
el
p
s

im
p
le
m
en
t
F
ed
er
al

h
ea
lt
h
ca
re

q
u
al
it
y
st
ra
te
g
y
.

98 C. Dale and J.R. Curtis

http://www.jointcommission.org/
http://www.jointcommission.org/
http://www.jointcommission.org/
http://www.qualitycheck.org/
http://www.qualitycheck.org/
http://www.cms.gov/
http://www.hospitalcompare.hhs.gov/
http://www.hospitalcompare.hhs.gov/
http://www.ahrq.gov/


N
at
io
n
al

Q
u
al
it
y

F
o
ru
m

(N
Q
F
)

w
w
w
.q
u
al
it
y
fo
ru
m
.

o
rg

P
ri
v
at
e,
n
o
t-
fo
r-
p
ro
fi
t
o
rg
an
iz
a-

ti
o
n
.

F
o
u
n
d
ed

in
1
9
9
9
b
y
p
u
b
li
c-

an
d

p
ri
v
at
e-
se
ct
o
r
le
ad
er
s.

F
u
n
d
in
g
co
m
es

fr
o
m

p
u
b
li
c
an
d

p
ri
v
at
e
g
ra
n
ts
,
in
cl
u
d
in
g

g
ra
n
ts
fr
o
m

th
e
h
ea
lt
h
ca
re

in
d
u
st
ry

(B
ri
st
o
l-
M
y
er
s

S
q
u
ib
b
F
o
u
n
d
at
io
n
,C

ar
d
in
al

H
ea
lt
h
F
o
u
n
d
at
io
n
).

T
o
im

p
ro
v
e
th
e
q
u
al
it
y
o
f

A
m
er
ic
an

h
ea
lt
h
ca
re

b
y
:

B
u
il
d
in
g
co
n
se
n
su
s
o
n
n
at
io
n
al

p
ri
o
ri
ti
es

an
d
g
o
al
s
fo
r
p
er
-

fo
rm

an
ce

im
p
ro
v
em

en
t;

E
n
d
o
rs
in
g
n
at
io
n
al

co
n
se
n
su
s

st
an
d
ar
d
s
fo
r
m
ea
su
ri
n
g
an
d

p
u
b
li
cl
y
re
p
o
rt
in
g
o
n
p
er
-

fo
rm

an
ce
;

P
ro
m
o
ti
n
g
th
e
at
ta
in
m
en
t
o
f

n
at
io
n
al

g
o
al
s
th
ro
u
g
h
ed
u
-

ca
ti
o
n
an
d
o
u
tr
ea
ch

p
ro
g
ra
m
s

P
ro
v
id
es

in
p
u
t
to

C
M
S
an
d

o
th
er

o
rg
an
iz
at
io
n
s
ab
o
u
t

h
o
w

to
m
ea
su
re

q
u
al
it
y
.

C
o
n
tr
ac
te
d
b
y
H
H
S
to

p
ro
v
id
e

in
p
u
t
fo
r
th
e
N
at
io
n
al

Q
u
al
-

it
y
S
tr
at
eg
y
.

H
el
p
s
cr
ea
te

q
u
al
it
y
st
an
d
ar
d
s.

IC
U
-r
el
ev
an
t
m
ea
su
re
s

in
cl
u
d
e
ce
n
tr
al

li
n
e-
re
la
te
d

b
lo
o
d
st
re
am

in
fe
ct
io
n
p
re
-

v
en
ti
o
n
,
in
ci
d
en
ce

o
f
v
en
o
u
s

th
ro
m
b
o
em

b
o
li
sm

,
v
en
ti
la
-

to
r
b
u
n
d
le
.

A
m
er
ic
an

A
ss
o
ci
a-

ti
o
n
o
f
C
ri
ti
ca
l-

C
ar
e
N
u
rs
es

(A
A
C
N
)

w
w
w
.a
ac
n
.o
rg

P
ri
v
at
e,
n
o
t-
fo
r-
p
ro
fi
t
p
ro
fe
s-

si
o
n
al

o
rg
an
iz
at
io
n
.

F
o
u
n
d
ed

in
1
9
6
9
as

th
e
A
m
er
i-

ca
n
A
ss
o
ci
at
io
n
o
f
C
ar
d
io
-

v
as
cu
la
r
N
u
rs
es
.

F
u
n
d
in
g
co
m
es

fr
o
m

m
em

b
er

d
u
es
,
m
ee
ti
n
g
s
an
d

ce
rt
ifi
ca
ti
o
n
s.

P
at
ie
n
ts
an
d
th
ei
r
fa
m
il
ie
s
re
ly

o
n
n
u
rs
es

at
th
e
m
o
st
v
u
l-

n
er
ab
le

ti
m
es

o
f
th
ei
r
li
v
es
.

A
cu
te

an
d
cr
it
ic
al

ca
re

n
u
rs
es

re
ly

o
n
A
A
C
N
fo
r

ex
p
er
t
k
n
o
w
le
d
g
e
an
d
th
e

in
fl
u
en
ce

to
fu
lfi
ll
th
ei
r

p
ro
m
is
e
to

p
at
ie
n
ts
an
d
th
ei
r

fa
m
il
ie
s.
A
A
C
N

d
ri
v
es

ex
ce
ll
en
ce

b
ec
au
se

n
o
th
in
g

le
ss

is
ac
ce
p
ta
b
le
.

P
u
b
li
ca
ti
o
n
s:
A
m
er
ic
an

Jo
ur
na

l
of

C
ri
ti
ca
l
C
ar
e

T
h
ro
u
g
h
A
A
C
N

C
er
ti
fi
ca
ti
o
n

C
o
rp
o
ra
ti
o
n
o
ff
er
s
ce
rt
ifi
-

ca
te
s
in

8
cr
it
ic
al

ca
re

d
is
ci
-

p
li
n
es
.

C
re
at
ed

th
e
B
ea
co
n
A
w
ar
d
fo
r

E
x
ce
ll
en
ce

in
C
ri
ti
ca
l
C
ar
e

S
u
p
p
o
rt
s
k
n
o
w
le
d
g
e
d
is
se
m
in
a-

ti
o
n
v
ia

P
ra
ct
ic
e
A
le
rt
s.

S
p
o
n
so
rs
an

an
n
u
al

co
n
fe
re
n
ce
,

th
e
N
at
io
n
al

T
ea
ch
in
g
In
st
i-

tu
te

an
d
C
ri
ti
ca
l
C
ar
e

E
x
p
o
si
ti
o
n
.

S
o
ci
et
y
o
f
C
ri
ti
ca
l

C
ar
e
M
ed
ic
in
e

(S
C
C
M
)

w
w
w
.s
cc
m
.o
rg

P
ri
v
at
e,
n
o
t-
fo
r-
p
ro
fi
t
p
ro
fe
s-

si
o
n
al

o
rg
an
iz
at
io
n
.

F
o
u
n
d
ed

in
1
9
7
0
b
y
cr
it
ic
al
ca
re

p
ro
fe
ss
io
n
al
s.

F
u
n
d
in
g
co
m
es

fr
o
m

m
em

b
er

d
u
es
,
m
ee
ti
n
g
s
an
d
ed
u
ca
-

ti
o
n
al

ac
ti
v
it
ie
s.

T
o
se
cu
re

th
e
h
ig
h
es
t
q
u
al
it
y

ca
re

fo
r
al
l
cr
it
ic
al
ly

il
l
an
d

in
ju
re
d
p
at
ie
n
ts
.

P
u
b
li
ca
ti
o
n
s:
C
ri
ti
ca
l
C
on

ne
c-

ti
on

s,
C
ri
ti
ca
l
C
ar
e
M
ed
i-

ci
ne
.

L
ea
rn
IC
U

(w
w
w
.l
ea
rn
ic
u
.o
rg
)

an
o
n
-l
in
e
le
ar
n
in
g
en
v
ir
o
n
-

m
en
t
th
at

ag
g
re
g
at
es

co
n
-

te
n
t,
in
cl
u
d
in
g
ar
ti
cl
es
,

p
re
se
n
ta
ti
o
n
s
an
d
p
o
d
ca
st
s.

O
ff
er
s
fo
r
p
u
rc
h
as
e
th
e
IC
U

R
E
P
O
R
T
as

a
Q
I
to
o
l
to
h
el
p

cl
in
ic
ia
n
s
as
se
ss

th
ei
r
IC
U
.

L
ea
rn
IC
U

co
n
ta
in
s
le
ar
n
in
g

re
so
u
rc
es

fo
r
IC
U

ca
re

an
d

q
u
al
it
y
im

p
ro
v
em

en
t.

S
p
o
n
so
rs
th
e
an
n
u
al

C
ri
ti
ca
l

C
ar
e
C
o
n
g
re
ss
.

(c
o
n
ti
n
u
ed
)

7 Quality Improvement in the Intensive Care Unit 99

http://www.qualityforum.org/
http://www.qualityforum.org/
http://www.aacn.org/
http://www.sccm.org/
http://www.learnicu.org/


T
a
b
le

7
.1

(c
o
n
ti
n
u
ed
)

O
rg
an
iz
at
io
n
n
am

e
O
w
n
er
s/
st
ak
eh
o
ld
er
s

M
is
si
o
n
/v
is
io
n

E
x
am

p
le

p
ro
je
ct
s

H
o
w

ca
n
th
ey

h
el
p
m
e?

A
m
er
ic
an

T
h
o
ra
ci
c

S
o
ci
et
y
(A

T
S
)

w
w
w
.t
h
o
ra
ci
c.
o
rg

P
ri
v
at
e,
n
o
t-
fo
r-
p
ro
fi
t
p
ro
fe
s-

si
o
n
al

o
rg
an
iz
at
io
n
.

F
o
u
n
d
ed

in
1
9
0
5
as

th
e
A
m
er
i-

ca
n
S
an
at
o
ri
u
m

A
ss
o
ci
at
io
n
.

F
u
n
d
in
g
co
m
es

fr
o
m

m
em

b
er

d
u
es
,
m
ee
ti
n
g
s
an
d
ed
u
ca
-

ti
o
n
al

ac
ti
v
it
ie
s.

T
o
im

p
ro
v
e
h
ea
lt
h
w
o
rl
d
w
id
e

b
y
ad
v
an
ci
n
g
re
se
ar
ch
,
cl
in
-

ic
al
ca
re

an
d
p
u
b
li
c
h
ea
lt
h
in

re
sp
ir
at
o
ry

d
is
ea
se
s,
cr
it
ic
al

il
ln
es
s
an
d
sl
ee
p
d
is
o
rd
er
s.

P
u
b
li
ca
ti
o
n
s:
A
m
er
ic
an

Jo
ur
na

l
of

R
es
pi
ra
to
ry

an
d
C
ri
ti
ca
l

C
ar
e
M
ed
ic
in
e.

S
p
o
n
so
rs
th
e
an
n
u
al

A
T
S
In
te
r-

n
at
io
n
al

C
o
n
fe
re
n
ce
.

O
ff
er
s
o
n
-l
in
e
ed
u
ca
ti
o
n
al

re
so
u
rc
es
,
in
cl
u
d
in
g
v
id
eo
s

an
d
p
o
d
ca
st
s.

A
m
er
ic
an

C
o
ll
eg
e
o
f

C
h
es
t
P
h
y
si
ci
an
s

(A
C
C
P
)

w
w
w
.c
h
es
tn
et
.o
rg

P
ri
v
at
e,
n
o
t-
fo
r-
p
ro
fi
t
p
ro
fe
s-

si
o
n
al

o
rg
an
iz
at
io
n
.

F
o
u
n
d
ed

in
1
9
3
5
.

F
u
n
d
in
g
co
m
es

fr
o
m

m
em

b
er

d
u
es
,
m
ee
ti
n
g
s
an
d
ed
u
ca
-

ti
o
n
al

ac
ti
v
it
ie
s.

T
o
p
ro
m
o
te

th
e
p
re
v
en
ti
o
n
,

d
ia
g
n
o
si
s,
an
d
tr
ea
tm

en
t
o
f

ch
es
t
d
is
ea
se
s
th
ro
u
g
h
ed
u
-

ca
ti
o
n
,
co
m
m
u
n
ic
at
io
n
an
d

re
se
ar
ch
.

P
u
b
li
ca
ti
o
n
s:
C
he
st
.

S
p
o
n
so
rs
th
e
an
n
u
al

C
h
es
t

co
n
fe
re
n
ce
.

F
ro
m

th
e
w
eb
si
te
s
an
d
p
u
b
li
ca
ti
o
n
s
o
f
th
e
o
rg
an
iz
at
io
n
s

100 C. Dale and J.R. Curtis

http://www.thoracic.org/
http://www.chestnet.org/


process measures and used transparency as a tool by which to improve health care

quality. The Institute for Health Care Improvement has supplied the health care

industry with tools and resources that can help individuals and organizations lead

change. This list does not even include state and local organizations or professional

organizations that have an interest in quality or run a quality improvement program.

The number of organizations who play some role in improving the quality of health

care is dizzying.

The 2001 Crossing the Quality Chasm report from the Institute of Medicine

described six aims of a safe, efficient, high-quality modern health care delivery

system. Care should be: Safe, Effective, Patient-centered, Timely, Efficient and

Equitable [32]. Don Berwick and the Institute for Health Care Improvement boiled

this down to their Triple Aim: Improve the health of the population, Enhance the

patient experience of care and Reduce (or at least control) the per capita cost of

care [33].

Nuts and Bolts of Implementing Quality Improvement Steps

The IHI has developed tools that can help the busy ICU practitioner implement a

quality improvement project. Table 7.1 highlights some resources that the inter-

ested practitioner can use to kindle his or her efforts. The Society of Critical Care

Medicine has also published a Task Force Report outlining the practical steps for

implementing a quality improvement project in the ICU [34].

The first step is to Discover a Common Purpose (Fig. 7.3). As a corollary of

Crew Resource Management (CRM), we are more effective together than as

individuals but only if we can work together as a team. What do the members of

the ICU team think are the important quality priorities to tackle?We don’t suffer for

a lack of opportunity, we suffer from competing priorities. Central line infections,

ventilator-associated pneumonia, and hand hygiene are all important infection

control issues. But which should we choose to address first?

In selecting a project for a quality improvement effort, we would do well to

recall the management saying that “you can’t manage what you can’t measure.” In

order to be readily amenable to a QI project an outcome must be measurable,

frequent, and have significant variation. Death from fatal, hospital-acquired pul-

monary embolism would not be a good outcome to measure for a QI project because

it is relatively uncommon, although it is readily measurable and certainly represents

variation from the intended result. Rather than measure that outcome, one could

choose a process measure like implementation of DVT prophylaxis that occurs

more frequently.

The IHI has developed a tool to help our scan of the environment to orient our

attention and facilitate the development of common purpose: the ICU “Trigger

Tool” [35]. It contains 23 events like transfusion, death and the initiation of dialysis

that are easily identifiable in the medical record and that serve as markers of cases in

which there was potential harm. Their intent is that the clinician or interested party

7 Quality Improvement in the Intensive Care Unit 101



could then review the charts in which there was potential harm and then look for

opportunities for quality improvement. The ICU trigger tool can also be used as a

process/outcome measure for more diffuse, less focused ICU interventions.

Once an interested clinician has an idea of the best topic and has articulated a

vision to help the team rally around a common purpose, the next step in the IHI’s

quality improvement framework is to Reframe Values and Beliefs. This begins the

search for levers to move the quality of the ICU.

How can resistant clinicians be co-opted as allies? Clinician reluctance to

participate in quality improvement activities often stems from a problem of com-

peting values. Most of us share similar goals: We want patients to do well and have

the best possible outcomes. For example, a clinician that is less adherent to full

barrier protection might value his productivity and the use of fewer resources more

than the extra time and resources that full barrier precautions take. Additionally

central line infections are relatively rare outcomes and it would be plausible that the

clinician had not had one of his lines infected to his knowledge. Engaging reluctant

clinicians often focuses on attempts to Reframe Values and Beliefs (Step 2). We

must make the patient care, business and mission-focused case for quality improve-

ment for the proposed project to be a success and sometimes reframe the presen-

tation of the intervention so that it can successfully compete with other priorities.

Fig. 7.3 Engaging clinicians in quality improvement
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Once we have defined our common purpose and achieved tentative buy-in from

the various system participants, we must examine the engagement plan, which

might be described as the “art of the possible.” The IHI describes this part of the

process as Segmenting the Engagement Plan (Step 3). We should first look for the

clinician champions, those people whose experience, temperaments, and perspec-

tives lead them to be natural allies of the quality improvement efforts. These people

can be used as levers or force-multipliers to spread the word about the quality

improvement effort and to move the organization along. One valuable roll that

influential clinicians can have is that they can engage the reluctant clinician and

work with them from peer perspective versus a management, top-down perspective.

The method used to deploy the quality improvement project requires deliberate

thought. We must consider the intervention, the way that it is rolled out and the way

that data about it are collected and reported [36].

Standardize what is standardizable, no more (Step 4). It would be a significant

undertaking to create a protocol that covers all the situations in which mechanical

ventilation would need to be begun in the ICU. It would be less work to come up

with agreement about the “standard” or default mode and settings for initial

mechanical ventilation. The goal of choosing the intervention is not to come up

with the perfect protocol on the first go-around. Rather the purpose is to come up

with a starting point and try several different iterations until one that works the best

for all involved is found.

Generate light not heat with data (Step 5). Clinicians are quite good at finding

reasons why quality data don’t apply to them or mean something different. “My

patients are sicker.” Clinicians are trained data skeptics, which often serves us well

in our patient care activities. We are appropriately reluctant to accept data that

seems to contradict what we think we know from other sources, a heuristic

sometimes called the anchoring-bias [37]. Additionally, the message that accom-

panies data presentation is of paramount importance. Data that show non-ideal

performance on a metric could be interpreted as “you are a bad clinician” if not

presented correctly. It is more effective to present system data as system data and

individual data as individual data. Risk adjusted mortality has many non-clinician

contributing factors, while individual hand hygiene adherence rates are clinician-

specific. It is also helpful to compare clinicians to the ideal standard or goal and not

to each other or an external benchmark.

Make the right thing easy to try and to do (Step 6). A new order set reconciliation

process that takes 200 % more time will fight against the competing value of

efficiency and the opportunity cost of the additional minutes that it will take. If

that same activity is easier it becomes, in the phrasing of health economics, the

dominant solution that is both cheaper (in terms of time) and better (in terms of

outcome). It is not logical that we will always get to the better solution on the first

try and clinicians are a naturally risk-adverse group. It is helpful to enter the process

with the mindset of trying a number of small steps or ideas. This will soften some

resistance to trying new things and may make clinicians less wedded to their own

idea. The goal is to create a system that continually strives to improve itself.
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The final step in the IHI plan is a strategy to be employed throughout the quality

improvement process: Show Courage. The proposed quality improvement project

has to fit within the organization’s strategic plan. For larger, more resource intense

projects that means having support and back-up all the way to the organization’s

board of directors. In smaller projects that operationally means that the leaders of

the involved segment of the organization have buy-in and value the underlying

philosophy or belief of the quality improvement project. The final step in the IHI

process is to Adopt an Engaging Style. This could be rephrased as “look for levers.”

Impacted parties, including the real opinion leaders in the group, should be involved

from the beginning. Communication should be frequent, open, and honest. These

seven steps from the IHI detail a conceptual framework from which to approach a

quality improvement project, but they don’t describe the nuts and bolts of how to

get the project done.

If we return to Industrial Quality Management in the 1920s, we find the single

most helpful and powerful quality improvement tool, the Plan-Do-Study-Act

(PDSA) cycle (Fig. 7.4). Developed by Walter Shewart in the 1920s, this tool can

focus and direct quality improvement efforts [7]. Indeed, the PDSA cycle is the

engine that powers Toyota’s process improvement method and the IHI’s seven step

tool.

Plan

The first element in the PDSA cycle is the plan. What is it that we are trying to

accomplish? How will we do it? The IHI model for engaging clinicians in quality

improvement focuses on this key step in the PDSA cycle. The right people in the

organization need to be ready to affect change. The change needs to be rolled out in

the right way. We need to be able to measure the process or outcome that we’re

changing as well as be able to measure any relevant amount of change. We also

need baseline data to suggest that we have a problem we think we can fix. All of

these elements are in the planning phase of the PDSA cycle.

Fig. 7.4 The Plan-Do-

Study-Act cycle
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Do

After we have our Plan in place, we need to Do it. There will be hiccups and

unintended and unanticipated consequences. This is an iterative process. The goal is

not to be perfect the first time. The goal is to keep working together as a team

towards the common objective. As we “Do” it, we must make sure that we are

measuring what we are trying to manage. Congratulate people for going through the

process. Reward small steps. Build momentum.

Study

How do the consequences of our project compare to our intended effects? The

results of the project should be summarized and the lessons learned shared.

Harkening back to the IHI model, we should strive to communicate candidly and

often. For this step, it can be helpful to have experienced database manager and

statistical analysts who are familiar with the presentation of quality improvement

data. We should compare our process and outcome data with our desired goal.

Act

How can we modify our plan to improve it? Are we measuring the right processes

and outcomes? Do we have the right stakeholders engaged? What can be done to

improve our intervention? We then go back to the drawing board and Plan on ways

to improve the intervention and the cycle begins again.

This PDSA activity obviously consumes a significant amount of staff time,

resources, and mental energy. This is a difficult thing. Our QI project should be

chosen based on clinical need and the availability and practicability of the various

quality improvement levers from which we can choose. Quality improvement is

truly the art of the possible. We should engage those around us and look for levers

to improve quality.

Where Do We Go from Here?

Damon Scales and his team have shown in Ontario and Peter Pronovost and his

team have shown in Michigan that large-scale and successful quality improvement

efforts are possible [11, 38]. We all have seen QI projects both flourish and flounder

in our ICUs. Despite the tragedies of Libby Zion and Betsy Lehman, medication

errors still happen today. Some have estimated that the number of deaths from
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medical harm has not decreased significantly since publication of the IOM To Err Is
Human report in 1999 [39]. Despite all the good efforts to improve the quality of

care delivered in our ICUs, they remain lifesaving and dangerous places. But this is

our starting point. We have a great opportunity to work together as a multidis-

ciplinary team to measure and improve the quality of our care processes and patient

outcomes.

Never doubt that a small group of thoughtful, committed citizens can change the world.

Indeed, it is the only thing that ever has. Margarget Mead
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Chapter 8

Facilitating Interactions Between Healthcare

Providers in the ICU

Andre Carlos Kajdacsy-Balla Amaral

Abstract Healthcare organizations are dynamic and complex systems that require

multiple subjects to achieve its goals. Therefore it is no surprise that communica-

tion is a fundamental process in these systems, and that failures in communication

are associated with worse outcomes. However, the term communication without a

formal definition is nothing more than an elusive concept. In this chapter we borrow

from an established mathematical framework of communication and use it as the

basis to identify sources of errors in communication, discuss the main moments of

communication in the ICU, and contextualize how communication tools, such as

interdisciplinary rounds, standardization, pre-printed orders (PPOs), algorithms and

language style, can help improve communication and increase the efficiency of

healthcare and patient safety.

Keywords Communication • Mathematical theory • Patient safety • Efficiency

• Interdisciplinary rounds • Protocols • Language

The Importance of Communication

Communication lies in the center of all socio-cultural interactions [1]. Human

actions are a product of social interactions and are preceded by some sort of

communication. Therefore, it follows that communication is a necessary compo-

nent of systems composed of more than one subject, to initiate and guide actions

towards achieving a goal.
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Healthcare organizations are dynamic and complex systems that require multiple

subjects to achieve its goals. Therefore it is no surprise that communication is

frequently described as a fundamental process in these systems. However, the term

communication without a formal definition is nothing more than an elusive concept.

To further improve our understanding on communication processes a clearly

defined model is necessary. The most frequently cited mathematical model of

communication is based on the seminal work of Shannon [2], which describes

communication as the flow of information between two points. However this

definition is insufficient to support models of communication in complex organi-

zations, as it doesn’t take into account two other fundamental aspects of commu-

nication: the social determinants of communication and the cognitive processes that

happen when a subject receives some sort of stimulus. In this chapter we will

borrow from an established mathematical framework of communication [3] that

will serve as the basis to identify sources of errors in communication, discuss the

main moments of communication in the ICU, and contextualize how communica-

tion tools can improve patient care.

A Theory of Communication

A broader definition states that communicative processes occur in complex dynam-

ical systems and are modulated by cognitive dynamics and social context.

For the sake of communication in healthcare, the complex dynamical systems

are the people involved in communicative processes. When a person is exposed to

an external stimulus, defined as any type of visual, auditory, olfactory, or auditory

signal, he or she will infer a certain meaning and create a certain degree of

information associated with the stimulus. Communication is thus the exchange of

information and meaning between at least one pair of subjects, which is modulated

by social aspects of this interaction and ultimately leads to an action agreed by the

two subjects [3].

Subjects involved in the process of communication have different cognitive

processes and generate different degrees of information and meanings after the

initial stimulus. Furthermore, the social aspects of the interaction—such as hierar-

chical position, professional background, age, gender—will influence the amount,

type and quality of information and meaning. For communication to occur properly,

it is necessary that the subjects achieve a shared meaning about the situation. This

definition will prove very useful in understanding sources of errors, in making

diagnostic considerations on why communication is failing and in identifying

solutions.
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Meaning of a Stimulus

Meaning is the generation of a specific mental image in relation to a specific

external stimulus, composed of a certain number of elements (Fig. 8.1). Subjects

generate several mental images in response to a certain stimulus and unconsciously

attribute probabilities to each of them, which are dependent on previous experi-

ences. For example, an intensivist who sees a patient in respiratory distress may

think “intubation,” “acute respiratory distress syndrome,” “sepsis.” The same

stimulus may lead to different meanings depending on the background of the person

receiving the information. A cardiologist seeing the same patient may immediately

think “pulmonary edema,” “noninvasive ventilation,” “myocardial infarction.” A

simpler example is to consider the word “food” in a language and present it to a

native speaker and to someone who has no knowledge of that language. Although

the stimulus is the same, the meanings will be completely different. The native

speaker will understand the immediate meaning and may generate other mediate

meanings such as “I’m hungry,” “what will I have for dinner,” etc. . ., while the

other person will generate meanings that may relate to how the word sounds in their

own language. In healthcare a large part of training is dedicated to teaching the

meaning of certain stimulus to facilitate shared understanding by all subjects; but

there are elements that may still generate different meanings, especially between

professions (e.g., physicians and nurses) and between disciplines (e.g., surgeons

and internists). One of the goals of improving communication is to find solutions

that facilitate sharing the meaning of terms by clinicians.

Information Contained in a Stimulus

The degree of information contained in a stimulus is proportional to its negative

probability [2]. This is to say that the more unexpected the stimulus, the more

Fig. 8.1 The formation of

meaning after an stimulus
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information it contains for that subject (Fig. 8.2). This is akin to hearing a joke,

where one creates a certain expectation (or meaning) based on the story (stimulus),

but is usually surprised by events that unfold. The difference in the final events and

the expectation created by the person is the degree of information contained in the

joke (the better the joke, the higher the degree of information, or surprises, it

contains). For a pair of subjects involved in communication the degree of informa-

tion received by each can vary by several degrees, depending on each subject’s

previous knowledge on the subject. For an experienced intensivist the stimulus

“septic shock” triggers an association with multiple organ failure. A trainee may not

have developed the same association to the word “septic shock” and may be

surprised by seeing the patient developing thrombocytopenia, acute renal failure,

and acidosis. Thus, the degree of information contained in septic shock with

multiple organ failure is higher for the trainee than for the experienced intensivist.

Of course, the higher the degree of information available (or the more “surprises”

are observed in the new information), the more meanings a person creates to

understand the situation, and the longer it will take for the two communicators to

achieve a shared understanding. Therefore, a case discussion between two experi-

enced intensivists is likely to take less time than a case discussion between an

intensivist and a trainee.

Sharing Meaning and Information

The cognitive processes of creating meaning and generating a certain degree of

information occur within a subject. Communication occurs when these meanings

and information are shared with another subject, who will then assimilate this new

stimulus to create new meanings and/or provide information on elements that were

as yet not discussed. The exchange of meanings and information will ultimately

Fig. 8.2 Degree of information contained in a stimulus
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lead to a proposition for actions, agreed between the two subjects (Figs. 8.3 and

8.4). If the process of communication always occurred in such a rational and elegant

way, it would be simple to have great communication, because it only depends on

the cognitive processes of each subject. Therefore perfect cognition should lead to

perfect communication. However, social and environmental aspects of the interac-

tion influence both cognitive and sharing processes.

Environmental Influences on Communicative Processes

The discussion above assumes that subjects are always working at an ideal state to

work on cognitive processes. However, environmental factors may influence cog-

nitive processes and decrease the number of different meanings generated after a

stimulus, as well as limit the comparison to other meanings (or analogies) based on

the previous experiences of the subject. In this sense, the cognitive functions of the

subject are the same, but they are decreased by a factor “X,” that is present in the

environment. We define these environmental factors as external conditions that

may decrease the ideal cognitive function of a subject, limiting the identification of

meanings, the association of the perceived meaning with previous experiences and

their ability to share concepts (Fig. 8.5).

Fig. 8.3 Framework for a communicative process
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Typical environmental factors that can influence communication processes are

(1) strenuous conditions (such as being awake at night or having an excessive

number of patients); (2) emotional distress; and (3) time constraints. For example, if

an intern spends the night awake on call, it is more likely that some information

may not be shared, such as pointing out that a patient became hypotensive over

night and required the initiation of vasopressors. Likewise, if the nurse caring for

this patient is having family problems, it is more likely that the meaning “septic

shock” will not be generated as a limitation of the current cognitive processes.

Fig. 8.4 Example of a framework for a communicative process

Fig. 8.5 An environmental factor (disruption of rounds) blocking the sharing process from A to B
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Thus, if this patient has septic shock, it is possible that antibiotics will be delayed

until rounds occur. If a decision needs to be made within a certain time frame, such

as when making decisions during acute resuscitation or a medical crisis, the amount

of time to generate several different meanings, compare them to previous experi-

ences, share between the members of the groups, and decide on the best way to act

is limited, therefore the communicative process will be fairly limited and designed

to optimize actions that are relevant to the most common meanings.

Social Influences on Communicative Processes

We will briefly explore a theory of social differentiation [4], which will lead to the

concepts of social dimensions. We will use these dimensions to add social influ-

ences as another parameter in our framework of communicative processes. All

societies evolve through three stages: (1) segmentation, characteristic of early tribe
societies, where the differentiation between subjects is determined by social seg-

ments, mainly defined by kinship relations, such as the formation of clans; (2) strat-
ification, where a new structure evolved to include the distinction between “higher”

and “lower” persons, characteristic of the middle-ages, with the well-known devel-

opment of social inequalities. In stratified societies segmentation (“clans”) is still

relevant within each stratum; (3) functionalism, where members are differentiated

by their societal function (e.g., scientists, politicians, economists, teachers. . .), each
of them being functionally autonomous. Society members are usually active in a

single functional segment, although they participate in the other segments as well.

For example, a politician benefits from the educational segment when his or her

children attend school. Within each segment, the goal is to maximize growth, be it

economic, scientific, educational, etc. . .. Again, within a functional structure the

preceding rules of social differentiation are still valid. For example, there may be

different ranks of professors in a university and within each rank there may be

“clans” organized by affinity.

As the three stages of differentiation co-exist, we can think of each of them in

terms of social dimensions [3]. The first social dimension is how “alike” two

individuals are, and this is of course a very fluid concept, and may include concepts

such as citizenship, where someone lives, stage in life and background. We define

the affinity distance between subjects as how similar they see the other subject to

themselves. Greater affinity distances impair communication. A second social

dimension is rank. Individuals assign each other ranks in specific social situations

and may see themselves as “higher,” “lower,” or in the “same” rank as the other

subject. For example, a soldier will recognize the higher rank of a lieutenant while

in the army, but may (or may not!) assign the same rank when they meet in a

non-military party. Greater rank distances impair communication. A third social

dimension is the amount of knowledge on a specific function that a subject has.

More knowledgeable subjects will assume a more active role in communications,

while less knowledgeable subjects will assume a more passive role. Greater
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knowledge distances impair communication. Mathematically, the previous three

terms can be combined to generate a summary social distance. Greater social

distances impair communication. For example, the communication between an

elderly professor of critical care medicine and a young intern rotating through

critical care who has no interest in critical care has an elevated social distance, as

there are great distances in affinity, rank, and knowledge. It is likely that the intern

will simply do as told, not engaging in discussions regarding diagnosis or plans of

care by the professor (Fig. 8.6). This situation may change if the subjects recognize

the social distances and try to overcome these barriers to communication. It is easy

to think about numerous examples that are influenced by social distances in critical

care (conflicts among different specialties, related to knowledge distance; inatten-
tion to important clinical information given by a junior resident by staff, related to

rank distance; and poor handoffs between residents, related to affinity distance).

The Effects of Memory on Communication

Although not a formal part of the theory of communication, the amount of memory

processing capacity of human beings has an important influence on communication.

In the special case of complex communications, where a large amount of new

information is available (e.g., case discussions) or a large number of possible

meanings exist (e.g., complex case with a large list of differential diagnosis), a

subject’s memory span may limit the processing of stimuli and meanings. Human

Fig. 8.6 Communicative process when social distance is high
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memory span has a limit of dealing with 7 (�2) items in a single dimension at a time

[5], which may block handling new information and creating a large number of

meanings at the same time when this value is exceeded. There are two important

elements to deal with this limitation in healthcare, the first is to increase the number

of cognitive units, or subjects, dealing with the same problem, which may expand

the processing capacity of the group, such as during interdisciplinary rounds. The

second element is related to expertise. Since the degree of information contained in a

stimulus is the difference between the observed and the expected concepts, people

who have a larger number of pre-established concepts will generate a smaller degree

of information when faced with a new stimulus, therefore requiring the memoriza-

tion of a smaller number of elements to generate meanings and decide on actions.

This is the role of experienced clinicians during case discussions and rounds.

Moments of Communication in Healthcare

Healthcare is a teamwork profession because we cannot achieve adequate results by

the work of a single individual [6]. Teamwork is essentially communication and

co-ordination of information and actions between subjects working towards a

common goal, therefore communication underpins the results of teamwork and

directly influences the quality of care. In healthcare there are different moments of

communication, such as rounds and case discussions, orders or transitions of care;

and different types of communication, such as verbal or written, on or off-site and

synchronous or asynchronous.

Each form of communication has its pros and cons and may be better suited to

specific tasks. Verbal communication is richer than written, can generate a very

complex discussion, allows the subjects to clarify meanings and concepts, but also

requires synchronicity (subjects must be available at the same time), may take a

longer time than written communication, and also requires the limitation of envi-

ronmental factors to a minimum. Written communication makes clarification more

difficult, is prone to misunderstandings, but can help overcome memory limitations,

may be asynchronous, which permits people to work on their own time, and may

use aids such as note templates and pre-printed orders (PPOs), which enhance

efficiency. On- or off-site communication refers to communication done with the

presence of the subjects in the same space or in different spaces via phone, Internet,

text messaging, amongst others. Off-site is more inclusive, as it does not depend on

sharing the same physical space, but the loss of visual contact may impede the

communication of nonverbal signs that make an important part of face-to-face

communication. Synchronicity refers to sharing information at the same time.

Some communications, especially those that are not time sensitive, may not require

the subjects to share information at the same time. One subject may write an email

that the other will only read and reply later on.

We will review each moment of communication focusing on participants, types

of communication, social distances, and environmental factors.
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Multidisciplinary Rounds and Case Discussions

Multidisciplinary rounds are one of the most important moments for communica-

tion, as they are the main moment to discuss diagnoses, uncertainties and make

decisions on a plan of care for each patient, while taking into consideration the

perceptions of every member of the team. Rounds are composed of several different

members of the healthcare team, such as physicians, nurses, respiratory therapists,

dietitians, pharmacists, physical therapists, occupational therapists, families, social

workers, chaplaincy, and others, in variable formats and in variable ranks within

each group (for example, attending physician, fellow and resident). The opportunity

to gather such a heterogeneous group means that several distinct cognitive pro-

cesses are available, which enlarges the cognitive pool, enriching the discussion

and the generation of different and relevant meanings for a given patient. Commu-

nication is usually conducted verbally, synchronous and on-site, with the possibility

of using written tools as well, such as daily goals [7]. The introduction of multidis-

ciplinary rounds is associated with better outcomes for patients [8] and is certainly

an important tool to improve communication. However it is a tool that is difficult to

generalize, as social distances are usually high and an adequate flow of communi-

cation may depend on the abilities of the person leading discussions to decrease

potential barriers. Rounds are also affected by environmental factors as it needs to

be finished within a certain time, participants may get tired and disruptions are

common due to the acute demands of other patients.

Case discussions are communications about specific patients outside the formal,

scheduled rounds. They may involve updates on a patient during or after rounds, the

admission of a new patient to the service or discussions with consulting services.

Updates on a patient and new admissions share many similarities with rounds,

except for the presence of a smaller group and the possibility of off-site commu-

nication (for example, when a nurse calls the resident to give an update on the

patient). Although one may think that case discussions with consultants would also

be similar, there is one important difference. Communications between two medical

teams have the threat of conflict due to a large symmetric knowledge distance. Each

team possesses greater knowledge in their field and may fail to recognize the other

team’s expertise in their specific field. This situation may create large social

distances, making communication very difficult. Smaller distances in the other

areas, such as affinity and function, can attenuate this effect.

Case discussions are also highly influenced by environmental factors. For

example, take the situation where a resident is discussing a new admission with

the staff. If the patient is stable, there is time to consider several differential

diagnoses and design a plan of care that may involve treatment for the most likely

diagnosis, as well as investigations and consultations to clarify uncertain elements.

If the same patient is hypotensive and in respiratory failure, many important actions

need to carried out immediately, thus limiting the amount of discussion.
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Transitions of Care

Different teams see patients over the course of their hospital stay. As patient care

responsibility is transitioned to different services in the hospital (“between teams

handoff”) and to different professionals during successive work shifts (“within team

handoff”), the communication of information pertinent to patient care is fundamen-

tal for continuity of care. This process is known as “handoff” and closely related

names, such as “sign-out,” “sign-over,” or “handover” [9]. The primary focus of a

handoff is to provide information about patients that will allow for increased

effectiveness and safety of actions from the receiving party [10]. The medical

literature is abundant with examples on the linkage between handoffs and quality

of care. There is indirect and direct empiric evidence linking handoff to several

unwanted outcomes, such as adverse events, surgical errors, malpractice claims,

increased costs, and decreased efficiency [11–17]. Several observations, demon-

strating that handoffs are poorly conducted, provide the rationale for these out-

comes. For example, trainees reported “surprises” after a handoff in 14 % of

426 days [18]. In the pediatric setting, trainees identified that they lacked clinical

information to manage 80 % of events that occurred at night, and observed that

75 % of these could have been anticipated and discussed during handoffs [19].

There is a large variation in the practice of handoffs [20]. They may occur

verbally, in written format or using a combination of both. They are mostly

synchronous, but may occur asynchronously, when a resident leaves a written

sign-out for another one. They may occur on- or off-site. As with the previous

example of rounds, handoffs are especially prone to social and environmental

factors. For example, there is a large variation in the time dedicated to handoffs,

ranging from 5 min to 1 h [21, 22]. Time is an important factor in the quality of

handoffs and explains why trainees identified over-the-phone handoffs (which are

time-constrained) to be less appropriate than face-to-face communication [11],

even though phone handoffs still present with the opportunity for clarification.

The location where handoffs are conducted also changes the dynamics of the

communication: moving away from the bedside decreases the number of interrup-

tions and background noise [23], whereas proximity to the bedside allows for

(1) visual observation of the patient, which provides cues for subjects to engage

in the conversation [24], and (2) direct access to information resources, such as

medical records and other team members who will frequently join the discussion to

complement the information [25, 26].

Orders

Orders are a special type of communication. They are the last step of converting

communication into action. Orders are usually documented in a written format,

although some may exist temporarily in verbal form only, if there are time
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constraints that limit documentation. Orders are synchronous or asynchronous,

depending on the urgency, and can be taken on or off-site (such as telephone

orders). The ideal order should be written, synchronous and on-site, as the other

forms of communication are more prone to lack of clarity. Although this is one of

the simpler types of communication, it is nonetheless still subject to social and

environmental interactions. Social distances may inhibit the person who has to

implement an order to ask for clarification on the order or to challenge the order if it

is felt to be incorrect. Environmental factors may impede the enactor of an order

from hearing all the elements, due to disruptions or time constraints. Furthermore,

the person formulating the plan of action may be fatigued and unable to include all

the necessary elements.

Tools and Strategies to Improve Communication in the ICU

Rounds

As we have previously discussed, multidisciplinary rounds are an effective way to

gather different perspectives in the same time and space to discuss a patient. This

initiative is in itself a tool to improve communication, and mortality in units that

have multidisciplinary rounds are 22 % lower [8]. These results were robust in

subgroup analyses of sicker patients, ventilated patients and patients with sepsis,

and was independent of the effect of intensivist staffing.

Communication Tools

Several types of communication tools exist, mainly focused on transitions of care.

They may vary from very simple, such as taking notes during the conversation, to

more complex, such as fully electronic handoff systems. Using some form of

written aid seems to be the most important step. In a simulation study of informa-

tion discontinuity, where residents were asked to transfer information up to five

times (akin to the playing “broken telephone”), the isolated use of verbal commu-

nication led to a loss of 70 % of information in the first communication, up to almost

100 % by the fifth communication. In contrast, the use of a pre-printed format or

simply allowing note taking led to loss of less than 10 % of information in the first

communication to a maximum of 20 % after the fifth communication [27].
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Standardization and templates

Quality improvement organizations encourage the use of certain communication

tools [28], such as SBAR [29] (situation, background, assessment, recommenda-

tions) and others. However very little empirical evidence supports improvement in

the quality of communication with these tools [30], which is not unexpected, as they

do not cover the relevant social and environmental factors modulating communi-

cation. Furthermore, experienced clinicians do not use such a fixed format of

communication [31], which suggests that these formats do not follow a natural

linguistic process. Also, subjectively, residents perceive that close adherence to

pre-designed data forms was conducive to more errors [18].

Electronic Systems

The use of electronic generated handoff systems reduces the length of handoffs [32]

and provides a more accurate and consistent content [33]. Despite generating

legitimate fears of introducing new problems (such as the persistence of incorrect

information), the introduction of a computerized system was associated with a

decrease in adverse events in at least one report [34]. However, problems may

still exist with the use of electronic systems, such as the persistence of incorrect or

outdated information in the record [35].

Protocols

We define protocols as a set of instructions on how to provide care specific to a

clinical condition. This can involve the use of PPOs and can be combined with

flow-diagrams when the process involves multiple steps that depend on the indi-

vidual response of patients. Protocols have four specific attributes that facilitate

communication and adoption of evidence-based interventions: (1) Protocols sum-

marize actions: protocols provide a practical summary of the evidence-based

intervention. Clinicians are then exposed to this summary, which makes meanings

and actions relevant to a certain diagnosis immediately discuss these items. (2) Pro-

tocols act as memory aids: when protocols take the form of PPOs, they also behave

as checklists, providing a memory aid [36]. This may be a particularly useful aspect

of protocols when dealing with complex interventions, where actions may be only

partially completed due to failure in recollection. Thus, protocols help deal with the

limitation of our cognitive processes in memorizing items. The protocol actually

frees cognitive processing functions to other purposes. (3) Protocols rely on the use

of the same terms, repeatedly. The repetition of terms help subjects get used to a

common meaning for them, which simplifies communication and avoids dubious

alternate meanings. (4) Standardization of processes and terms decrease social

distances, allowing better communication. For example, if a higher ranked person
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asks for an action that is not in the protocol, it is easier for the other subject to

question that decision as it is a deviation from the protocol. The higher ranked

person is now in a position where he or she needs to provide a good argument on

why the deviation from the protocol is the correct action.

These potential benefits of protocols on communicative processes, however,

hinge on how the protocols are designed. A poorly designed protocol could make

adopting the intervention seem to be more complicated and time consuming than it

actually is. Also, a poorly designed protocol can fail to serve as an effective

memory aid. In fact, a pre-printed order with a poorly designed checklist has led

to an adverse event [37]. Moreover, a review of medication errors reported to the

United States Pharmacopeia (USP) from 1998 to 2003 found 4,437 case reports that

identified PPOs as a cause of error [38].

Language, Style, and Form

Several aspects of how the message is shared between subjects impact on the

accuracy of information. We will review a limited set of these aspects where

there is evidence to support recommendations for communication.

The airline industry is rich in examples of the importance of style of communi-

cation. The most relevant to healthcare is the study of “politeness theory” [39]

which shows that polite orders or suggestions and topic changes were rejected more

often than direct ones by pilots, and many have led to accidents. These rejections

indicate that the recipient did not take the meaning and information contained in the

shared messages into account. It is likely that polite messages also suggest a rank
distance between subjects, which allows the recipient to ignore messages. There are

similar examples in healthcare, especially in time sensitive situations, such as acute

resuscitation and operation room emergencies. Teams that used more polite sug-

gestions, as opposed to assertive communication, were more likely to perform

poorly in simulated trauma bay scenarios [40].

One of the ways of coping with time constraints is to communicate several items

simultaneously. As we observed before, there is a certain limitation to our memory

span and this technique may lead to more errors. In aviation, when controllers use

long command strings containing several separate actions pilots make more mis-

takes because of the message length [41].

Another technique of language to improve communication is the standardization

of read-back orders, so frequently done in aviation. Read-back orders help close the

final loop, where the final information, meaning and/or actions shared from subject

A to subject B are then repeated back to A, who confirms the correctness of the

message. As we have demonstrated above in the theory of communication, this

simple strategy can be very helpful in avoiding errors in the final stage of commu-

nication, when the decisions and actions are ready and need to be implemented.
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As we discussed above, it is possible that subjects may not question or ask for

clarification on orders or diagnosis in situations where a great rank distance exists

[42]. One of the solutions for this is to “increase the ranks” of everyone. The person

who has a perceived higher rank (for example, the staff physician leading rounds)

can ask everyone in the team if the plan seems satisfactory and if there are any other

problems that we need to deal with. This active empowerment of the other members

of the team can theoretically improve communications and avoid errors.

Conclusion

We presented a theory of communication and defined communicative processes as

the sharing of meaning and information between at least two subjects, which is

modulated by social and environmental factors. We delineated several aspects of

this theory that are related to failures in communication, especially in the social and

environmental modulation of communication, and discussed how certain strategies

can improve or hinder communication, such as multidisciplinary rounds, protocols,

handoff tools, and language.
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Chapter 9

Teamwork and Leadership in the Critical

Care Unit

Tom W. Reader and Brian H. Cuthbertson

Abstract Effective multidisciplinary teamwork and team leadership have been

shown as essential for the safe management of patients in intensive care medicine

(ICM). Solutions to improve teamwork and leadership have been developed, but

with mixed success. It is observed that to improve teamwork in ICM, interventions

must reflect (1) the demands and constraints of ICM, and how they influence team

behaviour and (2) the specific teamwork skills and behaviours that are associated

with safe patient care. Research in ICM shows that effective team leadership is the

key determinant of team functioning, and that interventions should focus on

enhancing leadership. Yet, simply applying leadership solutions developed in

other domains (e.g. aviation) is not appropriate. Specifically, the flow and nature

of work, and the changeable and complex construction of teams, means that tools

for improving and assessing leadership need to be designed to reflect the very

specific constraints of ICM.

Keywords Teamwork • Leadership • Training • Error • Communication

Introduction

Applied psychology research investigates the relationship between teamwork and

organisational outcomes [1]. This work shows that group norms and behaviours

have a profound effect upon the success of teams in numerous complex work

T.W. Reader (*)

Department of Social Psychology, London School of Economics, Houghton Street, London

WC2A 2AE, UK

e-mail: t.w.reader@lse.ac.uk

B.H. Cuthbertson

Department of Critical Care Medicine, Sunnybrook Health Sciences Centre, 2075 Bayview

Avenue, Toronto, ON, Canada M4N 3M5

e-mail: brian.cuthbertson@sunnybrook.ca

D.C. Scales and G.D. Rubenfeld (eds.), The Organization of Critical Care,
Respiratory Medicine 18, DOI 10.1007/978-1-4939-0811-0_9,

© Springer Science+Business Media New York 2014

127

mailto:t.w.reader@lse.ac.uk
mailto:brian.cuthbertson@sunnybrook.ca


settings, including aviation, energy, oil and gas, management, and the military [2–

4]. Broadly, teamwork refers to the way in which team members work together to

produce “synchronised” output [5]. In a practical sense, this describes the commu-

nication, coordination, decision-making, and leadership processes that occur as a

team attempts to complete a shared task. Group processes are influenced by the

nature of a task (e.g. an emergency), the norms of a group (e.g. for managing error),

and institutional constraints (e.g. rewards, penalties, culture). Over the past

10 years, the importance of teamwork for ensuring high-quality patient care in

healthcare environments has been repeatedly demonstrated [6]. Specifically, med-

ical error research has shown adverse events to frequently emerge from problems in

how groups of multidisciplinary healthcare workers function together [7]. Further-

more, effective teamwork is shown as important not only for avoiding medical error

but also for managing situations that are risky, stressful, and susceptible to error

[8]. This is particularly true in the domain of critical care medicine, within which

multidisciplinary teams of nurses and doctors provide care to critically ill patients.

Teamwork and leadership are both considered “non-technical skills”. These

relate to the social and cognitive skills (e.g. communication, decision-making,

situation awareness) that underpin behaviour in work environments. Problems in

non-technical skills have been associated with approximately half of critical inci-

dents in critical care [9]. Frequently, problems in teamwork, situation awareness,

and decision-making underlie threats to patient safety. The ability to manage risk,

complex technologies, changeable workloads, and uncertainty is essential [10], and

fatigue and stress are key performance-shaping factors [11]. Of the various

non-technical skills important for safe patient care in the ICU, teamwork and

leadership are frequently highlighted as the most significant. This is because the

association between teamwork and positive patient outcomes in ICU has been

demonstrated repeatedly [12–14]. Although a multitude of examples exist, com-

monly cited factors leading to errors include problems in team structures, leadership

verbal or written communication during routine care and handovers, and commu-

nication during crisis situations [15]. Conversely, good teamwork is also associated

with good patient outcomes. For example, the degree to which nurses and doctors

collaborate is associated with reduced patient mortality rates and lower average

patient lengths of stay [16, 17].

The recognition that effective teamwork can underlie good patient care has led to

a drive to introduce solutions for improving teamwork within multidisciplinary ICU

settings. Solutions focus on developing tools or organisational culture to enhance

team functioning [18, 19], and also improving attitudes towards teamwork

[20]. Efforts to improve teamwork in healthcare often utilise team training solutions

designed in the aviation industry to improve pilot communication and leadership

skills. Whilst these solutions may be relevant for ICU, it is necessary that interven-

tions to improve teamwork reflect (1) the demands and constraints of intensive care

medicine (ICM) and how they influence team behaviour, and (2) the teamwork

skills and behaviours that are associated with safe patient care. In particular, the

team leadership skills of senior doctors (ICU specialists) are recognised as critical

for engendering effective teamwork multidisciplinary teamwork in the ICU.
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Team Leadership

Intensive care research increasingly points towards the importance of the leadership

of ICU specialists for shaping how team members coordinate and combine to

provide patient care [21]. Team leadership refers to how a team leader ensures

the needs and goals of a team are met [22]. In the psychological literature, a team

leader can be described as the team member responsible (formally or informally)

for guiding a team to complete a task or work cycle [22]. In ICU, teams are

normally led by ICU specialists; however, a number of other team members will

have leadership roles [23, 24]. For example, senior trainee physicians lead teams at

night or during emergency events (e.g. resuscitations), and senior nurses lead

groups of nursing staff (and also, informally, junior trainee physicians). Nonethe-

less, ICU specialists largely retain executive authority for patients and are ulti-

mately responsible for patient care. Their expertise is used to train junior

physicians, to develop patient treatment strategies, and to structure and direct the

ICU team. Their leadership abilities are crucial for ensuring that multidisciplinary

teams provide effective patient care [17, 25–27].

ICU research shows specialist’ team leadership can influence team functioning

and patient outcomes through a range of mechanisms. Within both simulated and

real-life studies, team performance is shaped by leadership behaviours such as

encouraging junior team member inputs, stating and evaluating plans, gathering

feedback on plans, effective task delegation, and clear prioritisation of patient care

tasks [28–30]. The ability of specialists to communicate with the ICU team, to

manage limited resources, to create and demonstrate standards, and to provide

support for team development is found to be associated with outcome measures

such as task completion within NICUs [31]. Leader inclusiveness (e.g. listening and

encouraging junior team members to state and discuss their ideas) is found to result

in team members becoming more involved in activities such as quality improve-

ment initiatives [32].

The above studies indicate how the team leadership behaviours of specialists can

have a profound influence upon the team communication behaviours of junior

physicians and nursing staff. Team communication refers to team members trans-

ferring information, ideas, and opinions [33]. A range of behaviours are seen as

constituting “good communication” in the ICU [27]. For example, the accurate

transfer of information during events such as handovers and admitting new patients,

sharing patient treatment plans, and junior team members engaging in speaking up

behaviours if they identify an error or have a knowledge gap. More specific

behaviours, such as directed communication during crisis events, directed verbal

and non-verbal communication, and closed loop communication (where team

members acknowledge communications) are also important. Critically, the quality

of communication within an ICU team is shaped by norms and expectations

established by the leadership. Poor communication is often caused by beliefs that

junior staff that they will be penalised for erroneously reporting problems in patient
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care (or errors that they have observed), or a lack of shared understanding for

standards of communication [34]. Teams can develop quite divergent understand-

ings of how they should communicate together. Specialists can believe communi-

cation in a team is open, but junior team members do not perceive this [35].

Research investigating team situation awareness in the ICU has demonstrated

how leadership and communication can shape the cognitions of team members

during tasks such as the ICU rounds [36]. Situation awareness (SA) refers to an

individual’s perception of the information within their task environment, compre-

hension of what the information means, and anticipation of how a situation will

evolve over time [37]. Team situation awareness refers to how teams form a shared

and accurate understanding of their work environment. Within the ICU, the devel-

opment of shared and accurate SA between team members (e.g. for daily goals) is

important for patient safety [38, 39].

Indeed, events such as daily rounds should be orientated towards developing

shared SA [40]. Forming a shared awareness of aspects of a patient’s condition and

future trajectory influences team activities such as patient monitoring, task

prioritisation, and in the anticipation of adverse events. Critical to this is (1) giving

opportunities for junior team members to contribute information to patient plan-

ning, (2) working with team members to understand patient treatment goals and

interpret information, and (3) allowing ICU specialists to identify and remedy gaps

in the knowledge and understanding of team members. Crucially, the involvement

of junior team members in decision making during the morning round is shaped by

their beliefs of how senior team members expect junior team members to behave.

For example, nursing staff can feel there is a lack of opportunity/need to contribute

to decision-making, and trainee physicians that asking an inappropriate question or

not understanding an aspect of a patient’s condition will compromise senior doctor

beliefs about their competence. Such beliefs make it less likely that teams will form

shared and accurate SA during the round, and specialist leadership (e.g. asking

junior staff to present patients, to lead decision making) is critical for shaping junior

team member attitudes and behaviours.

Challenges in the Leadership of ICU Teams

In understanding the relationship between team leadership and teamwork in the

ICU, it is necessary to consider how the ICU environment itself shapes behaviour

and constraints activity. Human factors research shows that each working environ-

ment has its own unique non-technical challenges and requirements [41]. To ensure

interventions for improving teamwork are effective, it is important to diagnose and

specify the teamwork and leadership skills important for a given situation.

Although the principle skills underlying effective teamwork may be generic

(e.g. communication and leadership), how they manifest themselves in different
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situations is critical for safety. Thus, the behaviours that demonstrate proficiency

for teamwork in a particular setting will be reflective of the demands within that

domain [33]. Reader and Cuthbertson [42] have detailed how the challenges to

improving teamwork in the ICU (e.g. in understanding factors that affect teamwork,

and in developing and implementing training) differ from those in the aviation,

where pilots regularly experience team training (this is increasingly the case for

surgical teams). Prior to develop solutions for improving leadership or teamwork in

the ICU, these challenges must be considered.

First, the types of risks and problems faced by ICU teams differ to those in

domains such as aviation and surgery. Within these settings, there are similarities in

procedures (e.g. pre-operative checks, post-operative checks, induction, com-

mencement of surgery, extubation, and awakening), and teams generally focus on

a clear objective end-point (e.g. landing, successful completion of an operation)

within a fixed geographic area (i.e. the cockpit or operating room). Improving

teamwork often focuses on managing emergency events where the stable function-

ing a system (whether a technological system or a patient) is threatened. In ICU,

teams must form treatment plans for patients who are sometimes incompletely

understood, unstable, and have multiple problems. Team members are often not

apprised of patient histories, and patient populations have diverse risk factors,

pathologies, and demographic characteristics. ICU teams frequently encounter

emergencies situations, and must tolerate quite high levels of risk (e.g. using

treatments where the outcomes are uncertain). They must also develop an under-

standing of complex interactions between medical treatments and patient physiol-

ogy that changes with time. Thus, leadership occurs in a very uncertain

environment, where risks are constantly changing and difficult to appraise.

Second, the flow of work in intensive care medicine also complex, and this poses

significant challenges to teamwork and leadership. Within a single ICU, teams will

perform a diverse range of hands-on, problem-solving, and monitoring tasks

[43]. The number of patients being treated, and length of patient care, fluctuates

and depends on patient factors (e.g. stage of treatment, severity of illness) and also

system factors. The team skills and behaviours important for managing patients and

situations vary, and strategies used by teams will differ according to a range of

constraining factors (e.g. available team members, resources, external support

within a hospital). Furthermore, there is no “safe landing” for a patient. Their

care does not cease on discharge from ICU, and patients may return or require

further monitoring and follow-up. Also in comparison with domains such as

aviation, errors and failures in safety are more difficult to detect (e.g. due to less

sophisticated monitoring systems), and errors are only likely to influence a single

patient, their family, and their healthcare providers [6]. The leader must try to lead

through a variety of situations, each with their own demands and needs (e.g. long-

term planning vs. emergency management).

Third, to understand the team performance requirements in intensive care

medicine, it is also important to examine the composition and structure of ICU

teams. Critical care teams often consist of large number of medical and nursing

team members who must cooperate together to provide safe patient care. Care can
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occur over a period of weeks, with care being provided by different teams, and teams

communicate through handovers of care that tend to be non-standardised [44].

ICUs can also have several specialists leading the unit, and a key challenge for

ICU teams in combining the expertise of varying ICU specialists with the skills of

junior trainees. Trainees often perform much of the “hands-on” clinical work so

teams must develop high levels of coordination and supervision to ensure that

trainees skills can develop whilst patient safety is maintained. Advance trainees

must often manage the ICU and make decisions on their own, and their relationship

with nursing staff is critical and sometimes challenging. Whilst senior intensivists

are available to provide support, the level of this supervision and support can vary

appropriately depending on the leadership style of ICU specialists as well as the

seniority of the trainee. For example, senior leadership support for trainees can

differ due to variations in how specialists conceptualise effective teamwork

(e.g. beliefs on how team members should work together, attitudes towards super-

vision and support), and beliefs on how and when standards and procedures should

be applied (e.g. allowing risk-taking activities, variation between consultants in

beliefs on treatment strategies) [45]. Furthermore, ICU specialists can differ in their

attitudes towards concepts such as human factors, with some being reluctant to

acknowledge the detrimental impact of factors such as stress and fatigue upon

safety and performance [46].

Thus, team leadership in the ICU is a shared phenomenon that occurs between

and across specialists. This is particularly important when considering the leader-

ship and direction of care during an individual patient’s treatment, with potential

multiple leaders influencing the process, direction and activities of the team.

Effective Team Leadership in the ICU

Our own research has detailed the skills and behaviours that constitute effective

team leadership in the ICU [45]. This is underpinned by both psychological

frameworks for interpreting leadership within complex work settings, and also

the complexities that must be managed by specialists in intensive care. Typically,

ICU specialists describe effective team leadership as a highly adaptive process,

whereby leadership activities (e.g. styles, behaviours) are shaped according to the

task (e.g. rounds vs. emergencies) and the team (e.g. inexperienced

vs. experienced). The ability of specialists to adjust their behaviour to these

dimensions is seen as key for ensuring teams can function to the best of their

ability, and also for aiding the training of trainees. Furthermore, and perhaps more

challenging, developing a sense of continuity in leadership is also important.

In terms of adaptive leadership, specialists generally distinguish between three

activities (rounds, treatment, emergencies). During rounds, good leadership refers

to guiding the ICU team to develop an understanding of the patient’s conditions,

and facilitating the team to develop a shared patient treatment plan. This more

consensual process is important for eliciting information key to patient decision-
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making, for developing shared knowledge structures (e.g. daily goals), and for

ensuring tasks are designed to meet the skills and training needs of team members.

As work is performed in the ICU (during the post-round period), specialists step

back from their leadership role, and move into a supporting role. Here, leadership

constitutes identifying problems and assessing team members in providing patient

care. This involves retaining a bird’s-eye view of the unit, identifying problems

before they emerge or take root, and where necessary giving guidance. However,

the extent to which specialists provide hands-on leadership depends on their

training objectives for trainees, the other challenges being faced within the ICU,

and the threat to patient safety. Finally, a far more proactive form of leadership

occurs during emergency phases of work. This can involve a more directive

approach to task delegation, and information sharing, and depending on the context,

a reduced involvement of team members in patient decision-making or in the

development of short-term solutions. Thus, there is not a single type or style of

leadership that is effective for managing teams in ICU. Rather, leadership behav-

iours need to reflect the changeable nature of work and teams.

Finally, alongside the leadership of day-to-day work, the development of unit

culture is also important. Psychology research investigating leadership in

organisational settings shows the importance of actions such as developing a vision,

shared norms, and demonstrating standards of excellence. These are also important

for the ICU environment, and a key function of ICU specialists is to develop a stable

and safe environment where team members (who constantly change and rotate) can

develop their skills and knowledge. Within an ICU there may be several specialists,

and developing and communicating a shared perspective of patient care and

teamwork is challenging (e.g. on treatments strategies, expectations for junior

team member contributions during decision-making). Where this does not occur,

junior team members receive mixed messages on the behaviours that are expected

of them, and the standards to which they should aspire. This can create a culture

where junior team members (and in particular junior trainee trainees) adapt their

behaviour to meet the perceived (and sometimes contradicting) demands of indi-

vidual team leaders. In turn, it can cause behavioural inconsistency, and increase

the likelihood of error through team members trying to adapt their behaviour to

satisfy a team leader rather than the clinical situation.

Conclusions

Understanding the skills and behaviours that underpin effective teamwork and team

leadership in critical care medicine is crucial for ensuring the safe treatment of

patients. Although there is considerable research on what makes an effective leader

in domains such as anaesthesia and surgery (and how to measure leadership),

critical care medicine poses a number of different challenges. Specifically, the

flow and nature of work, and the changeable and complex construction of teams,

means that tools for observing leadership behaviour and theories need to be
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designed to reflect the very specific constraints of critical care medicine. Research

has begun to investigate how team leaders in ICU shape aspects of team functioning

amongst trainee doctors and nurses (e.g. communication, situation awareness), and

this would seem a very fruitful avenue for future investigation.
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44. Raduma-Tomàs M, Flin R, Yule S, Williams D. Doctor’s handovers in hospitals: a literature

review. BMJ Qual Saf. 2011;20:128–33.

45. Reader T, Flin R, Cuthbertson B. Team leadership in the intensive care unit. The perspective of

specialists. Crit Care Med. 2011;39:1683–91.

46. Sexton J, Thomas EJ, Helmreich RL. Error, stress and teamwork in medicine and aviation:

cross sectional surveys. Br Med J. 2000;320:745–9.

9 Teamwork and Leadership in the Critical Care Unit 135



Chapter 10

Caring for ICU Providers

Ruth M. Kleinpell, Omar B. Lateef, Gourang P. Patel, and Rachel Start

Abstract The intensive care unit (ICU) environment can pose adverse risks to ICU

care providers including psychological and physical stressors. Managing care for

critically ill patients with life-threatening conditions can result in conflicts related

to end-of-life decisions, ICU burnout, and moral distress. Other factors such as

exposure to patient suffering and family distress, prolonged work hours, or inade-

quate resources or staffing can result in stress for ICU healthcare professionals.

Addressing burdens placed upon ICU providers and promoting a healthy work

environment are important in ensuring respectful relationships, interdisciplinary

teamwork, and active engagement as well as promoting job satisfaction and ensur-

ing retention.

Keywords ICU providers • ICU caregivers • Healthy work environment • ICU

work environment • ICU staff burnout • ICU staff moral distress
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Overview

By virtue of high patient acuity, uncertainty about the outcome of critical illness, and

the stressful environment of the intensive care unit (ICU), ICU care providers are at

risk for a number of adverse work associated psychological and physical stressors. It

has been identified that ICUs are probably the most stressful places in hospitals

[1]. Conflicts related to end-of-life decisions, ICU burnout, and moral distress is

among some of the psychological stressors. Physical stressors can result from

prolonged work hours, inadequate staffing ratios, and job-related hazards such as

patient lifting and personal injury. There are many factors that serve to increase the

stress of caring for critically ill patients including communication problems with

patients and their family members, as well as other healthcare professionals, inade-

quate resources or staffing, role conflict, exposure to family distress, and exposure to

patient suffering [2]. It becomes evident that promoting a healthy work environment

for ICU care providers is important to mitigate the risk of adverse stressors.

Addressing burdens placed upon ICU caregivers and improving the ICU work

environment is paramount in improving the work life of ICU clinicians, promoting

job satisfaction, and ensuring retention. This chapter reviews concepts related to

caring for the ICU clinicians including strategies for promoting a healthy work

environment, reducing moral distress and burnout, and supporting ICU providers.

Promoting a Healthy Work Environment in the ICU

It is well acknowledged that the ICU is a stressful work environment involving acute

life-threatening illness, complex therapies, and frequent deaths [3]. The challenge of

caregiving for the critically ill is compounded by the uncertainty that characterizes

critical care including uncertainty about prognosis, uncertainty about ultimate quality

of life, uncertainty about medical decision making, and the uncertainty about the time

course of disease [2]. The Conflicus study which examined the prevalence and factors

related to ICU conflicts from 7,498 ICU staff members from 323 ICUs in 24 countries

found that 71.6 % experienced conflicts in the ICU ranging from communication

gaps, workload stressors, and job strain [1]. A number of factors were associated with

perceive conflicts including staff working more than 40 h/week, caring for dying

patients, providing pre- and postmortem care, conflict over symptom control, mis-

understandings among staff and families, lack of leadership, futile treatment, and

inappropriate family and patient behavior, among others. Recommendations from the

study identified that multifaceted conflict-reducing intervention should be designed

and evaluated to target the well-being of ICU professionals [1].

Establishing a healthy work environment in the ICU is a priority area to ensure

that healthcare professionals have a supportive practice setting. In 2005, the

American Association of Critical Care Nurses (AACN) identified six standards

for establishing and sustaining healthy work environments based on evidence-based
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and relationship-centered principles of professional performance [4]. The standards

include:

• Skilled Communication

• True Collaboration

• Effective Decision Making

• Appropriate Staffing

• Meaningful Recognition

• Authentic Leadership

The standards align with the core competencies for health professionals

recommended by the Institute of Medicine’s Committee on Quality Health Care [5].

AACN issued a call for action for ICUs to adopt the healthy work environment

standard and was joined by the American College of Chest Physicians (ACCP) in

advocating for a number of steps to create healthy work environments including

conducting an assessment of the environment and culture in the ICU and develop-

ing a clear plan of action to implement the standards.

A number of ICUs have adopted the HealthyWork Environment (HWE) standards

and have implemented initiatives to promote a culture which values respectful

relationships, interdisciplinary teamwork, and active engagement. At Rush Univer-

sity Medical Center in Chicago Illinois, the Professional Nursing Staff utilized the

HWE standards to shape and frame priorities and goals that supported these core

philosophies. Education on the healthy work environment standards was provided to

clinical staff and committee chairs were encouraged to structure committee goals

based on the six standards. A Work Life Committee was formed to evaluate formal-

izing the HWE standards throughout the organization. As part of the work of the

Work Life Committee, a code of conduct was developed to reinforce the emphasis on

respectful communication and expected professional behavior (Figs. 10.1a–c and

10.2). Key components of the code of conduct for physicians and nurses identified

that professional behavior, integrity, and ethical behavior were an expectation. Truth,

honesty, communication, and cooperation with other healthcare providers are

expected along with respect and regard for their dignity. Development of the profes-

sional code of conduct has helped to reinforce the importance of professional

behavior to other healthcare clinicians, patients, and family members.

In response to clinical staff surveys that identified that some staff were not taking

rest or meal breaks a Meal Break Guiding Principles statement was created and a

toolkit was developed that could assist units in creating a culture that encouraged

rest periods (Fig. 10.3). A respite room was also created to provide a dedicated

space for clinicians to take breaks away from the clinical care areas. Additional

projects included an initiative to address staff resilience, and development of an

educational tool to assist staff in resourcing quick, real-time safety and distressing

issues (Fig. 10.4). These initiatives have been beneficial in promoting a culture

focused on improving the work environment for clinicians including improving

communication and promoting collaboration. A number of resources exist for

promoting the HWE standards including position statements on respectful behavior

expectations, workplace violence prevention, and teamwork training (Table 10.1).

10 Caring for ICU Providers 139



Fig. 10.1 (continued)
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Fig. 10.1 (a–c) Medical staff code of conduct example. Reprinted with permission, Rush Uni-

versity Medical Center, Chicago, IL, USA
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Strategies for Enhancing Care for Providers in the ICU

Improving care in the ICU for care providers requires focused efforts at assessing

the ICU environment and creating an action plan for improvement. Table 10.2

outlines an example of an assessment to evaluate the healthcare work environment.

Addressing communication, collaboration, and teamwork are fundamental to

Fig. 10.2 Nursing code of conduct example. Reprinted with permission, Rush University Medical

Center, Chicago, IL, USA
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improving care in the ICU. The literature on ICU teamwork identifies that com-

munication, leadership, coordination, and decision making are processes that influ-

ence performance in the ICU. Effective teamwork has been identified as crucial for

Fig. 10.3 Healthy work environment guideline example. Reprinted with permission, Rush Uni-

versity Medical Center, Chicago, IL, USA
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Fig. 10.4 Healthy work environment resource tool example. Reprinted with permission, Rush

University Medical Center, Chicago, IL, USA
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providing optimal care in the ICU [6]. A recent literature review on ICU team

performance identified a number of factors that impact ICU performance including

communication norms, attitudes and personalities, leadership styles, collaboration,

which in turn impact patient and team outcome (Fig. 10.5) [7].

Table 10.1 ICU healthy work environment resources

● Standards for Establishing and Sustaining Healthy Work Environments: http://www.aacn.org/

WD/HWE/Docs/ExecSum.pdf

● Workplace Violence Prevention Position Statement: http://www.aacn.org/WD/practice/docs/

publicpolicy/workplace-violence.pdf

● Zero Tolerance for Abuse Position Statement: http://www.aacn.org/WD/practice/docs/

publicpolicy/zero-tolerance-for-abuse.pdf

●Moral Distress Position Statement: http://www.aacn.org/WD/Practice/Docs/Moral_Distress.pdf

● TeamSTEPPS™: http://teamstepps.ahrq.gov/abouttoolsmaterials.htm

TeamSTEPPS™ is an evidence-based teamwork training system aimed at optimizing patient

outcomes by improving communication and teamwork skills among health care professionals

Chest physician

• Creating Healthy Work Environments: Introduction (January 2007, p. 18)

• Creating Healthy Work Environments: Skilled Communication (February 2007, p. 16)

• Creating Healthy Work Environments: Authentic Leadership (March 2007, p. 19)

• Creating Healthy Work Environments: Appropriate Staffing (April 2007, p. 18)

• Creating Healthy Work Environments: True Collaboration (May 2007, p. 10)

• Standards for Establishing and Sustaining Healthy Work Environments: Effective Decision

Making (June 2007, p. 16)

• Creating Healthy Work Environments: Meaningful Recognition (July 2007, p. 15)

Table 10.2 Sample assessment questions to evaluate healthy work environments

Administrators, nurse managers, physicians, nurses, and other staff maintain frequent communi-

cation to prevent each other from being surprised or caught off guard by decisions

Administrators, nurse managers, and physicians involve nurses and other staff to an appropriate

degree when making important decisions

Administrators and staff work to ensure there are enough staff to maintain patient safety

The formal reward and recognition systems work to make staff feel valued

Administrators, nurse managers, physicians, nurses, and other staff members speak up and let

people know when they’ve done a good job

Staff feel able to influence the policies, procedures, and bureaucracy around them

Administrators, nurse managers, physicians, nurses, and other staff have zero-tolerance for

disrespect and abuse. If they see or hear someone being disrespectful, they hold them

accountable regardless of the person’s role or position

When administrators, nurse managers, and physicians speak with nurses and other staff, it is not

one-way communication or order giving. Instead, they seek input and use it to shape decisions

Administrators, nurse managers, physicians, nurses, and other staff are careful to consider the

patient’s and family’s perspectives whenever they are making important decisions

There are motivating opportunities for personal growth, development, and advancement

Adapted from The AACN Healthy Work Environment Assessment: http://www.aacn.org/dm/hwe/

hweviewquestions.aspx?menu¼hwe, accessed 3 November 2012

10 Caring for ICU Providers 145

http://www.aacn.org/WD/HWE/Docs/ExecSum.pdf
http://www.aacn.org/WD/HWE/Docs/ExecSum.pdf
http://www.aacn.org/WD/practice/docs/publicpolicy/workplace-violence.pdf
http://www.aacn.org/WD/practice/docs/publicpolicy/workplace-violence.pdf
http://www.aacn.org/WD/practice/docs/publicpolicy/zero-tolerance-for-abuse.pdf
http://www.aacn.org/WD/practice/docs/publicpolicy/zero-tolerance-for-abuse.pdf
http://www.aacn.org/WD/Practice/Docs/Moral_Distress.pdf
http://teamstepps.ahrq.gov/abouttoolsmaterials.htm
http://www.aacn.org/dm/hwe/hweviewquestions.aspx?menu=hwe
http://www.aacn.org/dm/hwe/hweviewquestions.aspx?menu=hwe
http://www.aacn.org/dm/hwe/hweviewquestions.aspx?menu=hwe


Effective communication is a component of quality of care and patient safety

[8, 9]. An increased emphasis on communication for healthcare professionals has

been advocated for optimal patient care [10–15]. This is especially relevant to

critically ill patients who often have care needs from multiple services, increasing

the risk of communication breakdowns in the ICU [16–19]. A number of resources

for improving communication are available including suggested communication

formats. The SBAR (Situation–Background–Assessment–Recommendation) [20]

communication format provides a framework to promote effective communication

between members of the health care team. SBAR allows for an easy and focused

way to set expectations for what will be communicated and how between members

of the team, which is essential for developing teamwork and fostering a culture of

patient safety (Fig. 10.6).

The application of crew resource management (CRM) methods to health care

settings has also been proposed as a strategy to improve teamwork and communi-

cation and patient safety [21]. At our university medical center, CRM training was

integrated into all care areas over a several-year timeline. In the ICUs, all staff

attended a 4 h CRM training session, which focused on establishing principles that

were deemed important by our specific team members. The CREW training session

occurred over a period of 2 days for each adult ICU, emergency department, and

operating room. In addition, areas of pediatrics and labor and delivery were

included in the sessions as well. During the two-day training session, each section

Fig. 10.5 ICU team performance framework. Adapted from Reader et al., Critical Care Medicine

2009 [7]
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met and the first task was introductions. The training session included physicians,

nurses, pharmacists, respiratory therapists, and the dietitian (where applicable). The

first day of the session included identification of three high priority patient safety

initiatives. Once these were agreed upon and approved by the team, the room was

divided into groups of three to four individuals. The smaller groups were tasked on

how they would best accomplish the three tasks chosen with current resources.

Fig. 10.6 SBAR communication tool
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In addition, we were encouraged to suggest resources needed to support the

changes. The discussions created a healthy and open environment for all as the

moderator was a pilot who utilizes the team and checklist concept on a daily basis.

The second day of the session also allowed us to test the process improvement

initiatives for patient safety to observe if there were any issues the group did not

think of. The training received positive feedback and many of these initiatives are

the core of ICU practice today.

Another formal training program is TeamSTEPPS™, an evidence-based team-

work training system aimed at optimizing patient outcomes by improving commu-

nication and teamwork skills among health care professionals. TeamSTEPPS,

developed by the United States Department of Defense in collaboration with the

Agency for Healthcare Research and Quality [22], focuses on developing a cadre of

teamwork instructors with the skills to train and coach other staff members and a

series of interactive workshops focusing on communication and teamwork skills

(http://teamstepps.ahrq.gov/about-2cl_3.htm#TSTP).

Burnout and Moral Distress in the ICU

ICU care providers are at risk for burnout and moral distress in the ICU due to

prolonged exposure to job stressors and conflicts related to goals of care for

complex critically ill patients. Burnout is a psychological term used to describe

the experience of long-term exhaustion. It can lead to emotional instability, fatigue,

loss of purpose and energy, absenteeism, and lower job satisfaction [2, 23, 24]. The

known factors associated with burnout include end-of-life issues, conflicts, lack of

recognition and responsibility overload and the stressors associated with the ICU

environment [23, 25–27]. A recent study on burnout in ICU caregivers with 3,052

physicians, nurses, and nursing assistants found several factors that were associated

with higher risk of burnout including being a nurse assistant, being male, having no

children, and being under age 40 [23].

At our university medical center, anecdotal reports from ICU clinical staff

indicated that some staff were experiencing stress and at times distress related to

providing care for complex critically ill patients with uncertain prognosis. As part

of a quality improvement initiative to further address the staff reports, formal

assessment of moral distress was assessed with the use of a descriptive question-

naire study [28]. An established moral distress assessment tool, the Corley Moral

Distress scale [29, 30], was used to assess levels of moral distress among 28 ICU

staff nurses.

Overall, nurses reported that situations associated with moral distress did not

occur frequently, but they indicated that prior situations were associated with a

moderate level of moral distress. The highest levels of distress were associated with

the provision of aggressive care to patients not expected to benefit from the care.

Moral distress was significantly correlated with years of nursing experience.

Respondents identified that moral distress adversely affected job satisfaction,
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retention, psychological and physical well-being, self-image, and spirituality

[28]. Additionally, the experience of moral distress influenced attitudes toward

advanced directives and participation in blood donation and organ donation, with

some identifying they would not donate blood or donate an organ after experiencing

futile care for patients who were terminal. The results of the study reinforced that

moral distress is experienced by ICU providers, often as a result from providing

aggressive care to patients not expected to benefit from critical care. Based on the

experience of conducting the study, the ICU began to incorporate a more proactive

approach to recognizing difficult patient care situations and integrating additional

discussion on rounds. Palliative care consultations were also more readily accepted

as an expected component of caring for critically ill patients with complex care

needs. In addition, there have been Palliative Care team members who have

rounded with the ICU team (e.g., MICU) and following up on past, current, and

future cases which helped with giving the nursing and physician staff feedback and

allow time to debrief on clinical scenarios. Additionally, a process was created by

which any members of the health care team could call a consult to both the ethics

consultative serve or the palliative care team directly.

Supporting ICU Providers

A number of coping strategies may assist ICU caregivers in the process of caring for

themselves including staff support groups, regular interdisciplinary meetings to

discuss difficult cases, and formal staff training in communication and conflict-

resolution skills [2]. The use of team workshops and staff education to help ICU

staff cope with moral distress has been shown to be effective in reducing moral

distress among ICU care providers [31]. Other strategies such as the use of a daily

goals worksheet to improve communication about patient care have been demon-

strated to also improve ICU clinician satisfaction [32–34].

One successful initiative that has been implemented at our university medical

center has been to host Schwartz Center Rounds based on the model proposed by

the Schwartz Center for Compassionate Healthcare (www.theschwartzcenter.org),

a nationwide nonprofit organization dedicated to strengthening the relationship

between patients and their clinical caregivers. Founded by the family of Ken

Schwartz who died of lung cancer at age 40, the center promotes the provision of

compassionate care. Schwartz Center Rounds allows caregivers to come together

on a regular basis to discuss challenging emotional and social issues they have

faced in caring for patients. Each session begins with a brief introduction with

multiprofessional co-facilitators welcoming participants and sharing background

information about the Schwartz Center. A panel representing members of the

healthcare team who were involved in the care for a patient speak to the specific

case and share their personal experiences. The facilitators promote discussion with

the panel and audience, some of whom may have also been involved in the specific

case and also share their experiences and thoughts. The rounds have proven to be a

10 Caring for ICU Providers 149

http://www.theschwartzcenter.org/


successful format for facilitating interprofessional discussion of difficult cases and

promote a forum for sharing [35]. By creating an environment in which people

could freely discuss their emotions health care providers have found their concerns

are not isolated and merit conversation. Regardless of the results of the conversa-

tion, the mere discussion often facilitates healing by our health care providers.

The Schwartz Center Rounds format has been adopted by more than

230 healthcare organizations in the USA and UK to promote compassion, improved

teamwork and reduce caregiver stress, and is another strategy to address and lessen

the effects of moral distress in healthcare professionals and raise awareness of the

importance of compassionate care.

Summary

The stressful work environment of the ICU can be taxing to ICU providers, posing

risk for ICU burnout and moral distress. Promoting awareness of the importance of

teamwork, communication and collaboration, along with adopting strategies to

promote a healthy work environment can help to ensure that ICU providers are

supported and valued for their commitments to providing patient and family-

centered compassionate care.
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Part III

Integrating Intensive Care



Chapter 11

Rationing Without Contemplation: Why

Attention to Patient Flow Is Important

and How to Make It Better

Michael D. Howell and Jennifer P. Stevens

Abstract Inattentiveness to patient flow leads to rationing of critical care without

contemplation. Many ICUs today operate at the limits of their capacity, making

daily decisions about which patients can receive critical care. Historically, hospitals

have dealt with this by building additional ICU beds. However, improving patient

flow effectively increases ICU capacity without building additional beds, and

problems with patient flow have well-documented, harmful effects on patients

both in the ICU and waiting for care in the ICU. A number of tools from

manufacturing and operations research allow us to understand, measure, and

model patient flow, and to use this understanding to make meaningful improve-

ments in real-world ICUs.

Keywords Communication • Mathematical theory • Patient safety • Efficiency •

Interdisciplinary rounds • Protocols • Language

Background

As the United States’ population ages, the demand for critical care will continue to

increase. Annual costs for intensive care have increased by 44 % over 5 years,

culminating in an investment of 0.7 % of the U.S. gross domestic product in 2005

[1]. Our current health care system may not be able to meet this demand. In the first

quarter of the twenty-first century, the prevalence of ventilated patients is expected
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to rise 80 % [2] while projections about the future supply of intensivists suggests

one-fifth of the demand for critical care services may not be met in 2020 [3]. Further,

residents of some parts of the country may face an even greater disparity between

supply and demand. Already, geographic variation in intensive care unit (ICU) bed

availability per capita varies nearly fivefold [4].

Why should we care about patient flow?

Inattentiveness to patient flow leads to rationing of critical care resources

without contemplation, a state detrimental to both patients and providers.

At best, we are barely keeping up with the clinical need for critical care services

[3]. But given the extensive investment in training necessary to generate every new

intensivist, the field has had to turn to other, creative methods for meeting the

demand for critical care. Other chapters of this text discuss some of these methods,

such as using telemedicine to extend access to intensivists, regionalizing critical

care (e.g., regionalization of sepsis centers), and broadening the use of non-critical-
care-boarded physicians and nonphysician extenders in intensive care settings.

These strategies are highly valuable as ways to extend the current system. A

complementary strategy is the careful measurement, management and improve-

ment of patient flow through current ICUs so as to increase the availability of

existing resources to patients and minimize waste and wait. Better patient flow

creates more ICU capacity without building more ICU beds.

We use the term “patient flow” to refer to the movement of patients into, through

and out of an ICU. The movement of patients through this space is highly integrated

in and dependent on other aspects of the hospital environment. Inattentiveness to

patient flow leads to rationing of critical care resources without contemplation, a

state detrimental to both patients and providers. Conceptualizing patient flow

necessitates a deep understanding of the interconnectedness of the ICU to other

departments and physical spaces within the hospital (the geographic structure of

patient care) and of the directionality and motion of patients within critical care

spaces (the temporal and dynamic flow of patient care). This chapter will address

why it is valuable for all physicians to contemplate patient flow, several models

proposed in the literature for how to measure it, and currently available proposals

for what to do about it.

What Is Patient Flow?

Aggregate patient flow involves one complex organizational structure, the ICU,

embedded within a larger network of complex organization structures. Figure 11.1

represents an example of how patients move into and out of a hypothetical ICU.

Patients arrive in the ICU from a range of locations, including other critical care
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delivery spaces (e.g., other ICUs, the post-anesthesia care unit, the operating room),

other hospitals, and other patient care areas (e.g., the emergency department, the

medical or surgical floors). Once in the ICU, patients may stay for a short or long

time, they may require ventilation, and they may undergo a series of procedures,

both in and outside of the ICU. To leave, they may go to the medical or surgical

floors, to another hospital, to a rehabilitation facility or home, or they may die.

Fig. 11.1 A simplified example of the multiple points of entry and exit into a single intensive care

unit at a single hospital with only one medical floor and one surgical floor. Each line represents a

potential patient path. Even in this idealized example, measuring and understanding patient flow

would need to accommodate the practice patterns of seven different entry sites with differing

levels of acuity, predictability, and patient needs. The three panels below describe three different

possible paths for individual patients
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Panels A–C describe the paths of three different patients as they flow through this

ICU.

The movement of patients into, through and out of the ICU on any given day is

affected by different forces at each of these levels. The patient flow in each of the

other patient care spaces affects the patient flow in the ICU. For example, the

number of patients arriving today in the ICU will be affected by the number of cases

booked in the operating room that require an ICU bed (and if those cases are

delayed or run on time), the number of patients in the emergency room, and any

critically ill patients on non-ICU floors. Whether patients are transferred to the ICU

will depend on how many beds are available, which is a marker of, again, multiple

system-level forces including the acuity of the ICU itself, how quickly patients can

be discharged to less acute levels of the hospital, whether staffing is available to

care for those patients or if it is a weekend or holiday when the unit is short staffed,

among other forces. This fragile homeostasis of patient flow can quickly unravel

with a sudden surge of demand for critical care due to a disaster or other sudden

influx of patients.

Each of the interconnected patient units of a hospital may have different and

conflicting motivations from one another. An emergency room might be motivated

to move a patient quickly to the next area of care. An ICU may be reluctant to

accept a patient just as the nurses are changing shift, so as to minimize rework and

handoffs. In the absence of system-level thinking, these conflicting motivations will

continue to dominate patient flow, with both patient- and physician-level

consequences.

Why Patient Flow Matters

Patient-Level Consequences of the Current State

Without a prospective effort to understand and alter patient flow through an ICU,

patients and providers are buffeted about by the seemingly random and frustrating

daily surges in demand for ICU beds. When demand for beds goes up, the ICU must

perform rapid changes in staffing arrangements, consider discharging patients to the

floor (potentially prematurely), or, alternatively, turn patients away. Patients with

the misfortune to need critical care during high occupancy times in the ICU are left

waiting in areas able to accommodate higher levels of patient acuity, such as the

emergency room or PACU, or are triaged directly to the medical floor.

None of these choices serve patients well; patients who do not get ICU-level care

when needed, whether through delays in the emergency room [5, 6], delays on the

floor due to high ICU census [7–15], or premature discharge from the ICU, all

appear to be at risk for harm. Chalfin and Trzeciak [14] examined over 50,000

patients transferred to the ICU from the emergency room and found those whose

transfer was delayed by 6 or more hours had longer ICU length of stay (7 versus
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6 days, p< 0.001), greater ICU mortality (10.7 % versus 8.4 %, p< 0.001), and

greater hospital mortality (17.4 % versus 12.9 %, p< 0.001). Cardoso et al. [9]

quantified each hour of waiting to be associated with a 1.5 % increased risk of death

(HR 1.015, 95 % CI 1.006–1.023, p¼ 0.001). Similarly, Parkhe et al. [15] found

that sick patients who were detoured to the medical floor had an increased relative

risk of 30-day mortality of 2.46 (95 % CI 1.2–5.2) versus patients directly admitted

to the ICU. Robert et al. [16] found that patients admitted to the ICU after initial

refusal had higher risk-adjusted odds of mortality at day 60 as compared with those

patients admitted initially (OR 1.83, 95 % CI 1.03–3.26, p¼ 0.04; odds of mortality

at 28 days also trended in the same direction but was nonsignificant) and Sprung

et al. [8] found that those who were never admitted after refusal also had a lower

28-day survival as compared with those patients who were admitted. Discharge at

night, an event likely to occur due to inordinately large ICU census or because of

inefficient patient flow, was found to independently predict death or ICU

readmission among 3,462 ICU patients in France, along with other clinical factors

[17]. The failure to align critical care resources with patient need, whether due to

delays in transfer, blocked transfers, or premature discharges, can cause actual

patient harm and have been described as “preventable adverse events” by

healthcare safety advocates [18].

The literature around registered nurse staffing is quite clear—and makes intui-

tive sense—about another way of examining problems in patient flow, the risk of

staffing strain. Needleman et al. [19] found higher nurse-to-patient ratios were

associated with lower rates of hospital complications for patients such as urinary

tract infections, pneumonia, and upper GI bleeding. Kane et al. [20] found an

increase of one registered nurse per day was associated with 30 % lower odds of

hospital acquired pneumonia, 50 % decreased odds of unplanned extubation, 60 %

decreased odds of respiratory failure and nearly 30 % decreased odds of cardiac

arrest, as well as both a decreased risk of patient mortality and shorter ICU lengths

of stay. Since nurses are the providers with the greatest amount of time at the

bedside delivering care, these studies illustrate the direct link between patient

outcomes and availability of nurses for each patient.

The patient-level outcomes that result from busy physicians and decreased

physician-to-patient ratios (e.g., when the ICU census is high) are less clear

[21]. Admission during rounds, presumably when demands on providers intellec-

tually and physically are greatest, appears to be risky. These patients have more

than a 30 % increased odds of risk-adjusted hospital death [22]. But the risk to

patients of admission during periods of high occupancy is not as clear. Tarnow-

Mordi et al. [10] found a higher mortality rate for patients exposed to periods of

higher ICU workload, as measured both through bed occupancy and staffing, while

other investigators noted a higher ICU length of stay during periods of strain

[11]. However, Iwashyna et al. [23] found that after risk adjustment, patients

admitted on highest census days had no difference in mortality rates nor were

they at an increased risk of transfer to other hospitals, a result confirmed when they

also examined census in the previous 2-week period to admission. Other investi-

gators who have examined the opposite condition, the risk of death from admission
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during low staffing time (as opposed to high patient volume), whether through

nighttime admissions or weekend admissions, also found mixed results [24–26]. A

meta-analysis by Cavallazzi et al. [27] reported no difference in mortality during

nighttime admissions (OR 1.0, 95 % CI 0.87–1.17) but a small increased risk-

adjusted odds of death from weekend admission (OR 1.08, 95 % CI 1.04–1.13). One

can imagine that a full ICU places different demands on the intensivist than an

admission during the intellectual process of morning rounds. Further, how different

institutions manage periods of “high strain” with regard to staffing may vary,

leading to the inconsistent conclusions in the literature. At the very least, these

authors raise the concern that simply asking intensivists to work harder may not

serve patients well, although Iwashyna et al. [23] demonstrated intensivists may be

able to pull this off for the short term.

Whether or not patients suffer an increased risk of death, physicians do appear to

behave differently during periods of high census. Stelfox et al. [12] examined

patients on the floors with sudden clinical instability and found that availability

of ICU beds was a driver of transfer to the ICU and of transitions in goals of care,

although not of mortality. “Premature” discharge, presumably in response to

increased demand for ICU beds, was associated with a higher severity-adjusted

risk of death [28]. These findings suggest many physicians have a conscious or

unconscious algorithm they use in order to triage patients to critical care beds, an

algorithm that changes under external pressure from the scare resource of bed

availability, often generated in the absence of formal triaging strategies or recom-

mendations [29]. Put another way, physicians may ration critical care as a result of

transient bed availability, either in an effort to adapt to scarce resources or as a way

to cope with an intolerable situation. But the entire burden of managing transient

surges in patient flow is controlled by the provider left to triage this process by

whatever means necessary.

Provider-Level Consequences of the Current State

The demand for greater critical care bed availability [2, 3] and the call for the most

experienced providers to deliver care [30] in the absence of more careful consider-

ation of patient flow also will have a detrimental effect on providers. Nighttime and

weekend hours was the most common reason cited by physicians in pediatric

emergency rooms for 80 % of subjects not believing they would be able to work

after 50 years of age [31]. In Ali and colleagues [32] cluster-randomized trial of

different ICU staffing strategies comparing a strategy with weekends off versus

continuous 14-day coverage, patients fared the same in the arm of the trial with

weekends off but intensivists reported less burnout, less work-home life imbalance

and less job distress. Burnout is already prevalent among intensivists, including

among almost half of French intensivists, and is independently associated with

clinical workload rather than only with severity of illness of the patient population

[33]. Further, an increase in intensivist workload may limit the time available to teach
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and increase attending stress, both items that may increase trainee dissatisfaction and

decrease the number of individuals going into the field [21, 34].

What Can We Do About It? Understanding Patient Flow

Consider the hypothetical example of a 20-bed ICU at a small, urban, academic

hospital. We will return to this hypothetical ICU’s dilemma throughout the rest of

the chapter. The demand for each ICU bed has increased steadily in the past year.

Patients are backing up into the emergency room and physicians and nursing staff

are beginning to feel unsafe on the medical floors because they cannot transfer

patients to the ICU in a timely way. Further, the ICU is often unable to accept

outside hospital transfers to the unit for lack of available beds.

The hospital management has indicated that it wants to build another 10-bed

ICU to solve the supply problem. They think the majority of admissions come in at

the end of the day or overnight and the new ICU could off-load some of this supply.

They suggest staffing can be rearranged to accommodate these new beds in the new

ICU, with additional shifts for nurses and physicians and greater coverage demands

for pharmacists and respiratory therapists, without hiring new staff. The hospital

management believes quality of care with improve if they are able to make critical

care resources more available to a larger number of patients.

As a guiding framework, consider that patient flow has a spatial component

and a temporal component. The spatial component describes the number of

different stops a patient will make through the ICU; in other words, this is the

map of patient movement. The dynamic components are measurements of the

various rates of patient movements, from one part of the map to another.

Alternatively, one could approach the question whether a new 10-bed ICU is

needed by asking different questions. If we implemented evidence-based quality

improvement strategies known to reduce ICU length of stay, would we be able to

increase the rate of flow of patients enough to accommodate the demand? If,

instead, we looked why most admissions are admitted to the ICU in the evening,

could we make this process safer? If we examined how patients leave the ICU and

improve this process, could we increase the timeliness of available, clean ICU

beds? Perhaps building a new ICU actually is the best approach—but are there ways

of testing different staffing arrangements prior to the capital investment of actually

breaking ground?

The field of operations research provides us with a number of methods to

quantify patient flow, which in turn reveal opportunities for improvement. In this

section, we present a number of different approaches to measure and to quantify

patient flow. As a guiding framework, consider that patient flow has a spatial
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component and a temporal component. The spatial component describes the num-

ber of different stops a patient will make through the ICU; in other words, this is the

map of patient movement. The dynamic components are measurements of the

various rates of patient movements, from one part of the map to another. To

make improvements and changes in patient flow, an understanding of both how

patients move and the rate at which they move is required.

We will first describe tools from Lean manufacturing to map the intricate detail

of one’s interconnected ICU and to quantify patient or provider time spent in each

part of the process, the spatial component. (Chapter 12 of this text describes quality

improvement strategies in detail that are also powerful for mapping how, why and

when patients flow through the ICU.) We will then provide three different

approaches from operations research to quantify the dynamic flow of patient

movement. With each method, we will describe how it could be used to address

the case study and create an alternative to building a new ICU.

Lean/Toyota Production System

Lean manufacturing, as created by Toyota, burst on the scene of the American car

industry in the 1990s, as the industry sought out ways to improve its waste-filled

industrial processes in the face of rapid loss of market share to foreign competitors

[30, 31]. Health care, a complex industry riddled with waste of its own, has turned

to Lean techniques in the past 10 years as a set of tools useful in standardizing

processes of care and refocusing activities around adding value for the patient

[35, 36].

A full discussion of Lean is beyond the scope of this chapter, but we will

describe two tools that are particularly useful for understanding patient flow:

process mapping and value-stream mapping. Implementing Lean methods

requires that one map out each part of the process in careful detail. For example,

in the ICU, if one is interested in understanding the patient flow out of the ICU to a

medicine team, one would map out the details of each of the following processes:

(1) how are patients triaged in the ICU to stepdown-level care? (2) How is a bed

procured through the admitting department? (3) How do physicians communicate

between the ICU and the medicine floor? (4) How do nurses communicate

between the ICU and the medicine floor? (5) How does the system change if the

patient has to make a stop along the way (e.g., in radiology)? (6) How is transport

called? (7) What happens once the patient arrives at the medicine floor? For

example, at our institution, when we analyzed the process required to administer

a first dose of antibiotics in the ICU, we determined that it took 24 meaningful

process steps.

After developing a detailed process map, the next step is mapping each step of

each process as value-added or non-value-added. Processes are deemed to add
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value when the customer values the work being done in the particular step.1 To add

value, a step in the process must meet three criteria: (1) Does it transform the

service or product? (2) Would someone pay for it? (3) Is it done right the first time?

A pragmatically useful question to determine whether a particular step adds value

is, “Would someone pay a dollar for this particular action?” Thus, a process step

would be considered value-added when a patient would actually pay for what’s

being done. This might be actually receiving an antibiotic, actually talking with a

doctor, or participating in physical therapy. In contrast, non-value-added processes

fail to add value for the patient and represent waste, or “muda.” Examples of non-

value-added activities might be the time physicians spend writing a note, the

transport of patients from one room to another, or the time that providers spend

gathering supplies for a procedure. Even though these are all required, they are

required because we have an imperfect system of care: no one would actually want

to spend a dollar (for example) for a physician to gather up supplies to do a

thoracentesis; they would pay for the procedure itself. In this kind of analysis,

surprisingly little time is spent on value-added processes.

A critical insight of Lean is to direct attention to eliminating non-value-added

steps rather than focusing effort on improving value-added steps. At first this seems

counterintuitive—don’t we want to focus on the things that matter? But it turns out

to be a matter of simple math: if your process is 10 % value-added steps, and 90 %

non-value-added steps (as is commonly the case), it is much more efficient to

improve the overall process by eliminating non-value-added steps. Any process

can be made more reliable in only two ways: by making each and every step more

reliable, or by eliminating steps . . . and even perfectly reliable steps still take time.

If they don’t add value, you should try to get rid of them.

Non-value-added waste can further be subdivided into over-production, waiting,
inventory, transport, motion, rework, and over-processing [37]. Table 11.1

describes each of these types of non-value-added waste and provides examples

from the process of gathering equipment to place a central venous catheter and

inserting that catheter into the patient. There are commonly used formalisms to

represent a value-stream map, but a simple example suffices. After the decision to

give an IV antibiotic, the value-added step is actually receiving the antibiotic—for

example, the 30 minute that the antibiotic is actually infusing. But the process might

include 3 minute of writing an order in the computer, 2 minute to look up and page

the antimicrobial stewardship team, 5 minute waiting for them to call back, 5 minute

of discussion, 2 minute for them to approve the order in the computer, 15 minute

waiting for the pharmacist to electronically approve the order, 30 minute waiting in

queue in the central pharmacy, 15 minute of preparation, 5 minute for a double-check

by another pharmacist, 30 minute of waiting to be transported to the ICU, 20 minute

1 In healthcare, decisions about who the customer is can be complex (e.g., patient, payor, family

members, etc.; sometimes another physician is the customer of a service), but we usually adopt the

perspective of the patient as the customer. This is both simpler and, usually, clarifying in both a

practical and ethical sense.
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for the actual transport, 15 minute for the nurse to find that the antibiotic was

delivered, and 5 minute to transport and hang the antibiotic—a total of 152 minute

of non-value-added time for a process with 30 minute of value-added-time. Put

another way, ~84% of the entire process is non-value-added. This is a typical amount

of non-value-added time in many healthcare processes. From a patient or a societal

perspective, particularly considering that a delay in antibiotics may increase the risk

of death [37, 38], this seems like something we should try to make better. Calling the

steps “non-value-added” is not a judgment about providers—these steps are abso-

lutely required by our current system. But the system can be changed. In this

example, the importance of focusing on the elimination of non-value-added steps

becomes clear, and it suggests a straightforward approach for improvement. If we

simply move this particular antibiotic into the ICU’s automated dispensing cabinet,

we will eliminate many steps in the process. Re-doing the calculation, we will find

that the non-value-added time has dropped to 37 minute. We have changed from a

process with only 16 % value-added time to one with 45 % value-added time, a

near-tripling of efficiency. We could never have achieved this by focusing on

improving the actual value-added steps. Can this translate into the real world?

Table 11.1 Seven types of non-value-added steps in a process (“waste” or muda)

Non-value-added

category (waste) Definition Example

Over-production Generating an item before it is

necessary, “just in case.”

The physician who grabs an extra set

of sterile gloves for the central line,

just in case.

Waiting Any good or service that is not

moving or being processed.

Waiting for a chest X-ray after central

line placement.

Transporting Moving a product from one

place to another, increasing

risk that the product could

be damaged en route.

The physician who must carry a large

number of sterile items necessary

for a procedure into the

patient’s room.

Inventory The result of over-processing

and waiting.

The large number of central line kits

that sit in storage in the ICU and

expire before they are used.

Motion Unnecessary movements in a

process.

The physician who realizes that all

equipment is not available in the

room and must return to the supply

room for additional items

Rework Required when defective

products are made.

The physician who must reestablish a

sterile field because sedation and

pain control was inadequate and

the patient contaminated the field.

Over-processing Excessive or expensive

processes when simpler

processes would

be just as effective.

The central line procedure is

documented on a paper checklist,

in an electronic note by the nurse,

and in a dictated procedure note by

the physician.

Definitions of the seven types of non-value-added waste in Lean and examples of each from the

process of obtaining central access in a patient
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In our own ICU, using Lean methods including the one described here, we reduced

the median time to first-dose antibiotics by almost 2 hours, or 61 %, which was

sustained for more than a year without ongoing intervention.

Returning to the case of our hypothetical 20-bed ICU, we will start to address

management’s question of whether we need another ICU by mapping out patient

flow in the existing ICU.We are interested in why patients seem to be admitted later

in the day and why there is a delay in moving them from the emergency room and

floors into the ICU. Figure 11.2 maps the process of discharging a patient from the

ICU to the medicine floor to make a new ICU bed clean and available to a new

patient who is waiting in the emergency room. This is only one possible map for the

discharge process—patients could also go home, to rehabilitation, to the surgical

floor or to other hospitals, as described in Fig. 11.1. The process map for the ICU

team moves from left to right and then continues on the second half of the diagram;

the steps and the ICU patient are highlighted. Because the movement of the ICU

patient is dependent on the availability of a floor bed, the process map also includes

the floor team’s steps for discharging a patient, moving sometimes in tandem and

sometimes in sequence. The three patients involved, the ICU patient, the floor

patient and the emergency room patient, all are waiting in their beds at each step of

the process. At every step that they want to move, an arrow indicates where they

would go if they could, but it is blocked by an X if they are unable to move due to

the process that is unfolding below them. Despite the 24 steps involved between the

two process maps, a patient moves at only three points: once from the floor to home,

once from the ICU to the floor, and once from the ER to the ICU.

The process map also highlights the solution: only 3 of 24 steps (12.5 %) could

be considered at least partially value-added to the customer, when they move to a

new level of care. To improve this process and reduce the wait time of patients, we

could drill down on each of these steps to improve them or eliminate them entirely.

During six steps in Fig. 11.2, a bed is dirty and unable to be used for any patient.

During five steps, a bed is clean but there are other delays in the system that

prevents the transfer. These steps are waste. Eliminating even one of these

steps—e.g., creating a system whereby the discharge order from the physician in

the computer automatically notifies housekeeping to arrive to clean the bed—would

reduce delay. Further, this process map only describes the current state. Lean would

challenge providers to then take the next step to create the ideal system from

scratch, minimizing waste and non-value-added steps.

The tools derived from lean production methods allow for several key tools in

measuring and understanding patient flow: (1) what is the true process of patient

care in the ICU, including the minutiae of each aspect of patient flow, and (2) what

fraction of a patient’s time in any given process does not add value. Based on this

process, one could return to the hospital administration with the hypothesis that

ICU delays are due to discharge delays and recommend a series of improvements to

reduce wait times (and thereby decrease length of stay).
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Operations Research

With the map of where and how patients move through the ICU, the rate at which
patients moves through this web also becomes critical for changing and improving

the process. Tools from operations research are well suited to measuring the

dynamic aspects of patient flow. In 2005, the Institute of Medicine and the National

Academy of Engineering produced a joint report, “Building a Better Delivery

System: A New Engineering/Health Care Partnership” [39]. This report highlighted

the usefulness of operations research, a field that developed over the twentieth

century, to inform and improve health care. Operations research and queuing

theory, the oldest branch of operations research, allows us a mathematical founda-

tion on which to understand, quantify, and alter patient flow through the

interconnected parts of the hospital. We will present three different approaches,

from least to greatest complexity, and clarify when each might be helpful.
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Fig. 11.2 An example of a process map of how a patient is moved from the ICU to the medicine

floor to create a clean ICU bed. The process map for the ICU team moves from left to right, and

then continues on the second half of the diagram; the steps and the ICU patient are highlighted.

However, the movement of an ICU patient is dependent on the availability of a bed on another

floor; the process of a medicine patient discharge is therefore included as well. At each step, three

patients are illustrated waiting in their beds: the ICU patient (shaded), the medicine floor patient,

and an emergency room patient who arrives mid-morning and must wait for an ICU bed to become

available. Steps where patients want to move to a different bed are indicated by arrows between
beds; steps where movement is blocked are then marked with an “X”
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Little’s Law

In 1961, John Little proposed a mathematical tautology for calculating the length of

time an item remains in any given system. Little’s Law suggests that under specific,

essential conditions, the average number of items in the queue (the waiting time) is

equal to the average rate items arrive multiplied by the average time in the system.

L ¼ λW,

where L¼ average items in the queuing system, W¼ average waiting time in the

system, and λ¼ average number of items per unit time arriving. For Little’s Law to

hold, there must be a conservation of items, that is, all those items that come in must

come out [40].

Little offers the straightforward example of email turnaround to explain the law

[41]. If one receives 50 emails a day (λ¼ 50 messages/day) and the average size of

one’s inbox is 150 messages (L¼ 150 messages), then the average time to return an

email is 150 messages/50 messages/day or 3 days. This presumes that messages are

deleted when answered (and all messages are answered and cannot exit the system

any other way) [41].

To apply this same concept to the ICU, we will return to our case. After

addressing ICU discharge, we now hope to decrease length of stay by implementing

spontaneous breathing trials and spontaneous awakening trials in all patients

ventilated for more than 2 days. Management wants to know what effect we should

expect. To answer this question, we would like to estimate the average patient flow

benefit this improvement strategy might provide. Girard et al.’s [42] awakening and

breathing controlled trial found a reduction of 3 days median ICU length of stay for

subjects in the intervention arm that received both daily spontaneous awakening

trials and spontaneous breathing trials. Let’s say our ICU has 1,360 admissions a

year but only 22 % of patients are intubated with a length of stay of more than

2 days, i.e., could have met criteria for entrance into the ABC trial. Let’s assume

that these 22 % of patients have an average LOS of 9 days, but that everybody

else has an average LOS of 4 days. That means that our average LOS will be

(0.22� 9) + (0.78� 4)/1,000¼ 5.1 days.

What is Little’s Law good for? First, it lets us calculate the average daily census

as a measure of capacity strain. But more importantly, it lets us understand how

changes in length of stay will affect ICU census and throughput.

Little’s Law tells us:

• L¼ λW!Average daily census¼ # of admissions per day� average length of

stay

• Average daily census¼ (1,360 admission per year/365)� 5.1¼ 3.73� 5.1¼ 19

No wonder things feel so busy in our 20-bed ICU! An average daily census of

19 in a 20-bed unit is running very full, indeed. It is no surprise that there are many

patients whom physicians would like to place in the ICU who cannot get in.
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So what would happen to ICU throughput if our ICU institutes the approach of

the ABC trial and drops the average length of stay for those 22 % of patients by 3

days—from 9 days to 6 days? Our new average LOS becomes (0.22� 6) + (0.78� 4)/

1,000¼ 4.44 days. This will drop our average daily census to 16.5 (L¼ λW!ADC¼
(1,360/365)� 4.44¼ 3.73� 4.44¼ 16.5). Alternatively, if ICU demand has been

higher than capacity (as is often the case), we will see an increase in ICU admis-

sions until we are back at an average daily census of ~19. How many admissions

would that be?

L¼ λW
Average daily census¼ # admissions/day� average LOS

19¼ # admissions/day� 4.44

# admissions/day¼ 4.28 (up from 3.73)

In a year: 1,561 admissions, up from 1,360 admissions per year previously

That’s right: this single quality improvement intervention would let us care for

201 additional patients every year, without building additional ICU beds.

What can this surprisingly simple calculation tell us about patient flow through

the ICU? We can see that wait time (i.e., length of stay) and arrival rate (i.e.,

number of admissions per day) provide the driving factors of ICU census. If we are

to alter patient flow, these will be the two major levers to pull to alter patient flow

without adding more beds. We have demonstrated that implementing an evidence-

based strategy that makes the ICU safer would increase the number of admissions

per year by about 15 % through decreasing length of stay and length of mechanical

ventilation, which in turn may decrease rates of hospital-associated complications.

Queuing Theory

Unfortunately, Little’s Law falls short when considering the details of any given

day, rather than the average total capacity of the ICU, limiting its utility for solving

problems such as managing staffing. To model the day-to-day changes in patient

flow rather than average patient flow, we must build increasingly complex models

that can accommodate the fluctuations in patient demand for ICU services. Queuing

theory helps address some of these complexities of patient flow by calculating how

much time customers (or patients) spend waiting. Originally derived at the turn of

the last century around wait times and queuing for telephone exchanges [43], it has

been applied to a range of health care concepts, including organ allocation [44],

infectious diseases [45], operating room scheduling practices [46], and modeling of

wait time management and changes in workforce due to surges in demand for

diagnostic imaging [47]. The mathematical models used in queuing theory require

assumptions that are simpler than the real world, such as all patients are triaged

using the same method. Despite this shortcoming—that is present with any set of

modeling assumptions—queuing theory does allow one to model the specific
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aspects of the process that can often derail patient flow, such as the randomness of

patient arrivals and surges.

Queuing theory uses models that are broken down in terms of the customer and
the server (e.g., vehicles waiting to go through a toll booth or patients waiting for

admission to the ICU), the input process or arrival process (e.g., do patients arrive

to the ICU as single patients or in large groups), the service mechanism (e.g., the
number of physicians and nurses able to admit patients to the ICU at once), the

system capacity (e.g., the size of the emergency room and waiting room), and queue
discipline (e.g., how patients are triaged) [48]. This allows one to make different

assumptions for each of these interactions. For example, one could model that the

arrival time of patients to the ICU is random (e.g., the arrival rate of patients follows
a Poisson distribution) while modeling that the system capacity, the size of the ICU,

is a constant [48].

A helpful worked example is provided by Foster et al. [49] who demonstrate

queuing theory in the context of developing capacity for a drug treatment facility.

The authors argue that a hypothetical drug treatment facility can be modeled

assuming: (1) arrivals come in a random but constant way (using a Poisson

distribution), (2) if a bed is available, they will undergo treatment and otherwise

will wait, (3) and that services require a predetermined time to complete. The

number of “servers” in this example represents the number of beds. Other assump-

tions include that the wait list is infinitely large, the arrival rate and the number of

clients treated is independent, and clients are not triaged but cared for on a first

come first served basis.

Queuing theory output is in the form of distributions of events, rather than

summative averages, as we obtain using Little’s Law. This allows one to ask

complicated questions of the output, such as the distribution of wait times, the

longest potential wait time, or the number of arrivals who had to wait more than a

certain unacceptable length of time. In Foster et al.’s worked example, they

demonstrate that with an arrival time of 1 patient per day, a length of treatment

of 28 days and 32 beds available, about one-third of the time the facility is full,

two-thirds of patients do not have to wait and among those who do wait, the

expected wait time is about 4 days. Only about 6 % of patients wait more than

1 week for treatment [49]. Foster et al. [49] also provide MatLab programming to

build this model.

In our case, the hospital administrators are responding to the emergency room’s

concern that patients are waiting too long to be transferred. Under current condi-

tions, we could use queuing theory to answer questions about our ICU patient flow

and alternative arrangements. For example, we could estimate what proportion of

emergency room patients must wait more than 1 h for a bed and at what times of

day. We could calculate what proportion of patients would have a similar wait

under the length of stay benefit from the worked example of the spontaneous

breathing trial/spontaneous awakening trial in the previous section. We could also

calculate whether an increase in the capacity to 30 beds from 20 beds would change

this. Queuing theory provides tools to begin to flesh out more complicated models

for understanding how patients arrive, interact, and move through the ICU.
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Simulation

Queuing theory’s utility begins to decrease when the initial modeling assumptions

start to fall apart. For example, consider how patients are triaged in the ICU and the

interconnectedness of triaging decisions to the acuity and volume of other patients

in the ICU. The same discharge process may take 30 minute or 3 h, depending on

how critically a bed is needed. Assuming all patients are triaged the same way in a

queuing theory model (e.g., first come-first serve, a common assumption made in

queuing theory) may be very inappropriate when attempting to understand the

nuances of patient flow in the ICU. Simulation allows for even greater complexity

in modeling patient flow, such as varying patient acuity. Approaches include static

models, such as Monte Carlo models that generate a result in a specific point in

time, dynamic models that are able to evolve over time, stochastic models that have

probabilistic variables, and models that make use of time in a discrete or continuous

way [50]. Our experience is that simulation models, particularly approaches like

discrete event simulation, are also easier to explain to clinicians and administrators,

having less of a “black box” component than approaches that rely more heavily on

equations. Examples of different models in health care include examining the

staffing and workflow changes in two hospital-based pharmacies [51], a model of

ICU capacity and operative wait times for surgeries necessitating an ICU stay [52],

and operating room scheduling designs [53].

Costa et al. [54] describe a helpful model of ICU bed capacity, relevant to our

case example. The details of their model are beyond the scope of this chapter, but

provide an example of how one may build a simulated environment that reliably

reproduces real-world outcomes. Prior to physically building additional ICU beds,

they used their simulation to understand the effects of each additional bed. Their

model used classification and regression tree (CART) analysis [55] and queuing

theory in combination. They concluded that increasing the number of ICU beds

from five to ten would drop hospital transfer and ICU denial rates down meaning-

fully [54]. Just as important, however, they found that if they built 12 or more beds,

this expansion would be at the expense of reasonable occupancy rates [54]. One

could conduct similar analyses in our case example, creating a model that asked

exactly how many additional beds are needed in our ICU (and how many is too

many)—before committing the capital to actually build beds.

Other authors have used models to level variation in ICU admissions by under-

standing elective surgical cases that require ICU care postoperatively [56,

57]. Kolker [56] modeled the effect of smoothing the number of elective surgical

cases across days of the week and found that they could reduce the number of

surgical cases that were diverted to other days due to unavailable ICU beds from

10 to 1.5 %. Of interest, they found queuing theory to be inadequate to their task as

they believed the distributional assumptions necessary for the model did not allow

for the hour-to-hour variation in ICU admissions. Another pediatric team who also

targeted elective surgical cases to smooth variability in ICU admissions used

discrete event simulation to develop and understand the problem [57]. From a
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patient’s perspective, once the organization smoothed the number of elective

surgical cases to five cases per day, patients nearly ceased having their surgery

cancelled due to lack of ICU bed: in 2 years’ time, only 10 cases were cancelled

while 55,000 cases were completed [57].

Conclusion

Inattentiveness to patient flow leads to rationing without contemplation. Providers

in ICUs should carefully contemplate patient flow and its interconnectedness to

other aspects of the hospital. Failure to appropriately measure and improve patient

flow has well-documented, harmful effects on patients both in the ICU and waiting

for care in the ICU. Tools exist from manufacturing and operations research allow

us to understand, measure, and model patient flow, and to use this understanding to

make meaningful improvements in real-world ICUs.

Case Study: Using Patient Flow to Improve Patient Care

Without Building Beds

Beginning in 2006, our institution, an urban, tertiary care teaching hospital in

Boston, Massachusetts, with 77 ICU beds and about 600 hospital beds, tackled a

number of challenges to improve patient quality and flow. We worked sequentially

on improving care for patients with sepsis [58], preventing central line infections,

preventing ventilator-associated pneumonia, and implementing a rapid response

team [59], along with other quality interventions. Additionally, we collaborated

with other services in our hospital, particularly the emergency department and the

medical floors, to reduce delays in the length of time ICU patients waited for beds

on non-ICU floors [60].

The result was an improvement in ICU length of stay, ICU throughput and

mortality (Fig. 11.3a–c). Earlier efforts to meet the clinical and patient level

demand for ICU care had revolved around building additional beds, as seen in

Fig. 11.3d, between 2004 and 2006. With the interventions described above, we

were able to care for more than 1,000 additional ICU admissions per year, without

building any additional ICU beds. In fact, our hospital had planned and budgeted

for a capital expense of several million dollars to build a new ICU, but was able to

avoid this expenditure entirely.
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Chapter 12

Rapid Response Systems

Ken Hillman and Jack Chen

Abstract A rapid response system (RRS) is a way of identifying a seriously ill or

deteriorating patient and linking it to a rapid response by clinicians with the

appropriate skills and knowledge necessary to manage the patient. Like ICUs, the

widespread implementation of RRSs is simply another intervention, developed

around the needs of seriously ill or deteriorating patients. It is no coincidence that

many of the systems are operated by clinicians trained in intensive care medicine.

The level of illness and outcomes for patients in intensive care and those subject to

rapid response calls is comparable. In other words, whether in the ICU or outside it,

these patients require clinicians with high levels of skills, experience, and knowl-

edge. There is, as yet, no conclusive data on the most accurate triggering criteria, or

on the ideal responding staff. There is some early evidence that hospitals with RRSs

significantly reduce the mortality and cardiac arrest rates and the concept has now

been adopted in many hospitals around the world.
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Acute hospitals have been around for centuries. Until about the time of the Second

World War, they mainly provided bed rest and convalescence for the poor [1]. Then

began an explosion of medical advances including complex surgery and proce-

dures, safe anesthesia, the increased availability of drugs as well as sophisticated

diagnostic and monitoring equipment. In order to support patients with high levels

of illness and monitoring, the first intensive care unit (ICU) was established in

Copenhagen in the early 1950s [2]. Artificial ventilation was used to support

patients with poliomyelitis. As a result, the mortality was reduced from 89 to

40 %. The concept of intensive care quickly spread to other parts of the world.

Firstly, as a distinct geographical site, then with specialized and formally trained

medical and nursing staff. Intensive care medicine is now recognized as a distinc-

tive and independent specialty with its own societies, textbooks, journals and

conferences.

At the same time, the nature of acute hospitals was rapidly changing [1] and

sub-specialization of medicine and surgery resulted in great advances in what we

could offer patients in terms of complex diagnostic and therapeutic procedures. The

ageing population could be kept alive for much longer as a result of better public

health as well as modern medical drugs and interventions. Thus the nature of the

hospital population also changed. There were no longer many younger patients with

single acute disease states. They were older, often had significant chronic illness,

and were being subject to complex interventions and powerful drugs with many

potential side effects. Similarly, the population of patients managed in ICUs

changed. Within a decade or two after the development of ICUs, we had moved

from managing a small number of seriously ill patients in intensive care environ-

ments, who were usually young with a large potentially reversible disease compo-

nent, to large ICUs that mainly treated older patients with a large chronic disease

component.

At the same time, and almost imperceptibly, there were other changes. Hospital

bed numbers decreased; the length of stay decreased; and patients on the general

floors had a high level of illness, having interventions with a high rate of

complications.

Failure to Match Level of Illness with Appropriate Care

The changing nature of the hospital population was not matched with more appro-

priate systems of care. In most cases, patients were still admitted “under” a single

specialist who worked with a team of nursing staff, paramedical ancillary staff and

usually the 24 h presence of medical cover of varying degrees. It could be a

hierarchy of doctors in training or hospital employed doctors with more general,

rather than specialized skills. This coincided with even greater sub-specialization of

admitting practitioners.

We soon found ourselves with a specialist, in say neurology, having a patient

admitted under them who had developed line-related sepsis. Suddenly he and his
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trainees are confronted with a seriously ill patient who they may not even recognize

as seriously ill, let alone be familiar with the latest guidelines for treating sepsis as

well as having the necessary procedural skills to support the patient’s level of

illness. Not wishing to isolate this problem to neurologists, the same applies to other

hospitalized patients under the care of different specialists. Compounding the

problem, patients now usually had multiple chronic problems or co-morbidities.

During hospitalization, any of these may suffer an acute exacerbation. Patients,

particularly elderly “medical” patients, may be randomly admitted under a special-

ist familiar with that organ; whereas the other organs contribute to the total level of

illness. Similarly, with surgery. The technical aspects of the surgery are usually

carried out in a competent way. However, the major risk for surgical patients is

often their multiple co-morbidities. As a result, the best that can often be offered to

a patient with multiple co-morbidities is a committee-type approach with the

admitting specialist requesting consultations for all the other medical problems

outside his area of specialization. The expertise to care for the seriously ill or at-risk

patients remained largely in places where physicians with these skills practiced

such as in emergency rooms (ERs) or ICUs.

Hospitals Are Dangerous Places

There was little in the way of systems operating across the whole organization to

deal with the changing nature of the hospital population. The level of complexity of

illness in hospital patients was not matched by appropriate medical skills and

expertise. It is not surprising then that an unacceptable rate of potentially prevent-

able deaths and serious adverse events were beginning to be reported [3–5]. These

events were system related [6]. A system developed in the nineteenth century on the

general floors of hospitals was being used to manage a very different and at-risk

population of patients.

Many deteriorating patients were unrecognized and remained untreated on the

general floors of acute hospitals. The basic principles of acute medicine were not

available for at-risk patients. Up to 40 % of admissions to ICUs were found to be

potentially avoidable because of sub-optimal care related to lack of organization,

lack of knowledge, and failure to seek advice [7]. It is also not surprising that delays

before admission to the ICU were responsible for an increase in mortality

[8, 9]. Many even failed to survive to ICU admission. As early as 1978 it was

noted that vital sign disturbances preceded many patients who suffered an

in-hospital cardiac arrest [10]. Up to 84 % of patients who had a cardiac arrest on

general floors had documented deterioration within the 8 h before the arrest [11].

Approximately half of all patients who died in hospital, and who did not have a

do-not-attempt resuscitation (DNAR) order, had severe vital sign abnormalities

before they died which were not responded to appropriately [12].
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Early Intervention in the Seriously Ill

It became obvious that the problem was the delay in recognizing and treating

seriously ill and at-risk patients. The wrong people with the wrong skills at the

wrong time. In the 1980s and early 1990s this was overlooked. Intensivists were

still practicing within the four walls of their ICU [13]. It was hypothesized that if

seriously ill patients were given supranormal levels of oxygen delivery and aggres-

sive resuscitation after their admission to the ICU that their outcome would improve

[14]. This was later proved to be incorrect [15, 16]. Careful reading of these studies

suggests that many patients admitted to both the treatment and control groups had

prolonged untreated hypotension and delayed admission to the ICU.

Tissue ischemia often begins outside the ICU environment. It is the basis of the

“golden hour” concept which emphasizes one of the most important principles of

acute medicine—to rapidly restore oxygenated blood flow to tissues. Ischemia and

hypoxia are known to initiate the cytokine cascades which eventually result in

multiorgan failure [17].

Initially research on the specialty of intensive care was confined to patients

within the four walls of the ICU. We are now increasingly evaluating improvement

in patient outcomes as a result of early intervention [18]. Patient-centered system

change before admission to the ICU is often more effective than magic bullets

administered to the seriously ill after admission to the ICU [19].

The Limitations of the Cardiac Arrest Team Concept

In spite of the increasing number of vulnerable patients in acute hospitals, the

compelling data showed that there were many potentially preventable deaths and

serious adverse events, and the fact that it was mainly a systems issue. The only

patient-centered, organization-wide system for many years was the cardiac arrest

team. Up until the mid-1990s, and despite the obvious data about patients deteri-

orating on general floors, practice in intensive care was confined to procedures

within the ICU such as inserting a pulmonary artery catheter and supporting

patients with powerful drugs and machines. Perhaps some units also participated

in the delivery of cardiopulmonary resuscitation (CPR) on the general floors of

hospitals [20].

While CPR was an advance after a patient’s heart had stopped, the initially

reported high success rates were mainly in young, otherwise fit patients whose heart

had stopped while being anesthetized [21]. This was at a time when anesthesia was

considered dangerous and not the specialty it is now where deaths under anesthesia

are a rare event requiring intense investigation. Moreover, patients in the operating

rooms were being closely monitored on a 1:1 basis. Nevertheless, the concept of

CPR soon caught on and was delivered “anywhere and anytime” where a heart was

thought to have stopped. Unfortunately, most patients who have in-hospital CPR
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die before they leave hospital and the prognosis has changed little since CPR was

first introduced [22], despite huge sums being spent on researching the best ways to

perform it and prolonged discussions by national bodies on the best way to

deliver it.

Unfortunately in the excitement of delivering CPR, it is sometimes overlooked

that for many patients it is simply the final event of the dying process [22]. Never-

theless, CPR became a medical icon. Many medical dramas on television reported

success rates of about 70 % as opposed to the reality of less than 15 % [23]. It has

also been estimated to cost up to $600,000 per survivor, one of the most expensive

interventions in health [24]. One also has to question why we spend so much time

on designating patients as DNAR, when the procedure itself is almost universally

unsuccessful in patients who are naturally dying.

The Need for an Improved System

Silo delivered health care can be a strength in a hospital. Individual doctors taking

responsibility for individual patients; the pride in organizing a well-run ICU; and

the feeling of belonging to a team within its safe hierarchies. Unfortunately silos

can also be a weakness in patients with complex problems outside the expertise of

individual organ-based specialties, where the patients are deteriorating and begin-

ning to fall between the cracks. For many years the only response to seriously ill

patients was the cardiac arrest team after their heart had stopped. It is not difficult to

construct a new system around the needs of patients.

The first system to be constructed around a patient’s needs was developed at

Liverpool Hospital, Sydney, Australia in the early 1990s [25, 26]. An at-risk patient

was defined from data available from studies around the antecedents before death

and cardiac arrest. The urgent response was simply provided by the old cardiac

arrest team which changed its name to the Medical Emergency Team (MET).

The system thus consisted of two major components—the calling criteria which

defines a seriously ill, at-risk patient and a rapid response to that emergency [27].

The Calling Criteria: Or Afferent Limb

The first reports of a rapid response system (RRS) included many diagnostic,

metabolic as well as vital sign abnormalities [25]. These criteria were soon refined

to simple vital sign and observational abnormalities [26] which remain the basis of

all RRSs to this day.

The criteria usually include vital sign measurements considered outside a range

that would be considered “safe.” There is little research on the exact sensitivity and

specificity of these levels but interestingly there has been almost universal agree-

ment on the approximate levels that are considered to indicate a patient at-risk [28]
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such as a pulse rate (low 40–50; high 120–140), respiratory rate (low 4–6; high 25–

35), and blood pressure (low 80–90).

Not many calling criteria include temperature or high blood pressure as being

immediately life-threatening. Oxygen saturation is also often added as a criteria. It

is important to recognize that serious illness is not only defined in terms of

abnormal numbers. Abnormal observations are equally important. These include

airway obstruction and a sudden fall in the level of consciousness. The only

diagnostic category that seems to indicate an immediate and life-threatening criteria

and perhaps not identified by other abnormal criteria is seizures.

Urine output is also sometimes included but is subject to inaccuracies in a

general floor environment. Finally, and arguably the most important criteria is

“concern.” In mature RRSs, the “worried” or “concerned” criteria is the most

common reason for urgent assistance [29, 30]. This is not surprising as clinical

impression remains an important part of the practice of medicine. Sometimes

numbers do not define the level of illness and consequent concern by a clinician.

Nursing staff account for most rapid response interventions and experienced nurs-

ing staff develop the same clinical impressions around serious illness that experi-

enced doctors do. Moreover, the presence of the “worried” criteria empowers

nursing staff to call for immediate help in a way that was not possible when there

was only a cardiac arrest team.

Apart from the high percentage of calls for “worried,” the order of frequency in

the largest study on RRS calls [30] were for decreased level of consciousness,

decreased systolic blood pressure, changes in respiratory rate, and changes in pulse

rate. The rates for airway obstruction and seizures were lower but obviously can

have immediate fatal consequences if not attended to appropriately.

Vital Signs: Their Role in Guaranteeing Patient Safety

The recording of vital signs is the most common intervention in hospital health

care. It has been an important part of health care in hospitals for over 150 years

[31]. Despite that, there has been almost no research on its utility or cost. One of the

early studies challenged the routine measurement of respiratory rate suggesting that

it was an unreliable, largely useless routine, which has been continued wholly

because of tradition [32]. It went on to suggest that the elimination of erroneous

information would save 3.5 million hours of nursing time in US hospitals.

The introduction of RRSs attracted overdue attention to the measurement of vital

signs as they were an important part of the criteria for triggering an urgent call.

In the largest study on RRS [33] it was shown that there were failures in the

measurement, documentation, understanding and communication of vital sign

abnormalities. There was marked variability across the 23 hospitals involved

ranging from 0 to 64 % of any vital signs not being measured before death, cardiac

arrest or admission to the ICU [34]. Respiratory rate was three times more likely to
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be missing than heart rate or blood pressure. Other studies have also shown

incomplete and infrequent documentation of vital signs [35–38].

Obviously urgent responses to abnormal vital signs cannot be made if they are

inaccurately measured or not measured at all.

The Most Appropriate Criteria for Triggering a Rapid

Response

While there is general agreement around the use of abnormal vital signs and

observations as triggers for urgent responses, there is little knowledge around

what is the most appropriate [27]. Apart from abnormal vital signs and observa-

tions, there are studies which are beginning to also use laboratory tests to improve

the power of predicting at-risk patients [39].

The only extensive evaluation of RRSs have used single criteria triggering [40,

41]. However, problems with specificity and sensitivity have prompted some to use

complex composite scoring systems. Many studies have shown improved sensitiv-

ity and specificity when correlating abnormal criteria with specific end-points but

none have demonstrated that these improve patient outcome [42–46]. Moreover, the

use of scoring systems rather than single criterion triggers are inaccurate in their

calculation [47, 48]; as well as introducing significant intra and interrater reliability

error [46].

Not only can they be complex and inaccurate but they focus on a number rather

than observations (e.g. seizures and airway obstruction) and ignore the most

important trigger—clinician concern [29, 30]. Scoring systems reinforce the tradi-

tional nursing role as a passive recorder of numbers rather than encouraging and

emphasizing their clinical judgment. In the same way that reducing a physician’s

judgment of the seriously ill to a score and ignoring their clinical judgment would

be unacceptable.

Some centers are now expanding on the concept of calling when clinicians are

concerned to encouraging patients and their families to also activate an urgent

response when they have serious concerns [49]. While it is early days, there does

not appear to be a high rate of trivial calls.

Concentrating on the perfect score or single trigger probably overlooks the most

important impact of a RRS—the change in the culture of an organization which

moves from a traditional hierarchical and silo-based system to one where there is

universal awareness that there are at-risk patients and there is a system where urgent

help can be summoned at any time by any member of the organization.
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The Rapid Response

As with developing the most appropriate criteria for defining a seriously ill patient,

there are many forms of a rapid response. Some systems simply change the name of

the cardiac arrest team to a rapid response team (RRT). The advantage is that

presumably the RRT would require the same advanced resuscitation skills, knowl-

edge and experience as most cardiac arrest teams. Moreover, as the RRS develops,

the incidence of cardiac arrests decreases and there is less need for a specific cardiac

arrest team [41].

Other systems maintain a separate cardiac arrest team and have a separate RRT.

There are also reports of separate teams for issues such as a threatened airway

[50]. In specific geographical environments such as ERs, the team may consist of

local staff [51]. There is even a report from a patient who called for emergency

paramedical ambulance assistance from his hospital bed [52].

In a project where over 250 hospitals in one health jurisdiction has had a

standardized RRS implemented, there is the challenge of using available resources

for the rapid response [53]. In the smaller hospitals, the responding doctor is a local

family practitioner. In even smaller hospitals where there was no doctor in the town,

nursing staff or local ambulance staff are the first responders. They have specific

advanced resuscitation training enabling them to resuscitate and stabilize seriously

ill patients until an appropriate medical team arrives.

The same project uses a two-tiered response, where certain levels of vital signs

and observations, lower than the usual triggers for a rapid response, are used as

triggers for a “home” team response. The appropriately trained RRT is always

available as a back-up to the home team if they request it or when more serious

triggers are met [54].

The largest study describing the nature of interventions by the responding team

demonstrated that of the 2,376 interventions, all but five required critical care

procedures such as intubation, central line insertion, and administration of vaso-

pressors [55]. Obviously, in this case most “home” teams would not have all those

skills.

The nature of the responding team would vary for each hospital but the principle

behind the composition of the team is the same in each case. The nature of the

patient’s illness needs to be defined first and this determines the appropriate skills,

knowledge, and experience needed to address the needs of those patients. Then at

least one member of the responding team needs to possess all of those attributes and

needs to be available 24/7 [54]. It is not surprising then that most response teams

have focused on ICU-based teams [41].

There have been suggestions that widespread education programs to train all

hospital-based medical staff may be appropriate. In theory, this may be feasible but

it would require enormous resources in terms of time and funding to continually

train the rapidly changing population of hospital clinicians to a level of competence

where they could deal with all aspects of serious illness. Moreover, in a time of

increasing medical specialization it is hard to imagine that trainees could spend so
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much time training in a specialty very different from their own. It is estimated that

the cost to organizations of widespread training of CPR is at least $600,000

(US) per survivor [24]. Obviously, the training of personnel for all aspects of

advanced resuscitation would be more challenging than simply training in CPR.

Implementation of a RRS

Implementing a new system has many different challenges compared to introducing

a new drug or procedure. The implementation of an RRS is almost always done on

an organization-wide basis. In countries such as Holland, the United Kingdom and

Australia and in health regions such as Copenhagen in Denmark and Ontario in

Canada, the implementation process is on a much larger scale and involves many

more hospitals.

The largest implementation project so far has been in NSW, Australia [53]. A

standardized system has been introduced in over 250 different hospitals ranging

from large urban teaching hospitals to less than 10 bed hospitals in small towns

without a doctor.

The implementation process was based on a framework of five pillars.

1. Standardized Chart

A standardized patient vital signs chart was introduced into every hospital. On

the chart in the areas where pulse rate, respiratory rate, blood pressure, and

temperature are graphed, there is a red horizontal line at levels requiring an

urgent rapid response call and a yellow horizontal line at levels where the

“home” team needs to review the patient within half-an-hour. When the nurse

records vital signs within the colored zones an appropriate action must occur.

The chart also contains instructions about abnormal observations such as airway,

oxygen saturation, seizures, level of consciousness, and staff concern as triggers

for an urgent response.

2. Standard Response

Each hospital must have 24/7 availability of at least one person who has the

appropriate advanced resuscitation skills to manage every possible level of

patient illness in that hospital.

3. Education

Educational strategies are aimed at three different levels. Firstly, every staff

member in the hospital must be aware that such a system exists and that they

may have occasion to activate it. Approximately 5 % of all calls can be for staff

or visitors in areas such as the car park or cafeteria (unpublished observation).

The education program is a simple one and part of everyone’s orientation. A

second level of education is aimed at frontline clinicians—doctors and nurses

[56]. Unfortunately undergraduate education around the management of the

seriously ill is often poor [57, 58] and education of trainee medical staff also

needs improvement [59]. A universal program aimed at frontline staff can
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concentrate on issues such as the importance of recognizing serious illness early

and how to deliver some of the less complex interventions until personnel with

appropriate training arrive. Education programs supporting RRSs have been

shown to reduce mortality [60]. The third educational strategy aims to teach a

small group of staff the appropriate advanced resuscitation skills necessary to

deal with all possible levels of illness within each organization. Specific training

is often not required in larger hospitals as they have resources such as staff in

ICUs. However, smaller hospitals have to identify appropriate staff (e.g. family

practitioners, nurses, local ambulance personnel) and arrange appropriate train-

ing and maintenance of skills enabling them to resuscitate and support a patient

until support arrives.

4. Governance

The implementation of a patient-centered, organizational-wide system is a

relatively novel challenge and involves the whole hospital in various ways. A

senior person, such as the Chief Executive Officer of an organization, should be

made responsible for the implementation and effective maintenance of the RRS.

This usually involves establishing an overseeing committee structure, support

for the extra infrastructure and resources necessary to maintain the system as

well as the collection, analysis and targeting of key performance indicators

(KPIs) which evaluate the effectiveness of the system.

5. Key Performance Indicators

Health systems often pay nominal attention to the importance of KPIs. They are

often no more than collated administrative data which tells us how many patients

are admitted to hospital; their demographics; what procedures occurred; the

average length of stay; and waiting times for various procedures. They tell us

little about the clinical performance of a hospital; how systems are performing;

and how safe the hospital is.

Clinical outcome indicators are crucial to ensure quality clinical practice

[61]. Unfortunately the lack of reliable patient outcome data makes it difficult

to improve practice or implement “quality improvement” strategies as there is no

benchmark to work with [62, 63]. The lack of reliable patient outcome data and

reliance on administrative data leads to cynicism in the workforce and defines

our health system in a distorted way. This is exacerbated by whatever data is

collected locally being sent up the system to distant administrative outposts who

have little clinical and contextual knowledge and who interpret the data in terms

of business models.

An RRS gives us a unique opportunity to evaluate not only how well the system is

working but also the safety of the hospital. An RRS can be looked at as a safety net.

No matter what clinical course or complications the patient suffers, they will always

deteriorate in a predictable and generic way. No matter what the cause of the clinical

situation, eventually it will be detected in the form of abnormal observations or vital

signs. The level of illness detected will depend on the levels at which the vital signs

and observations are set. In other words, we have a system which not only defines the
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patient problem but also reacts to it. This is different to research which concentrates

on defining the problem without connecting it to an answer [3, 64].

An RRS is designed to improve patient safety and specifically to prevent

potentially preventable deaths and serious adverse events. Even without an RRS

there are important patient events that the health care system should be aware

of. Having a system that not only defines an at-risk patient but has a built-in action

or efferent arm enables us to measure these incidents in a way that previously has

not been possible.

Crude death rates expressed in per 1,000 hospital admissions have been utilized

for many years as a way of comparing hospitals. It has the obvious shortcomings of

being related to the nature of the patient population. A hospital that only deals with

complex cardiothoracic surgery and advanced cancer will have a higher death rate

than a hospital dealing with elective orthopedics in young patients.

The use of standardized mortality rates can deliver more meaningful data on

patient outcome but has many shortcomings [65]. One of the most important

shortcomings when interpreting mortality is the highly variable incidence of des-

ignating patients as DNAR and the fact that these patients are not excluded from

mortality data despite the fact that systems are not designed to keep these patients

alive and their death is not a marker of patient safety except as ensuring that they die

without pain and suffering [66]. An RRS is obviously not aimed at prolonging the

life of patients where it is deemed futile. Patients who have died without a DNAR

are defined as “unexpected.” This not only makes death rates more useful but

becomes a useful tool for evaluating rates of DNAR orders. The next step is to

define “potential preventability.” This is arbitrarily done by examining the notes of

the last 24 h in patients who have died and determining whether they had any

calling criteria that were not responded to or where the call was delayed. Thus we

now have a powerful agent for evaluation and change in a system—the rate of

unexpected, potentially preventable deaths, expressed in terms of per 1,000 admis-

sions [62, 67]. The same definitions can be used to define “unexpected, potentially

preventable cardiac arrest.” In a well-functioning RRS, the occurrence of a cardiac

arrest is a sentinel patient safety event which deserves thorough investigation. The

arrest may have been in a patient who should have been made DNAR and was not;

or in a patient where it was potentially preventable. This leaves a small minority of

patients who have had a sudden cardiac event, not preceded by any warning and

who was in an unmonitored area.

Admission to the ICU from the general floors has been used to evaluate the

effectiveness of an RRS [34, 68]. Unfortunately it is difficult to interpret. While

early calls with an efficient response may reduce admission to an ICU, delayed calls

may prevent deaths and cardiac arrests but may increase admission rates to the

ICU [69].

The use of these indicators can also be extended to better define concepts such as

the placement failure. For example, patients who have been initially admitted from

the ER to a general floor and are the subject of a RRS resulting in admission to ICU.

Or even more serious, patients who are admitted to a general floor from the ER who

die or have a cardiac arrest.
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Death audits can be conducted in a way which enables the crude death rate to be
refined and actually used as a tool which informs the system of areas for improve-

ment. For example, all deaths can be separated into those with and without DNAR

orders. Those with DNAR orders can then be examined for potential preventability
and be used as a basis for rapid review and adjustment to the system.

An important finding has been the strong relationship between the number of
calls per 1,000 admissions and the reduction in the number of deaths and cardiac

arrests [40, 70–72]. This becomes a powerful indicator of the effectiveness of

implementation of the RRS in an organization. Mature systems achieve at least

40 calls per 1,000 admissions.

It is crucial that data collected by clinicians involved in the system have access

to that data in order to identify weak points and to continuously improve the quality

of care [62]. The data around the RRS encounter should be entered at the time of the

call, e.g. place of call, reason for call, interventions performed and immediate

outcomes [67]. Similarly, the information could be entered in real time around

whether DNAR orders had been made and noting any criteria within 24 h of the call

that had not resulted in a response. This data should be entered, analyzed, and

targeted to all levels of the organization in a format that is easy to understand and

that facilitates change [62]. Data entry could be facilitated by software with drop-

down boxes enabling the responder to immediately enter the data in the easiest way

and eliminating the need for a paper-based system and separate data entry and

analysis.

Acceptance of System Change

It is hard to imagine why a system, which is constructed around the pressing needs

of deteriorating patients, would not be readily accepted. After all, the introduction

of a new drug or procedure is often embraced by clinicians. Perhaps this is because

it fits in with the traditional doctor: patient relationship, where the doctor makes a

final decision in the interest of the patient to utilize the new drug or procedure.

Whereas acceptance of a new system which is organization-wide is relatively

foreign to clinicians. Cardiac arrest teams have been accepted because there is

not much to lose once the heart has stopped but for admitting physicians to give up

the management of their patient before their heart stops is more difficult. Clinicians

had traditionally managed every aspect of their patient’s care unless they sought a

formal consultation from another specialist. One of the problems was that the

admitting physician and their team had difficulty recognizing the deteriorating

patient [7, 11, 12, 73] and even then, they often did not have the necessary advanced

resuscitation skills required to manage the seriously ill patient. This was not

necessarily a shortcoming, just a predictable result of medical specialization and

the difficulty in maintaining skills, knowledge and experience in specialties outside

their own.
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Another issue is that hospital-wide systems which usurp part of their patient’s

management had to be organized by other medical specialists, hospital administra-

tors or, at a wider level, by governments and patient safety organizations. All of

these present a potential threat to patient ownership and imply a dictate from

outside and a threat to the traditional doctor: patient relationship. These factors

were a great impediment for many years in the adoption of RRSs. As well as threats

to professional silos and professional control over individual patient care, other

barriers to the implementation of an RRS include a failure to view errors as products

of the system rather than individual mistakes [74, 75].

In summary, medicine is relatively resistant to system change. For example, it took

trauma systems 10 years before they demonstrated a decrease in mortality [76–78].

It would be fair to say that health has little knowledge or experience on how to

implement a new system as opposed to introducing a new drug or procedure. There

are other interesting factors that we are only just beginning to analyze. For example,

the results of the largest study of the implementation of an RRS showed a large

variability in the success of implementation across the interventional hospitals [33,

79]. Some made remarkable improvements in reducing deaths and serious adverse

events between baseline and the study’s end. This large variability was the main

reason why the study was inconclusive. We have little knowledge about what are

the characteristics or culture of organizations which facilitated the impressive

implementation compared to ones that failed. Because health has little experience

with organization-wide system implementation, it may simply be related to the time

necessary to successfully implement. For example, one hospital which showed no

statistical improvement in patient outcome during the MERIT trial [80] experi-

enced gradual improvement over time [81]. Other drivers to change come from

societal expectations and national safety bodies [82–84].

Perhaps the greatest driver for change is by the nursing staff directly caring for

the patients [85]. Nurses no longer have to wait for the patient’s heart to stop before

calling for urgent assistance. Most calling criteria in RRSs now include “nursing

concern.” This accounts for approximately half of all calls. After almost 150 years,

nursing staff are now empowered to translate the concern they have for their patient

into urgent action.

Finally, there needs to be much more work around optimal implementation

strategies; the effect of organizational culture on the success of implementation;

as well as the influence of the implementation of systems across the whole hospital

on the culture of the organization.

Moving to a Patient-Centered Approach

A RRS is one of the first patient-centered, organization-wide systems. Its imple-

mentation occurred as a result of urgent patient needs without being subject to the

usual hierarchical and silo-based practice that occurs in hospital. It exposed the

reality that a clinician specializing in one area does not necessarily have the
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knowledge, skills and experience to practice outside that specialty. Moreover, it

exposed the similarly inadequate medical hierarchy working within the usual single

doctor: patient construct. While medical trainees may have a broader range of skills

and knowledge than the specialist they are working with, most studies demonstrate

that these skills are not adequate to deal with the complexities of a seriously ill

patient. Similarly, the need and implementation of RRSs exposed the passive role of

nursing staff where, for many years, they had been reduced to documenting serious

patient deterioration but were not empowered to act effectively. They were

constrained to referring to a slow and inappropriate hierarchy of medical

practitioners.

A similarly potentially dangerous situation exists for patients being managed at

the end-of-life (EOL) in acute hospitals [66, 86]. Not only is it often performed

poorly but is one of the most important challenges facing critical care and health

generally [87].

The presence of an RRS exposes the weakness in our management of patients at

the EOL [88, 89] where up to one-third of all rapid response calls are for issues

around EOL care associated with limitations of medical therapy [90]. RRSs have, in

many cases, become the surrogate dying team. Thus not only is there a problem

around inappropriate management of deteriorating patients who have a potentially

reversible cause of their illness but an RRS also exposes the inappropriate recog-

nition and management of patients at the EOL.

There is early work on developing similar patient-centered systems to deal with

this issue, employing the same generic components used in the implementation of

an RRS. Firstly, defining those patients at the EOL, using agreed criteria;

constructing an efferent response such as placement on a palliative care pathway;

implementation in a multidisciplinary way across the organization; educating those

involved in the system; and finally developing KPIs which accurately reflect the

effectiveness of the system and empowering those responsible for the system to

make the necessary adjustments and improvements.

Do RRSs Work?

An RRS is simply a system to manage seriously ill patients, the same as an ICU.

The major difference, of course, is that an ICU is a geographical construct

[13]. Both identify and treat patients who have life-threatening illnesses. In fact

the level of illness and mortality rates of patients who are subject to an RRT is much

the same as those in an ICU [91, 92]. The boundaries between whether a patient is

seriously ill on the general floor and in an ICU have blurred. The hospital popula-

tion has become older with more chronic health issues and the criteria for admission

to, and discharge from, an ICU are extremely variable between countries or even

within ICUs in the same city. Some hospitals have many ICU beds and a relatively

low number of general floor beds and vice versa. And some hospitals have a high

proportion of seriously ill patients compared to others. In the largest study on RRSs,
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of the 2,500 urgent calls only five did not require advanced resuscitation interven-

tions delivered by skills usually confined to places like ICUs [54].

Even so, RRSs have been subject to more evaluation than ICUs. Most of single-

center, before and after studies have shown a marked reduction in cardiac arrest

rates [60, 70–72, 93, 94] and a significant relationship between the number of calls

(dose) and reduction in deaths and cardiac arrests [40, 95] (response). The largest

cluster randomized controlled trial was inconclusive and underpowered [33], but it

did demonstrate a reduction in death rates in the adult intervention hospitals

[40]. The most extensive meta-analysis demonstrated a significant reduction in

cardiac arrest rates in adult hospitals as well as a reduction in cardiac arrest and

death rates in pediatric hospitals with a RRS [41]. These reductions were around the

30 % rate. While there are always problems with how to interpret research, it is

difficult to imagine any other intervention of any kind achieving such an effect in

acute hospitals.

Just as a randomized control trial evaluating the effectiveness of admitting

seriously ill patients to an ICU would almost certainly not be ethical, it is hard to

imagine that ethics committees would allow a comparison of patients between those

who have an early intervention by appropriately skilled personnel compared to

those with no intervention. Nevertheless, there needs to be further research around

the most appropriate triggering criteria; the most appropriate skills, knowledge and

experience of those who respond; and the most effective way of implementing

organization-wide systems designed around patient needs.
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Chapter 13

The Chronically Critically Ill

Shannon S. Carson and Kathleen Dalton

Abstract Chronic critical illness is a condition that affects an increasing number of

patients who suffer an acute illness or injury. Patients require prolonged weaning

from mechanical ventilation which is best achieved by daily periods of unassisted

breathing. They are at high risk of infectious complications, so infection control

measures are essential elements of their care. Hospital mortality for chronically

critically ill (CCI) patients is similar to that of patients who require mechanical

ventilation for shorter periods; however, 1-year mortality is greater than 50 %.

Fragmentation of care presents significant organizational challenges as hospital

survivors cycle between multiple post-acute care institutions. Associated healthcare

costs are significant, and the majority of those costs are covered by public pro-

grams. Patients and their surrogate decision makers should be made aware of long-

term outcomes and care needs and be engaged in a discussion of patient values and

appropriate goals of care.

Keywords Critical care • Critical illness • Critically ill • Mechanical ventilation

• Mechanical ventilator weaning • Outcomes assessment • Costs • Costs analysis

• Long-term care • Sub-acute care

In any intensive care unit, the majority of patients either survive their hospitaliza-

tion or die from their acute illness within a few days of ICU admission. However

between 10 and 20 % of patients will survive the early days of their ICU stay but fail

to recover enough to be discharged from the ICU. This is because they remain
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dependent on life-sustaining therapies and the high level nursing of the ICU setting.

For some patients, this dependence on life-sustaining therapies can last weeks or

months. These patients have become recognized as the chronically critically ill

(CCI) [1, 2].

CCI patients can be found in all types of ICUs, and risk factors are broad.

Prolonged mechanical ventilation for persistent ventilatory or hypoxemic respira-

tory failure is a common feature, so acute exacerbations of chronic respiratory

conditions such as COPD or obesity hypoventilation syndrome are risk factors.

However multiorgan failure due to severe illness or injury is a more common cause

of CCI than an exacerbation of chronic respiratory failure [3, 4]. The risk of CCI

increases with the number of organ failures such as renal failure or cardiac

dysfunction that often complicate ventilator weaning. ARDS and multilobar pneu-

monia are common risk factors as is persistent sepsis. Severe head trauma or

multiple traumas are common, as is multiorgan failure following cardiac surgery

or cardiac arrest. Nearly half of CCI patients are elderly [5]. This is a result of

increased susceptibility to acute respiratory failure beginning at age 65 and higher

risk of weaning failure in the elderly [6].

Regardless of what leads to their ICU admission, CCI patients usually develop a

common phenotype [2]. They are profoundly weak as a result of systemic inflam-

matory processes and disuse atrophy during weeks of being bedbound. A prolonged

catabolic state and feeding limitations contribute to weakness and general edema

[7], which in turn predisposes patients to persistent skin wounds. Delirium or coma

are present in as many as 62 % of patients and often persists beyond their ICU

admission [8]. Since most CCI patients require prolonged mechanical ventilation,

tracheostomies are usually required which limit swallowing and communication.

All of these clinical problems demand careful nursing attention. Even after liber-

ation from mechanical ventilation and ICU discharge, patients require further

prolonged care in step-down units or specialized facilities. There they remain

susceptible to recurrent episodes of nosocomial infections and respiratory failure

necessitating subsequent ICU admissions.

Since comorbidities and multiorgan failure are key risk factors for CCI, the

yearly incidence CCI has increased over the past decade as patients live longer with

chronic illnesses and critical care clinicians are more successful in resuscitating

patients with acute illness and injury [9]. With advanced age as the other key risk

factor, the incidence of CCI is expected to increase even more dramatically in the

next decade as the baby boom generation of North America advances beyond age

65. In one study, the number of patients requiring at least 4 days of mechanical

ventilation will exceed 600,000 by 2020, many of whom will proceed to CCI [10].

Data from the Agency for Healthcare Research and Quality (AHRQ) national

inpatient sample of U.S. hospitals (AHRQ National Inpatient Sample, 2010.

Accessed at http://hcupnet.ahrq.gov) indicate that out of 39 million admissions to

general acute care hospitals in 2010, 1.6 million underwent some form of respira-

tory intubation and mechanical ventilation, of which nearly one-half million

received mechanical ventilation for 96 h or more (Table 13.1). Of these, roughly

116,000 patients received tracheostomies or ECMO for respiratory failure
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following surgery or medical complications. Between 2000 and 2010 the number of

general hospital discharges increased by only 7.1 %, while discharges for PMV

patients increased by 50 %, and those with tracheostomies increased by 34 %.

Management of patients with CCI thus account for a growing share of hospital

resources.

Clinical Challenges

On a day-to-day basis, the clinical challenges of managing CCI patients are no

different than for any other patient in the ICU. The goal is to provide life support as

needed, to reduce support as tolerated, while limiting injury to other organ systems

by preventing complications in a deliberate and systematic way. The unique aspects

of management of the CCI patient relate to the significant extent of muscle atrophy

and weakness, including the respiratory muscles, and the greater length of time that

patients remain at risk for complications.

For patients requiring PMV, standard measures of readiness for spontaneous

breathing trials may not apply. After weeks of mechanical ventilation, they may be

able to achieve a reasonable frequency to tidal volume ratio on minimal support for

30 min, but this does not guarantee the endurance required to support extended

unsupported breathing. This lack of endurance can also complicate standard pres-

sure support weaning protocols. For this reason, weaning protocols relying on work

rest cycles with daily periods of T-piece or tracheostomy collar trials followed by

complete support with mandatory ventilation are advocated [11]. Results of a recent

clinical trial indicate that daily periods of spontaneous breathing result in shorter

weaning times than do weaning protocols using gradual decrements in pressure

support ventilation [12].

The optimal timing of tracheostomy placement remains a point of debate [13,

14]. It is a decision that can best be guided by individual patient circumstances.

Early tracheostomy might be advocated for a younger patient with severe lung

injury for whom prolonged ventilation is anticipated and likely to be accepted by

the patient and surrogate decision makers. Later consideration of tracheostomy may

Table 13.1 Increase in discharges with ventilation procedures

2000 2010 10-year increase (%)

Any intubation and mechanical ventilation 952,083 1,638,210 72

Prolonged acute mechanical ventilation

(96+ hours)

298,168 447,285 50

Tracheostomy, excluding those for head

and neck procedures

86,911 116,491 34

All hospitalizations 36,417,565 39,008,298 7

Rows defined by presence of ICD-9 procedure codes

Source: AHRQ National Inpatient Sample for 2010
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be more reasonable for a patient for whom the need or desire for prolonged

ventilation is less certain.

A tracheostomy will also facilitate efforts in ICU-based physical and cognitive

therapy. The benefits of mobility interventions in mechanically ventilated patients

have been demonstrated in one randomized trial and several cohort studies [15,

16]. The benefits of cognitive therapy to improve long-term cognitive function are

currently being studied. Given that long-term cognitive and physical limitations are

worse in CCI patients than in the general population of mechanically ventilated

patients, these ICU-based interventions may benefit CCI patients the most.

The approach to nutrition in CCI patients should also differ from other ICU

patients. If sepsis and other catabolic processes have resolved, their overall caloric

needs may have decreased, yet adequate protein replacement will remain a priority

[7]. Indirect calorimetry may be more useful in CCI patients than in the general ICU

population to help avoid overfeeding and needless demands for CO2 elimination.

Prolonged limitations in gut motility can greatly limit calories in an insidious way

through frequent holding of enteral nutrition. Routine calorie counts should be

performed with provision of some level of parenteral nutrition when necessary.

Infectious complications are the most common cause of death in CCI patients,

with central line-related blood stream infections being particularly problematic

[17]. As with any ICU patient, central venous catheters should be removed as

soon as they are no longer necessary [18]. When patients are hemodynamically

stable and courses of intravenous antibiotics are completed, intravenous catheters

of any type should be removed unless needed for hemodialysis. ICU directors

should recognize that CCI patients are more likely to die from catheter infections

than sudden arrhythmias, so policies demanding intravenous access just because a

patient is in an ICU bed should not apply.

Outcomes

Despite their prolonged hospital course and complex clinical condition, hospital

mortality for CCI patients is similar to or better than that of patients who require

mechanical ventilation for shorter periods [19]. This reflects the fact that by

definition, CCI patients survived the initial acute course of their critical illness,

patients and families have opted for continued invasive care, and ICU technologies

have been available to provide that support. However cohort studies that enroll

consecutive patients in the acute hospital setting consistently demonstrate poor

1-year survival, ranging from 30 to 50 % [4, 19–22]. CCI patients who are

discharged alive from their index hospital stay are very high users of post-discharge

care. Discharge disposition codes in the national inpatient sample data show that

they have higher transfer rates to other general hospitals (7 % compared to 2 % for

all hospital discharges) and are far more likely to be discharged directly into

specialized post-acute care facilities (70 % compared to 13 %) (Table 13.2).
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In recent years the Medicare program has funded several projects to identify the

elderly CCI population and review their patterns of care. These projects have

generated several detailed analyses of the hospital claims submitted for Medicare

patients with extended ICU stays, with a special focus on those with PMV and

tracheostomy. In 2010 there were nearly 35,000 Medicare discharges from general

acute care hospitals that were assigned to the two main tracheostomy DRGs, of

which 88 % had spent at least 10 days in ICU or ICU step-down units and 60 % had

spent more than 3 weeks (Unpublished data from Kennel & Associates, “Deter-

mining medical Necessity and Appropriateness of Care for Medicare Long-Term

Care Hospitals,” HHSM-500-2006-0081, reproduced with permission from

authors). By linking the tracheostomy admission claims to subsequent hospital or

skilled nursing claims and to data from the national death index, the Medicare

analyses were able to provide more accurate information on discharge disposition

than is available through the national inpatient samples (Table 13.3). Twenty

percent of these Medicare patients died during the hospitalization in which the

tracheostomy occurred, another 2 % were discharged to hospice care. Two-thirds of

the patients were confirmed as having transferred to an inpatient post-acute care

facility of some type, and of this group, 26 % died within 60 days of the transfer and

55 % had died within 1 year of the transfer. The most common transfer destination

was to specialty facilities called long-term care hospitals (LTCHs), which are

specialized acute care hospitals that focus on ventilator weaning and the care of

other complex medical patients. The second most common disposition was to a

skilled nursing facility (SNF), which usually occurs either after the patient is

Table 13.2 Resource use and discharge disposition, by type of insurance

Index

Hospital

operating

costs

Disposition at index hospitalization

In-house

death

(%)

Share of live discharges

General

hospital

transfer (%)

Nursing home or

specialized post-acute

care (%)

Home, hospice

or other (%)

All general

hospital

discharges

$392.7

billion

2 2 13 85

All tracheos-

tomy

discharges

$12.6

billion

16 8 70 22

Tracheostomy discharges by payer

Medicare 41 % 19 7 82 12

Medicaid 22 % 15 8 59 34

Private

insurance

27 % 14 8 68 24

Uninsured 5 % 15 7 44 49

Other or

missing

4 % 13 14 60 26

Source: AHRQ National Inpatient Sample for 2010, MS-DRGs 003 and 004. Definitions exclude

cases with tracheostomies performed for face, mouth, and neck diagnoses
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weaned or as a transfer to a chronic ventilator care unit. Transfer to acute rehabil-

itation hospitals was less common and would occur only after weaning. Only 7 %

were discharged to home or community without a readmission within 60 days.

One-year post-discharge mortality was considerably lower for both the rehab trans-

fers and the home discharges.

The high mortality rate following hospital discharge can be attributed to the

continued presence of chronic comorbidities such as COPD or vascular disease,

accumulation of new comorbidities associated with their acute illness such as renal

failure or congestive heart failure, functional limitations that often require post-

acute institutional care, and limited resources to cope with all of those risk factors.

A 1-year follow-up study of 126 CCI patients discharged from a major academic

hospital identified extraordinarily complex care trajectories [23]. Of the 99 patients

discharged alive within the follow-up period, there were 457 transitions of care that

included post-acute hospital transfers, SNF transfers, and multiple readmissions

following home discharge and/or following the post-acute transfers. Patients cycled

back and forth between different levels of care as they met administrative discharge

goals, developed new complications requiring higher levels of care, or encountered

reimbursement limitations. One half of the study population had four or more care

transitions.

Functional independence is an unusual outcome for the CCI patient. Cohort

studies have been consistent in finding that only 10 % of patients achieve functional

independence after a year [23–25]. Physical function after CCI is effectively

measured by independence in completing activities of daily living such as bathing

or feeding oneself. CCI patients require assistance with an average of 6 ADLs

3 months after onset of mechanical ventilation and 2 ADLs after a year [19]. This

Table 13.3 Discharge disposition and mortality for Medicare tracheostomy patients in general

acute care hospitals (2010)

Disposition at discharge Cases (N¼ 34,479) (%)

Post-discharge mortality

At 60 days (%) At 1 year (%)

Died in-house 20 100 100

Home, no subsequent readmission 7 12 32

Hospice 2 91 97

Transfers

Other general acute hospital 2 33 60

Long-term care hospital 41 29 60

Inpatient rehabilitation facility 8 9 28

Skilled nursing facility 16 24 55

Subtotal, transfers 67 26 55

Other or Unknown 4 25 61

All 100 % 41 % 64 %

Note: Tracheostomy patients include those assigned to MS-DRGs 003 and 004

Source: Unpublished data from Kennel & Associates, “Determining medical Necessity and

Appropriateness of Care for Medicare Long-Term Care Hospitals”, HHSM-500-2006-0081,

reproduced with permission from authors. Index and follow-up care constructed from MedPAR

claims files, FY 2010–2011
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compares to dependence in 1 ADL for survivors of short-term mechanical ventila-

tion. Preexisting physical limitations are common in patients who develop CCI, but

most survivors develop additional limitations. Ongoing severe cognitive limitations

are also a common outcome of CCI. In one cohort of patients admitted to an

inpatient weaning unit, 68 % of hospital survivors were still experiencing delirium

or coma 6 months after hospital discharge [8].

The lower proportion of patients requiring assistance with ADLs at 1 year

compared to 3 or 6 months can give the impression that most patients improve

over time and regain some functional capabilities. That certainly is the goal of

services provided at many post-acute care facilities such as LTCHs and SNFs, and

some patients succeed. However these results reflect some degree of survival bias.

Patients with more limitations in ADLs are less likely to survive for 12 months, so

1-year survivors reflect fewer limitations in ADLs. In fact, when followed over

time, the proportion of CCI hospital survivors who experience a decline in func-

tional capabilities exceeds the proportion that experience improvement [23].

The prolonged illness, interventions, and institutionalization experienced by

CCI patients are understandably associated with a significant symptom burden. A

comprehensive assessment of symptoms in CCI patients at an acute hospital

weaning unit documented an extremely high prevalence of a range of symptoms

including pain, anxiety, dyspnea, thirst, frustration with inability to communicate,

and fear [26]. In a different LTAC hospital study, 42 % of CCI patients met criteria

for clinical depression [27], and 12 % had significant symptoms of post-traumatic

stress disorder 3 months after weaning [28].

All of these data regarding long-term outcomes of CCI patients highlight the

organizational challenges of providing care. Even after liberation from mechanical

ventilation, lasting medical issues, functional limitations, and limited physiologic

reserve leave patients susceptible to new acute and critical illnesses. Their acute

hospitalizations are significantly longer than other patients, and the majority cannot

survive for long periods outside of acute care or subacute care institutions. Their

conditions are often too complex for them to be able to go directly to rehabilitation

facilities or skilled nursing facilities, and when they can, they have high

readmission rates and long stays before discharge home. Care at home is often

too challenging for family members without significant outside help. As outliers in

every system, reimbursement rules do not match their needs, which can prompt

transitions in care that are not dictated by medical need [29].

Costs and Resource Use

Nearly all definitions of CCI found in the clinical literature include the need for

prolonged mechanical ventilation. All ICU stays are expensive, but mechanical

ventilation is associated with significant increases in the variable cost per ICU day

as well as longer ICU stays [30]. Tracheostomy placement for PMV has been

suggested as one way to identify CCI patients from insurance claim files
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[31]. These are among the most expensive patients in the general acute hospital

setting, with an average charge per discharge that is more than ten times the average

charge across all patients (Table 13.4). The Medicare program pays for hospitali-

zations on a per-discharge basis, using payment weights that are derived from

average resource use associated with all Medicare discharges in the patient’s

major diagnostic category (MDC) and diagnosis-related group (DRG). Several

years ago the Medicare program recognized that tracheostomy patients are uniquely

high-cost subsets within any one of a number of possible DRGs. To make payments

more accurate, hospital payment rules were altered to separate patients receiving

this procedure from other patients, placing them in distinct payment groups

irrespective of the underlying conditions that necessitated the procedure. This

change effectively set special payment rates for CCI patients. Under the new

Medicare severity-adjusted DRGs that have been used for payment since 2007,

post-surgical patients needing tracheostomy that is not related to head and neck

procedures (MS-DRG 003) have an expected stay of 44 days and a relative resource

weight of 18.386—second only to heart transplant/implant cases. The equivalent

group for non-surgical tracheostomy patients (MS-DRG 004) is slightly less

resource intensive, with a mean stay of 26 days and weight of 11.704, but it is

still among the ten highest paid Medicare severity-adjusted DRGs.

Public programs pay for the largest share of all hospitalizations where a trache-

ostomy occurs (Fig. 13.1a, b). Medicare’s share of tracheostomy admissions has

declined over the last decade from 51 to 45 %, while Medicaid’s share has increased

from 13 to 20 %, reflecting in part a change towards a younger age distribution.

AHRQ estimates that in 2010, hospital operating costs for discharges during which

a tracheostomy was performed totaled $12.6 billion, with Medicare patients

accounting for 41 % of the costs, Medicaid patients 22 %, and privately insured

patients 27 % (Table 13.5).

Another Medicare project constructed episodes of care for 27,000 Medicare

discharges in 2009 during which (a) a tracheostomy was performed and (b) the

patient spent 4 or more days in a critical care unit [32] (Table 13.6). Episodes began

Table 13.4 Inpatient resource use for ventilator care discharges, 2010

Percent

national

discharges (%)

Percent national

inpatient costs

(%)

Mean charge

per discharge

($)

Estimated mean

cost per discharge

($)

All general hospital

patients

33,037 10,067

Tracheostomy cases

only (a)

0.30 3.21 355,912 108,249

Other MV for respiratory

dx, without tracheos-

tomy (b)

0.64 1.87 94,721 29,235

Source: AHRQ National Inpatient Sample for 2010

Rows defined by assigned Medicare severity diagnosis related group (MS-DRG):

(a) MS-DRGs 003 and 004

(b) MS-DRGs 207 and 208
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with the first (index) stay identified in an episode of illness, and followed each

patient until death or until there was a 60-day period without any admission or

institutionalization. The median stay for the index discharge in this sample was

25 days, for which Medicare paid the hospital an average of $105,000 per stay.

Forty-six percent of all of the tracheostomy patients in the episode sample were

transferred to an LTCH, and among these, the average Medicare payment for the

index hospitalization was only $92,000, but additional payments to the LTCH

averaged another $63,000 per transfer. Across all patients in the study sample,

the median hospitalized days over the defined episodes (including the index stay,

transfers, and any readmissions) was 49. Among those transferred to an LTCH,

however, median total hospitalized days was 66, or one-third higher. Some but by

no means all of the increased utilization and costs have been shown to reflect

selection of sicker patients for transfer to LTCHs. The Medicare-sponsored studies

strongly suggest that transfer to specialized long-term care hospitals is indepen-

dently associated with longer total hospitalization and higher overall cost of care.

A recent independent study of Medicare beneficiaries also examined costs

associated with LTCH transfer of CCI patients [33]. They confirmed that Medicare

payments were higher if patients were transferred to LTCHs during their episode of

Fig. 13.1 (a) 2010

tracheostomy discharges, by

age group. (b) 2010

tracheostomy discharges, by

insurance
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illness, but overall healthcare costs were actually lower because LTCH admission

was associated with fewer days in skilled nursing facilities and fewer acute hospital

readmissions. The higher Medicare payments may be a reflection of reimbursement

structure rather than higher costs.

While the costs of mechanical ventilation have been relatively well studied,

economic evaluations of the costs versus benefits of long-termmechanical ventilation

have received only a moderate amount of attention [34]. One analysis modeled the

cost-effectiveness of PMV for a 65-year-old critically ill patient with a history of 7–

21 days of MV, where the principal base care option was continued PMV with

tracheostomy, and the comparison option was a decision to provide comfort care

only [35]. The authors usedMarkov modeling with patient data obtained from a large

cohort of ventilated patients and expected mortality drawn from the medical litera-

ture, with costs defined as Medicare payment. For the 65-year-old base case, provid-

ing the extended PMV care was estimated to add only 1.75 quality-adjusted life years

(QALYs), at an added cost to the Medicare program in 2005 dollars of approximately

$144,000, or $82,000 per QALY gained. Estimates of the incremental costs per

quality-adjusted year gained were sensitive to patient age (increasing to $206,000

per QALY gained for an 85-year old, holding other factors constant) and to predicted

life expectancy (ranging from $61,000 per QALY gained among those with <50 %

probability of death to $102,000 for those with �50 % probability of death).

These estimates place continued provision of prolonged ventilator support for the

very elderly and/or very ill well beyond the generally accepted range for cost-

effective interventions. Given the increasing incidence of PMV and tracheostomy

Table 13.5 Resource use and discharge disposition, by type of insurance

Index

Hospital

operating

costs

Disposition at index hospitalization

In-house

death (%)

Share of live discharges

General

hospital

transfer (%)

Nursing home

or specialized

post-acute care (%)

Home, hospice

or other (%)

All general

hospital

discharges

$392.7

billion

2 2 13 85

All tracheostomy

discharges

$12.6

billion

16 8 70 22

Tracheostomy discharges by payer

Medicare 41 % 19 7 82 12

Medicaid 22 % 15 8 59 34

Private

insurance

27 % 14 8 68 24

Uninsured 5 % 15 7 44 49

Other or

missing

4 % 13 14 60 26

Source: AHRQ National Inpatient Sample for 2010, MS-DRGs 003 and 004. Definitions exclude

cases with tracheostomies performed for face, mouth and neck diagnoses
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among the elderly, however, the authors’ discussion and conclusions from this work

focused on the need to improve quality of life and survival for these patients in order

to reduce the cost per adjusted life-year gained, rather than on review of the decisions

to provide continued intervention.

Models of Care Delivery

There are a limited number of care venues for complex CCI patients. By definition

the initial care site is the critical care unit of a general acute hospital, and in 2010,

two-thirds of all patients receiving a tracheostomy were in teaching hospitals. At

one time complex CCI patients were expected to remain in the ICU, but the high

opportunity costs of occupying a critical care bed for several weeks has led

hospitals to look for alternatives such as use of progressive or intermediate care

units and/or specialized weaning units, or transfers to long-term care hospitals

[29]. There are some skilled nursing facilities that specialize in medically complex

patients including those on vents, but these are primarily chronic ventilator care

sites and they tend to be limited to states where the Medicaid programs allow extra

payments for “sub-acute” level care. For the CCI, choices among care venues

depend on both the patient’s clinical status and on local access (i.e., whether or

Table 13.6 Medicare program payments and hospital stays for tracheostomy and PMV patients

(2009)

Two types of CCI as identified from claims

data:

Tracheostomy

patients, w/4+

critical care days

Other PMV

patients, w/8+ days

of critical care

Number of episodes 26,931 40,868

Median stay, index hospitalization 25 days 16 days

Average Medicare payment for index stay $105,013 $41,881

Percent of index stays that are high-cost outliers 28 % 42 %

Average Medicare payment for outlier index stays $150,064 $51,738

Percent of index stays transferred to an LTCH 46 % 8 %

Among those transferred to LTCHs

Average Medicare payment for index stay $92,159 $42,057

Average Medicare payment for LTCH stay $62,045 $43,079

Median total hospital days in the episode

All episodes 49 days 19 days

High-cost outliers in index stay 64 days 25 days

Episodes NOT transferred to LTCH 33 days 18 days

LTCH transfers 66 days 48 days

Source: Unpublished data from Kennel & Associates, “Chronically Critical Ill Population Pay-

ment Reform” HHSM-500-2006-00081, reproduced with permission from authors. Episodes of

care constructed from Medicare index discharges in federal year 2009
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not beds of these types are available in the area). They are, however, also heavily

influenced by reimbursement policies by payers such as Medicare and Medicaid.

In the 1990s the federal government sponsored demonstration programs to

develop specialized weaning units within tertiary care hospitals as a way to lower

the costs of treatment and free up intensive care beds for acute critical illness.

Several of these models continue today, including dedicated weaning units at the

Mayo Clinic, the Cleveland Clinic and Mount Sinai Hospital [36, 37]. Specialized

weaning units generally admit patients only after they are hemodynamically stable

(off vasopressors) and after the presenting acute problems have been addressed.

Weaning units tend to have lower costs per-day than ICUs because they can be

staffed more like an intermediate than an intensive care unit. Adherence to weaning

protocols and use of multidisciplinary rehabilitation teams are thought to lead to

faster weaning, and it is the expectation of shorter overall hospital stays that

provides the main incentive for hospitals to operate such units. While there is

ample evidence in the literature that specialized PMV units have lower daily

costs and reduce utilization of the more expensive ICU beds, the evidence is

mixed on whether or not they lead to faster weaning and shorter overall stays at

the hospitals where they are operated, due primarily to limitations in

non-experimental study design [29]. A consensus conference in 2004 identified

the clinical advantages of specialized PMV-focused units, citing among other

factors, improved coordination care from multidisciplinary teams, better rehabili-

tation services, and the expectation of improved clinical outcomes that is associated

with higher volumes [38]. The panel recommended that ICU care teams begin

planning for transition to a dedicated weaning or other PMV-focused setting, either

within the hospital or in a different specialized facility, as soon as possible after a

tracheostomy has been performed.

For patients whose care is paid using a facility-specific fixed amount per

discharge (such as the DRG system) hospitals face a strong incentive to choose a

separate facility rather than an in-house unit for this phase of CCI care. This is

because transfer to an in-house unit results in continued hospital costs, but unless

the patient becomes an outlier case, there is no increase in the DRG payment. As a

result of these financial incentives, in most parts of the USA LTCHs have become

the preferred transfer destination [39]. LTCHs are defined simply as licensed acute

care hospitals that have an average length of stay of 25 days or more, but they have

many other characteristics that distinguish them from general acute care hospitals.

They do not perform major surgeries and they rarely have emergency rooms,

because they are designed as transfer destinations. Ninety percent of their patients

come as transfers from a general acute care hospital, and the remaining patients are

generally readmissions from nursing facilities or other care settings within an

episode of illness that has already had a long care trajectory [32]. Virtually all

LTCHs include ventilator weaning among their specialty services.

Medicare pays LTCHs using the same set of MS-DRGs that it uses for general

acute care hospitals, but each LTCH DRG is associated with a much higher

payment rate (reflecting the longer expected stays). Most LTCHs are small (very

few have more than 100 beds) and are privately owned. They operate in a highly
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competitive environment with frequent mergers, acquisitions, and reorganizations.

About one half of them are freestanding facilities, and the other half lease space

from a floor in a “host” hospital. Unlike the specialized psychiatric and rehabilita-

tion units that are both located within and operated by their general hospitals,

co-located LTCHs are required by law to be independently owned. They are called

“hospitals-within-hospitals,” and to prevent de facto dependence on their host

hospital, they are penalized if more than 25 % of their admissions are from the

hospital where they lease space. The number of LTCHs grew rapidly between 1996

and 2006, after which Congress placed a moratorium on any new licensure pending

a review of reasons for transfer and appropriateness of payment.

LTCHs in the USA have an uneven geographic distribution and are most heavily

concentrated in southern states including Texas, Oklahoma, and Louisiana. In these

areas LTCH transfer rates for Medicare PMV patients can be as high as 70 %. In

other parts of the country—for example, in Oregon, northern New York, and

northern New England—LTCHs are nearly nonexistent. CCI care in these areas

therefore continues to occur in the hospital ICUs and intermediate or progressive

care units, with dedicated weaning units operating in a few large teaching hospitals.

One recent study showed that LTCH transfer rates for post-ICU patients vary

considerably across hospitals, even within areas that have LTCH beds [40]. This

suggests that local practice preferences continue to influence choice of setting for

CCI patients, independent of access issues or hospital financial incentives.

LTCHs focus on rehabilitation and recovery, and rarely admit for end-of-life

care. CCI patients who are sent to LTCHs tend to be those with better prognosis,

including those with higher functioning prior to the onset of the illness that led to

respiratory failure. A multi-center ventilator outcomes study conducted in 2002

documented characteristics of 1,419 ventilated patients who were transferred for

weaning to 23 different LTCHs [41]. The median age of the study sample was

71.2 years, and prior to the precipitating acute illness, 86.5 % of them had been at

home or in assisted living, with 77 % assessed in “good” premorbid functional

status. The median hospital stay prior to transfer was 27 days, with a median of

25 ventilated days. Ninety-five percent of transfers already had a tracheostomy, and

while they were identified as stable, the level of nursing acuity was still quite high:

95 % came to the LTCH directly from an ICU and 4 % came from a step-down unit;

94 % had in-dwelling urinary catheters; 65 % had a gastrostomy tube; 6 % were on

TPN, and 42 % had pressure ulcers with broken skin. The reported nurse-to-patient

ratios for the PMV patients were roughly 1:4, which is similar to the in-house

dedicated weaning units described above. The study did not include a control group

of ventilated patients not transferred to LTCHs, so it could not provide insights into
how patients in the LTCH model of care differ from those that remain at the initial

admitting hospital.

In partial response to a request by the U.S. Congress for a review of LTCH care

and payment, the Medicare program contracted for a series of site visits to be

conducted at LTCHs across the country and at critical care services located within

general or academic hospitals in their same geographic areas [42]. In the LTCHs

that were visited, nurse staffing for the overall patient population was described as
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similar to what might be found in a telemetry or intermediate care unit (four to five

patients per RN), but was reported as two or at most three per RN for a newly

admitted ventilator patient. All of LTCH sites had additional wound nurses or

specialist wound care teams. Many of them operated dedicated ICUs with anywhere

from 4 to 12 beds, allowing them to accept more complex patients and helping to

minimize readmissions. Attending physician coverage at all of the study LTCHs

was provided by generalists with heavy use of specialist consultants, and at all sites

pulmonary consultants were said to participate in the care of all ventilator patients.

Use of weaning protocols was standard, as was intensive rehabilitation through

teams of respiratory, physical, speech and occupational therapists. All LTCH sites

followed weaning protocols, and most were led by respiratory therapists under the

supervision of consultant pulmonologists.

Critical care physicians both at the referring hospitals and at the receiving

LTCHs were asked to distinguish the type of ventilated patients that were suitable

for LTCH transfer from the type that should remain in the hospital critical care

service. Responses from both groups were similar: patients should be hemodynam-

ically stable, acute problems should have been diagnosed and be under treatment,

and there should be reasonable prognosis for improved function if not recovery. In

LTCHs that operated dedicated ICUs, ventilated patients were often admitted

directly from the hospital ICU or progressive care unit into the LTCH ICU for at

least an initial observation period. LTCH clinicians frequently commented that

referring ICUs hold the PMV patients too long before transfer. Some LTCH

clinicians revealed a somewhat more aggressive transfer policy than was

recommended by the consortium conference [38] and also than was originally

envisioned by the in-house special care units developed under the demonstration

projects of the 1990s. In larger LTCHs with ICU capability, for example, staff were

comfortable accepting patients who were still on vasopressors provided the doses

were not still being titrated, and some sites reported that if an admitted patient

became unstable, they would feel comfortable retaining the patient in the LTCH

ICU and attempting to titrate the vasopressors before readmitting the patient to the

referring hospital.

Results of a recent observational study suggest that CCI patients who are

transferred to an LTCH have similar survival to patients who remain in ICUs

[33]. Otherwise, there is very limited literature available to compare outcomes for

PMV patients across the three major treatment venues of ICU, in-house weaning

unit, or LTCH. Key clinical measures to be compared at the patient level should

include percent weaned, time to weaning, percent discharged to home or commu-

nity, functional status at discharge, severity adjusted survival and quality-adjusted

survival. Key cost measures to be compared should include total institutional costs

per episode, costs or Medicare payments per patient, and costs or Medicare

payments per quality-adjusted life year gained. Although clinical trials could be

organized to compare continued ICU care with in-house weaning units [43],

financial incentives and organizational barriers make it virtually impossible to

organize a randomized trial of LTCH transfer. This limits investigators to obser-

vational studies of a treatment decision that is highly influenced by clinical factors
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that are hard to identify retrospectively even from a medical record, let alone from

more widely available administrative data.

One single-institution study of LTCH outcomes used historical controls from a

period 2 years prior to the opening of a co-located LTCH [44]. The study sample

included 196 LTCH admissions between 2004 and 2006 and 187 control cases from

2002 that had been retrospectively identified by clinicians as appropriate LTCH

transfers using medical record review and length of stay. Use of historical controls

means that the cost data for one group had to be updated for inflation, making the

results potentially sensitive to economic assumptions. Both groups were said to be

composed of “a majority” of PMV patients, but no statistics were offered, and it is

possible that the sample size was not sufficient to control for this factor or for any

other case-mix differences in applying the statistical tests. Although they found no

significant difference in mortality between the two groups, the authors did find that

the LTCH study group had lower per-day and per-patient costs, were more likely to

be discharged to home, and less likely to be discharged into an SNF.

This study highlights two major challenges in studying comparative effective-

ness or cost-effectiveness of LTCHs for the CCI, which are the need for multi-

center studies due to the small number of PMV patients from any one institution,

and the difficulty of controlling for the effects of patient selection into

PMV-focused settings. To obtain sufficient sample size a well-designed multi-

center study would be preferable to a national study using administrative data

(such as the Medicare claims files), because administrative data often cannot

provide important clinical variables such as time on a ventilator or key lab results.

There is also no Medicare administrative data source for information on current or

prior functional status for general hospital patients. In the recent comparative cost

studies conducted for Medicare [32, 45], propensity-score matching was used to

define control groups from the claims files, where clinically similar non-LTCH

referrals were chosen based on interactions of ICU use, comorbidities, major organ

failures, and age. Results from these models suggest higher per-patient costs for

LTCH transfers. These data directly contradict earlier studies, but the results could

be biased due to lack of functional status information and other limitations of the

claims data. Adequate evaluation of alternative venues of care for CCI patients will

depend on access to a large sample of geographically and demographically diverse

patients, where the investigators also have access to detailed medical records data

and patient or family interviews.

Continuity of Care

It is difficult to begin a discussion of continuity of care for CCI patients when all of

the data indicate that care is anything but consistent. The fragmented nature of their

care begins in the acute hospital ICU if the ICU is a closed systemmodel covered by

weekly or monthly shifts of intensivists. As the patient progresses, they transition to

care by one or more medical/surgical ward services followed by the array of post-
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acute care institutions described above. At each transition, the receiving care team

is usually operating on summaries of information from the referring institution, and

relevant information from previous care may be two institutions removed.

Outpatient-based primary care physicians have often lost contact with the institu-

tionalized patient and are not current on their latest complex issues. Meanwhile,

families and patient advocates are challenged to keep up with a bewildering array of

events, clinicians, and environments. Whenever a patient does get to go home, it

often is not apparent who among the recent treating physicians the family should

contact about problems.

In response to this clinical problem of long-term fragmented care, a group of

investigators developed an intervention to coordinate care for patients requiring at

least 4 days of mechanical ventilation following hospital discharge [46]. They

followed outcomes compared to usual care in a randomized trial. In the intervention

group, nurse practitioners made regular calls to patient’s homes to assess their

status and screen for new issues that could lead to readmission. They then directed

patients to relevant clinics or other resources in hopes of preventing readmission.

They found that the intervention did not decrease the rate of readmissions; however,

the length of stay for readmissions was decreased. Unfortunately, the intervention

did not decrease mortality. These somewhat disappointing results of interventions

to coordinate care may indicate that the complex condition of CCI patients defies

preventive intervention, or that intensive interventions involving more direct out-

patient care are necessary. A number of trials evaluating the benefit of post-ICU

clinics on outcomes of patients with severe critical illnesses such as ARDS are

underway. Many of these clinics will include physical and cognitive assessments

and rehabilitation plans in addition to care coordination. It will be important to

evaluate the benefit of these interventions for CCI patients as a subgroup.

Communication and Prognosis

The communication needs for families and other CCI patient advocates are similar

to those of other ICU patients. Families should be informed of daily events and

changes in status and receive periodic multidisciplinary review of the patient’s

condition and discussion of goals of care. As with any ICU patient, this process is

often complicated by physician availability, family availability, and limitations in

communication skills of the provider. For CCI patients, the process can be further

complicated by provider fatigue, fragmentation in care, and prolonged family

distress. Some of these communication barriers can be overcome by arranging for

scheduled and protocolized family meetings. However a recent clinical trial com-

paring scheduled family meetings to usual care in patients requiring more than

4 days of mechanical ventilation showed no benefit in ICU length of stay or

indicators of aggressiveness of care [47].

One potential barrier to adequate communication may be difficulties in assessing

prognosis for CCI patients. They have survived the initial or “worst” phase of their
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critical illness, yet their rate of recovery has plateaued. Clinicians and providers

gain hope from the initial survival and often are uncertain of the implications of the

stalled progress. If clinicians are not confident of their prognostic assessments, they

will not likely communicate a prognosis very clearly. Qualitative studies of family

members of CCI patients confirm that families do not receive much prognostic

information about hospital survival, and they receive virtually no information about

long-term prognosis for survival or functional outcomes [48].

In response to this problem, investigators have developed and validated a simple

clinical prediction rule to help clinicians assess long-term survival in patients with

CCI [4, 20]. The ProVent score consists of 4 clinical variables—age, platelet count,

and requirement for vasopressors and hemodialysis. When measured on day 21 of

mechanical ventilation, the presence of each additional risk factor signifies increas-

ing risk for death at 1 year. Similar scores are being developed for use on day 14 of

mechanical ventilation. It is hoped that a simple prognostic score will increase the

confidence of clinicians in providing a prognosis for CCI patients, especially when

the prognosis is poor. A prognostic rule should not replace clinical judgment when

considering prognosis; however, it can provide a starting point for the evaluation

and support clinical intuition.

The gap in physician and family perceptions of prognosis is likely to be related

to more than clinical uncertainty. There may also be problems with how informa-

tion is communicated or understood. Many ICU clinicians are not formally trained

in communication of prognosis or elicitation of goals of care. In other ICU settings,

some clinical trials have demonstrated benefit on family-centered outcomes from

providing information brochures, ethics consults, or palliative care consults [49,

50]. In order to enhance the communication of information for CCI patients,

investigators for the family care committee of the Society of Critical Care Medicine

have developed and validated an information brochure for families of patients with

CCI [51]. Two clinical trials are underway to further enhance communication in

CCI. One trial randomizes families to meet with palliative care physicians who are

trained in communication and family support in addition to usual care and com-

munication by the primary team. The other trial randomizes families to review an

electronic decision aid versus usual care. The decision aid explains CCI, provides a

long-term prognosis based on the patient’s ProVent score, elicits patient values, and

reviews general options for continued care. It is hoped that these interventions will

enhance the communication process and in turn improve family-centered outcomes

such as symptoms of depression and post-traumatic stress disorder. These inter-

ventions can be further enhanced by better prognostic systems for long-term

function, which is as important for many patients as long-term survival. This will

be a challenge for the future.
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Summary

CCI is an increasingly common condition affecting 10 to 20 % of patients who

receive mechanical ventilation for acute illness or injury. Patients present a number

of clinical challenges related to their severe physical deconditioning, persistent

delirium, and recurring complications. Costs of care are exceedingly high during

the index hospitalization and after discharge due to a high requirement for institu-

tionalized care and frequent transitions in care. Specialized weaning units and

LTCHs are alternative sites of care that reduce costs for the index hospital and

may reduce costs for the overall episode of illness. Given the poor long-term

outcomes for elderly CCI patients and for patients with ongoing multiple organ

failure, clinicians should actively engage patients and surrogate decision makers in

discussions of the patient’s values and preferred goals of care.
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Chapter 14

Regionalization of Critical Care

Theodore J. Iwashyna and Jeremy M. Kahn

Abstract Recent efforts to improve the outcomes of intensive care emphasize not

only quality improvement at the local level but also better organization and

management of health care systems at the regional and national level. Central to

this notion is the concept of regionalization, whereby selected critically ill patients

are systematically triaged and transported to regional centers of excellence.

Regionalization might improve quality and efficiency by improving access to

scarce resources, increasing clinical experience in the care of complex patients,

and creating economies of scale. At the same time, there are number of potential

risks, including adverse events in the transport of critically ill patients, worsening of

crowding at already overburdened referral ICUs, reducing clinical skill at referring

hospitals, and creating a non-patient-centered system that values regional care at

the expense of receiving care close to the patients’ homes. Future research and

demonstration should provide insight into these tensions and lay the groundwork

for regionalized critical care systems that are both effective and patient-centered.
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Introduction

At the completion of this chapter, the reader should be able to:

• Describe what is meant by a regionalized system of critical care;

• Identify the key potential benefits and drawbacks of implementing critical care

regionalization;

• Assess the potential metrics by which the success of regional critical care

systems might be measured.

Recent efforts to improve the outcomes of intensive care emphasize not only

quality improvement at the local level but also better organization and management

of health care systems at the regional and national level [1]. In the information age,

hospitals and health systems are increasingly interconnected: critically ill patients

are frequently transferred between hospitals [2]; expertise for complex therapies

such as extracorporeal membrane oxygenation (ECMO) are located at just a few

centers [3]; and the threat of pandemics means that hospitals must work together to

ensure equitable access to critical care in times of crisis [4]. Given the growing

importance of regional cooperation in critical care delivery, it is appealing to

harness these interhospital connections as mechanism to improve intensive care

unit (ICU) quality [5].

One approach to improving quality at the health care system level is regional-

ization. Under a regionalized system, pre-hospital providers and hospitals would

systematically transport selected critically ill patients to designated regional referral

centers, analogous to the trauma systems of many developed nations [6]. As in

trauma, regionalization of critical care has the potential to significantly improve the

outcomes of the critically ill. However, there are many important challenges to the

successful implementation of regionalized critical care as well. ICU clinicians,

hospital administrators, and health policy makers must address these issues before

attempting to introduce regionalized critical care in their health system. In this

chapter, we review the concept of regionalization as a strategy for ICU quality

improvement, discuss the potential benefits and risk of such a system, and highlight

the key organizational elements of successful regionalized critical care.

Defining Regionalization

Regionalization is the systematic concentration of selected patients in a subset of

centers of excellence [7]. The goal of regionalization is to provide higher value

care—better care for more patients by ensuring those patients get care at the

hospitals best able to care for them.

Regionalization thus depends for its success on four conditions. First, there must

be heterogeneity in quality—if every hospital is able to provide the same level of

care, then there is no need for regionalization. Note that this may be true not only

218 T.J. Iwashyna and J.M. Kahn



because all hospitals are equally capable but also because a disease is either

uniformly treatable or uniformly terminal. Second, there must be some scarce

resources that prevent the highest quality of care from being diffused to lower

performing hospitals. Often that scarce resource will either be the lack of sufficient

highly skilled providers to staff every hospital [8], although it may also be the

financial barrier of providing the equipment needed. Third, the centers of excel-

lence must be identifiable, either by direct measurement of outcomes or, more

commonly, by a certification process based on equipment and capabilities. Finally,

the patients to be regionalized must be identifiable and transportable.

Note that this definition of regionalization does not require de jure, or even

formal, regionalization. Formal regionalization is the process that the term “region-

alization” normally brings to mind, a system of officially designated centers of

excellence and mandated referral patterns. De jure regionalization occurs when

compliance with these referral patterns is legally mandated. Legally regulated

systems offer important benefits of transparency and may bring new resources

into the system. But formal regionalization does not, in and of itself, insure

effective patient triage [9], and it runs the risk of ossification in the presence of

evolving technologies of patient care. The absence of a formal system of regional-

ization does not mean that no regionalization occurs. A 2010 Academy of Emer-

gency Management report [10] defined informal regionalization as “the

concentration of select patient populations at specific local centers as a result of

selective, historic, or de facto referral patterns to those centers by providers and

EMS systems. Such regionalization is informal primarily because selective referral

is based on decentralized decisions by individual providers and is not mandated by

formal legal or administrative organizations.” Informal regionalization, albeit

incomplete, maybe quite common for many serious illnesses, although hampered

by lack of good data to identify centers of excellence and poor incentives to insure

appropriate transfer [11, 5, 12, 13].

Potential Benefits of Regionalized Critical Care

There are numerous potential benefits of regionalization. These relate to both health

care outcomes, access to scarce resources and costs (Table 14.1).

Better Care by Access to Scarce Expertise

If there are not enough care experts able to provide the highest level of care, then

regionalization increases the likelihood that eligible patients will be cared for by

those teams. In the setting of resource scarcity, it is often more efficient to

concentrate on the scarce resource in a small number of centers. Regionalization

may improve access to high quality care, reducing the morbidity and mortality
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associated with regionalized problems and/or improving timely referral to palliative

care. There is evidence that this has occurred with the introduction of trauma

systems [14, 15].

Learning by Doing and Accelerating Innovation

As in many areas of health care, volume-outcome relationships are both prevalent

and reproducible [16]. An important hope is that by concentrating on the care of

particularly sick patients, it will make possible greater individual provider skill

(as they do more of such cases). But it is also hoped that regionalization would lead

to greater institutional investment to support excellence. This might take the form

of greater development of protocols, of specialized positions (e.g., ICU pharma-

cists) and of ongoing education and training.

It is also hoped that regionalization makes possible greater generalizable knowl-

edge. For example, the trauma system supports a national trauma registry that has

allowed significant study of trauma patients. Repeatedly seeing high acuity patients,

it is hoped, will make it more likely that novel therapies and approaches to their

problems can be developed. The concentration of such patients then also makes

careful testing of new therapies easier with focused enrollment in clinical trials.

As such, regionalization would offer not just better care for current patients, but

more rapidly improving care for future patients. The extent to which these hopes are

born out has not been subjected to significant empirical scrutiny to date.

Economies of Scale

Critical care involves substantial fixed costs, particularly in terms of equipment

[17]. By concentrating the care of critically ill patients in a smaller numbers of

regional centers, the expensive equipment is more likely to be utilized, distributing

the fixed costs over more patients and allowing lower average costs [18]. In a

Table 14.1 Potential benefits and risks of regionalized critical care

Benefits Increased access to scarce expertise

Greater clinical experience leading to improved outcomes

Acceleration of innovation

Creation of economies of scale

Motivation for performance improvement through public recognition

Risks Adverse events during transport

Overcrowding of regional referral centers

Treatment delays due to travel distances

Worsened family outcomes due to travel distances

Cascade iatrogenic

Loss of skill at non-referring hospitals
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similar vein, regionalization can ensure that the smaller number of providers most

able to care for certain specialized cases devote almost all of their time to those

specialized cases—rather than spending their valuable time on cases requiring

lower or different skill sets.

Social Recognition of Centers of Excellence

Although rarely acknowledged, it seems likely that part of the motivation of

regionalization may be self-designated centers’ of excellence desire to be recog-

nized as such. Such recognition may bring quite palpable benefits in terms of

increased revenues, investments, and donations in addition to the pride and prestige

it may instill. The potential magnitude of this benefit may be mitigated by the

oft-documented disconnect between critical care practitioners self-assessed exper-

tise and their objectively verifiable levels of competence [19–21].

Potential Risks of Regionalized Critical Care

Although there are many potential benefits to regionalized critical care, there are

also potential risks that may negate any hoped for quality improvement. Health

policy makers must consider these issues when designed regionalized critical care

(Table 14.1).

Adverse Events During Transport

Regionalization would involve large-scale transport of critically ill patients over

large distances. Such transports are not only costly but also entail risks of physio-

logical deterioration and other complications. Among the complications are refrac-

tory hypoxemia, pneumothorax, hypotension, and shock [22]. Despite the real risk

of these events, existing evidence suggests that they are relatively uncommon. A

2006 systematic review of studies of patient outcomes during interfaculty transport

found only one case of a patient dying during transport [23]. Subsequent studies

confirmed that the risk of adverse events during inter-facility transport is low, with

major adverse events occurring less than 5 % of the time [24] or not at all [25]. One

important caveat of these studies is that they all were performed under the existing

ad hoc system where patients are subjectively selected for transfer, and these

analyses were of relatively mature transport systems which collect enough data to

analyze. It is conceivable that under formal regionalization, in which more patients

and sicker patients will undergo transfer, that adverse events may increase, parti-

cularly if regionalization is not accompanied by quality and access improvement in

the transport system [26].
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Throughput and Crowding

By definition, regionalization would involve a major reorganization of admission

and discharge patterns within a region. Regional referral centers, which in many

areas are already frequently operating at capacity, would see an increase in admis-

sions with a concomitant increase in average ICU census. This change could result

in several adverse effects. First, when ICUs are full there can be admission delays

from the emergency department, ward or operating room. These delays are char-

acterized by increased risks of mortality [27], and emergency department crowding

in itself is associated with morbidity among patients seeking emergency care

[28]. Second, when ICU beds are needed but not available, less sick patients may

be prematurely discharged from the ICU to ward. These premature discharges are

also associated with an increased risk of death [29]. Third, ICUs operating at

capacity may be harmful to patients within the ICU, even if they are not prema-

turely discharged. Capacity strain can mean less attention paid to each individual

patient with greater potential for errors. Countering this claim are data showing that

ICU admission during times of high census is not associated with higher risk of

death compared to times of low census [30]. However, census is a crude marker for

overall strain, and novel methods that account for severity of illness may show

different results [31].

To address concerns about overcrowding, any regionalization efforts must

include sophisticated approaches to measure and manage bed census [32]. The

need for an ICU bed in a hospital is not merely a function of the patient’s

physiology and the ICU; it also depends critically on the availability and capability

of non-ICU floor beds. Improving the observation and rapid response capabilities of

non-ICU beds may play an important role. Furthermore, regionalization must

include evidence-based guidelines about which patients are eligible for ICU admis-

sion and which patients can be managed on appropriately staffed hospital wards. In

many health systems ICU beds are over utilized with as many as half of ICU

patients having an extremely low risk of death [33], suggesting that these beds are

being used to substitute for unresponsive floor options. Efforts to reduce ICU

utilization among low risk patients, and to facilitate the reverse triage of patients

whose need for high level care is completed, may mitigate concerns about

overcrowding as more high-risk patients are brought to referral centers.

Distance and Quality Tradeoffs

Inherent in any regionalization schema is the notion that patients, at least those

triaged in the field, may need to bypass the closest hospital in favor of a more

capable hospital. This creates a tradeoff between distance and quality, particularly

for time sensitive conditions such as acute myocardial infarction, stroke, and severe

sepsis. In these conditions it is not clear whether it is better to get some care as
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quickly as possible even if that care is not definitive, or to get definitive care first

even if that care is delayed through longer transport times. In acute myocardial

infarction, for example, percutaneous transluminal coronary angioplasty (PTCA)

improves outcomes compared to intravenous thrombolysis [34]. However, early

thrombolysis may be superior or at least equal to delayed PTCA [35], demonstrat-

ing a tension between early care and definitive care that is relevant to critical care

regionalization as a whole.

Another more subtle tradeoff between distance and quality stems from patient

preferences for care. To the degree that regionalization means centralization, it

entails transporting patients some distance from their homes in order to receive the

best quality critical care available. The implicit assumption here is that patients, and

their families, are willing to travel large distances in exchange for an increased

chance of survival. Critical illness is already a substantial strain on family mem-

bers, with high rates of depression and post-traumatic stress disorder [36]. Sleeping

in a hotel or hospital waiting room far from the support structures of friends and

family members may exacerbate this strain. Although this issue has not been

studied directly in critical care, evidence in other fields suggests that many patients

prefer to have their care close to home even if it means a higher risk of bad

outcomes [37]. Thus a major challenge to regionalization is keeping the system

patient centered by focusing on all outcomes that are important to patients and

designing systems that take seriously and mitigate these potential familial burdens.

Cascade Iatrogenesis

Another insidious risk of regionalization is the notion of cascade iatrogenesis,

which occurs when early decisions to initiate seemingly minor therapies lead to

the development of multiple adverse events [38]. In this case, the theoretically

innocuous early decision is the transport to a regional referral center, particularly

among lower risk patients who may not benefit from transfer. Since no triage

scheme is perfectly specific, many low risk patients will ultimately receive care

at regional centers [39]. Used to higher risk patients, these centers may routinely

perform invasive procedures such as central venous catheter insertion and pulmo-

nary artery catheter placement [40]. These therapies can cause harms such as

infection and pulmonary embolus, which can in turn lead to greater harms. To

mitigate this concern, regionalization should proceed only when triage is suffi-

ciently specific prevent too many low risk patients being transferred to regional

referral hospitals.
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Loss of Skill at Referring Centers

If referring centers see fewer and fewer critically ill patients, they may become less

and less able to care for those patients who do present to their facility with critical

illness. Some residual undertriage—the failure to refer all patients who might

benefit from regionalization—is very likely, given both the predictable imperfec-

tions of any EMS system and patients’ decisions to self-transport to hospitals [9]. It

is not clear to what extent such deskilling actually occurs and can be prevented.

Of note, providers at community hospitals that frequently initiate referral note that

the transport of high acuity patients frees them to focus on what they feel is their

primary area of expertise, the care of the numerous other lower acuity, but still sick,

patients [41].

The Evidence for Regionalization

There is little direct evidence that regionalization improves patient outcomes or

reduces costs in medical critical care. However, indirect evidence is provided by

regionalization in fields that are analogous to critical care and clinical trials of

complex therapies that entail transfer to a regional referral center.

Analogous Clinical Fields

Trauma and neonatal care provide the best indirect evidence that critical care

regionalization can improve intensive care quality. Trauma systems evolved out

of triage lessons learned from mid-twentieth century military conflicts

[42]. Although trauma systems vary from country to country, and indeed even

within countries, evidence suggests that patients with severe traumatic injury

receiving care at designated trauma centers experience lower mortality than those

receiving care at other hospitals [14]. Similarly, high-risk neonatal care is highly

regionalized in most developed nations, with the preponderance of evidence indi-

cating that extremely small premature newborns experience increased survival

when they receive care at a designated neonatology center [43].

These analogies are useful because of the many similarities between trauma,

neonatal care, and general critical illness. All of these conditions are high-risk, have

demonstrated volume-outcome relationships and require extensive expertise and

infrastructure. However, there are many differences between these disease states

and critical illness that should prevent us from making too direct a comparison

[44]. In particular, triage is much easier in trauma and neonatal care than in critical

illness, which occurs both in the field and within the hospital. General critical

illness is also much more prevalent than trauma or high-risk neonatology, meaning
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that regionalization would be a much greater enterprise. Finally, and perhaps most

importantly, critical illness is not a disease itself but is a syndrome, and a poorly

defined syndrome at that. Perhaps the greatest limitation to the trauma and neonatal

care analogies is that it is much harder to define the types of patients who may

benefit from care in a regional center.

The CESAR Trial

To date there is only one clinical trial that involved any form of regionalization for

general critical illness, the United Kingdom trial of conventional ventilator support

versus ECMO for severe adult respiratory failure (CESAR) [45]. CESAR random-

ized 180 adults with severe hypoxemic respiratory failure to either conventional

mechanical ventilation at their admission hospital or transfer to a regional referral

hospital for ECMO. Patients randomized to transfer to the ECMO center were less

likely to experience the combined endpoint of death or severe disability at 6 months

(relative risk¼ 0.69, 95 % confidence intervals: 0.05–0.97, p¼ 0.03).

The CESAR trial was designed to study ECMO, not regionalization. Yet impor-

tantly for the issue of regionalization, only 75 % of patient transferred to the ECMO

center actually received ECMO—the others continued to receive conventional

ventilator support. And all patients in the ECMO group, regardless of whether

they received ECMO, received more days of lung protective ventilation (23.9 days

versus 15.0 days, p< 0.001). Thus, a reasonable interpretation of CESAR is that it

was transfer to a regional referral hospital and receipt of lung protective ventilation,

not ECMO, that led to the improvement in outcomes. Future research should

evaluate whether transfer to a regional hospital improves outcomes independent

of salvage therapies such as ECMO. Indeed even if ECMO itself was responsible

for the improvement in outcomes, the CESAR trial provides conceptual support for

regionalization, since ECMO is unlikely to be available at all hospitals.

Key Elements of a Regionalized System

An effective regionalized system of care requires both key technologies and the

development of organizational practices to effectively utilize those technologies.

We have elsewhere argued that an effective interhospital transfer system would

function as an infrastructure, in the technical sense of that term—as a ubiquitous

and invisible set of tools that allow ready movement of patients to where they would

get the best care [46]. Here we summarize key pieces of that infrastructure.
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Identification of Regional Centers

Regionalization requires selecting a subset of hospitals as centers for the care of

some kinds of patients. Some system for selecting who is—and therefore who is

not—a regional center is necessary. Self-designation, at least in the case of trauma

centers, appears to lead to a system with simultaneously significant redundancy and

also coverage gaps [47], diluting the potential benefits. However, self-designation,

when based on objective organizational criteria, may seem fair and avoids having

some particular individual “pick winners.” Centers with high patient volumes might

be selected, given relatively consistent volume-outcome literature, although this

strategy risks excluding high-quality but low-volume centers [48]. If sufficiently

high-quality risk-adjusted mortality data is available, those data could be used to

select regional centers [5]. The preferences of political leaders might be used; if this

led to increased funding, such a system might well offer similar or greater benefits

to patients as one chosen exclusively from performance data.

Whatever system is used, institutional inertia is likely to prevent updating of

center designation as technology, skills, and population distribution change. There

have been few explicit studies of systems for updating and dynamically reallocating

regional centers, despite the fact that this is likely a pressing problem.

Triage of Patients

As noted above, a sufficiently sensitive and specific system is necessary to identify

the patients who will benefit from the move to a regionalized center without simply

sending all patients—some of whom might suffer. The extensive focus on early

detection of stroke, ST-elevation myocardial infarction, and significant trauma in

the Advanced Cardiac and Trauma Life Support courses emphasize the inadequacy

of common sense for determining who should be considered for regionalization.

Similarly, the acute respiratory distress syndrome and severe sepsis appear to be

frequently under-diagnosed in clinical practice [49]. Thus an effective regionaliza-

tion system may require aggressive case-finding, which is becoming increasingly

possible with the advance of electronic medical records and decision-support [50].

Strict triage criteria need to be balanced against the realities that the benefits of

transfer to a regional center may include a reevaluation of the diagnosis and plan of

care. Such benefits are emphasized by findings such as the CESAR trial, and similar

results in myocardial infarction and stroke, that the benefits of transfer are often not

fully explained by the particular procedure often used to justify the transfer

[46]. Ideally, a system of regionalization would include not just forward triage of

particularly critical patients, but “reverse triage” of patients no longer needing

specialized care. There have been promising studies of this approach for percuta-

neous coronary intervention for myocardial infarction, but more work is needed in

general critical care [51].
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Observational work also suggests that careful attention needs to be paid to the

incentives used to drive patient identification and transport. For example, Italian

studies suggest that interhospital transfer of patients is primarily driven by

interhospital business relationships, rather than patient-outcome focus [52]. U.S.

data similarly show that a reorganization of the system to emphasize improved

patient outcomes is possible; indeed, it might offer significant additional benefits

for patients (Table 14.2) [12, 13]. These findings together remind us that patients

are transferred, or not, for a complex set of reasons. In order to achieve patient-

centered goals of regionalization, then it will be necessary to implement and

monitor patient-centered incentives to insure optimal behavior.

Safe and Effective Interhospital Transport

Despite the numerous reports of safe and effective interhospital transport in the

published literature, there is essentially no systematic data on the availability and

quality of such transport. Some U.S. community hospitals report substantial diffi-

culty in obtaining sufficient critical care transport even in the current,

non-regionalized system [41]. Different parts of the developed world vary widely

Table 14.2 Potential value of regionalization approachesa

Patients

Mechanical ventilation

(non-post-operative)

Acute myocardial infarction who

underwent a transfer

Originating hospitals Lower than median volume

hospitals

Non-revascularization hospitals

Mechanism for regional

center designation

Nearest higher than median

volume hospitals

Revascularization hospital with best

30-day risk-standardized mortality

rate

Change to the system New transfers Rerouting existing transfers

Maximum transfer 100 miles 100 miles

Population studied Inpatients in eight

U.S. states

Medicare beneficiaries

Number of patients trans-

ferred in simulation

74,357 30,875

Potential lives saved

acutely

4,720 834

Number needed to transfer

to save 1 life

16 37

aSummarized are two simulations. One is of the potential benefits of transferring most mechan-

ically ventilated patients from lower volume to higher volume hospitals; most of these patients had

not actually been transferred [17]. The second is of the benefits of rerouting acute myocardial

infarction transfers from non-revascularization hospitals; rather than go to where they actually

went, this study simulated the incremental benefit of sending them to the nearby revascularization

center with the best 30-day measured outcomes [12]. Note that these numbers needed to transfer

compare favorably with numbers needed to treat for many accepted therapies
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in the availability, training, and credentialing of providers for interhospital trans-

port. Generalizable studies of the cost-effectiveness of different models are

urgently needed. In the meantime, individual system planners and managers need

to conduct individualized evaluations of their own transport system and whether it

can meet the needs of their regionalization plans.

Ongoing Performance Monitoring

Regionalization by definition involves greater coordination of the care of more

patients. With such increasing complexity, informal performance measurement

should be replaced by greater explicit measurement and management. Indeed, the

recent United States Institute of Medicine report that called for regionalized

emergency care noted that these systems must accountable to their outcomes

[53]. In a small hospital or ICU, implicit review by one’s partners may offer

reasonable ability to adjust to changes in capacity, patient need, and technol-

ogy—and to provide focused formative feedback and remediation. It is implausible

that such a system would work well on a metropolitan or provincial scale. Greater

explicit measurement has been a central feature of organizational growth across a

wide range of human endeavor, and regionalization of complexly ill patients seems

no different.

Complementary Strategies

The core component of regionalized critical care is the systematic triage and

transport of patients to regional referral centers. Yet there are other potentially

important components to regionalization that might complement triage and trans-

port, providing additional benefits above and beyond any quality gains that might

be expected by concentrating care at regional centers of excellence.

ICU Telemedicine

ICU telemedicine uses audio-visual technology to provide critical care services

from a distance [54]. Facilitated by the electronic health record and high-bandwidth

internet connections, ICU telemedicine typically involves not only remote moni-

toring of critically ill patients and intervention when necessary, but also screening

for routine evidenced based practices. Telemedicine is an attractive complementary

approach to critical care regionalization because the expertise of a trained

intensivists can be brought to any hospital, no matter how small or how far away

from a regional referral center. Additionally, telemedicine can help reconcile the
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distance and quality tradeoffs inherent in regionalization achieved purely through

triage and transport, as patients can potentially receive high quality care both

quickly and close to home.

At this time there is little consensus about when and how telemedicine is best

applied [55]. Existing programs use a variety of different commercial applications,

monitoring strategies and approaches for engaging bedside clinicians. The evidence

underlying ICU telemedicine is mixed, with many studies showing substantial

improvements in outcome while others suggesting no benefit or even harm

[56]. The strongest evidence comes from a recent multicenter study which com-

bined remote monitoring with routine screening for evidence-based practices

[57]. Additionally, the intervention in this study occurred in a setting in which

the telemedicine physicians also worked in the target hospitals [58]. Unfortunately,

this last component weakens the potential for telemedicine to truly improve care at

the regional level, since large distances will preclude the telemedicine physicians

from also providing bedside care. Thus the trust and effective communication that

is essential for high quality critical care may not be possible with telemedicine,

even as a complement to other forms of regionalized care.

Community Outreach

Community outreach refers to the systematic effort to standardize and improve the

quality of critical care within a region. Under a community outreach model, not

only are the sickest patients transferred to regional hospitals, but regional hospitals

participate in a program of education designed to speed adoption of evidence-based

practice and improve the quality of care. This model of regionalization, more aptly

termed “regional” critical care rather than “regionalized” critical care, has been

endorsed by several consensus groups in emergency medicine and critical care [59].

The benefits of these regional quality improvement networks, as well as their

inherent challenges, are described in a detail in a separate chapter. Specific to

regionalization, their benefits include the possibility of keeping some patients in

their community, obviating the need for expensive and stressful transfers. Addi-

tionally, these networks can help maintain a baseline quality of care that mitigate

the loss of experience that comes from routinely transferring out the sickest

patients. For example, had all patients in the CESAR trial received consistent

lung protective ventilation, even at the small community hospitals, survival may

have increased in those hospitals both for patients eligible for ECMO and other

patients with acute respiratory failure as well.
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Conclusion

Regionalization is a theoretically powerful, conceptually sound approach to

improving regional ICU quality. By taking advantage of clinical experience,

increasing access to scarce expertise and creating economies of scale, regionaliza-

tion could both improve outcomes and reduce costs. Yet at this time the evidentiary

base for regionalization remains sparse. Indirect evidence from regionalization

comes from successes in neonatal care, the volume-outcome relationship in critical

care and CESAR, a clinical trial of ECMO that involved transfer to a regional

referral hospital. However there is no direct evidence to date, let alone comparative

effectiveness data on alternative organizational strategies. There are no current

efforts to create a holistic regionalized system that spans disease states. Ultimately,

demonstration projects will be required to determine if true regionalized care is

superior to the existing ad hoc system of pre-hospital triage and interhospital

transfers for patients with critical illness. As researchers, investigators and policy

makers develop those demonstration projects, we should continue to work on

alternative and complementary strategies to improve critical care quality at the

regional level.
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Part IV

Critical Care: Global and Future
Perspectives



Chapter 15

International Perspectives on Critical Care

Hannah Wunsch

Abstract Comparisons across countries of critical care provide important infor-

mation on availability of critical care resources, implications of triage decisions,

and delivery of care in the intensive care unit (ICU) for critically ill patients. The

variety of populations, resources, care patterns, and cultures create an opportunity

to understand the impact of different care choices, and potentially reveal areas for

focus for quality improvement. Comparisons across countries highlight the lack of a

standard definition of an ICU bed. Large differences also exist in length of hospital

stay and discharge patterns, with variability in the use of support facilities, such as

hospice care and skilled nursing facilities. These differences reveal the need for

appropriate outcome measures that are not skewed by such variation. Knowledge of

provision of critical care across regions and countries may improve networks and

facilitate both daily care of patients and disaster planning.

Keywords Critical care • Intensive care unit • Beds • International health problems

• Outcome measures • Triage • Patient discharge • Clinical practice variation

Healthcare is delivered in very different ways across the globe. As we continually

seek to improve care and outcomes while minimizing costs, the breadth and depth

of care delivery options practiced around the world can help us to understand the

consequences of our care choices. International comparisons of critical care provide

important information on use of intensive care unit (ICU) beds, and delivery of care

for critically ill patients. Moreover, international data can elucidate clinical study

data so that publications from other countries are interpreted appropriately. Finally,
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in a world of potential global pandemics and natural disasters, the need for critical

care services may not always adhere to borders. Therefore, information on critical

care services worldwide is now essential to ensure appropriate planning. This

chapter describes the challenges of international comparisons and emphasizes the

areas where studies of international comparisons have provided important infor-

mation relevant to the delivery of critical care.

Definitions

A key point highlighted by international comparisons is the very question of what

constitutes a critically ill patient, or an ICU bed [1, 2]. For example, American

definitions of ICU beds may focus on having specific nurse to patient ratios, while

some European countries have definitions that focus on the type or severity of organ

dysfunction that can be supported [3]. While some of these definitions may lead to

common pathways and patients who are typical worldwide of critically ill patients,

these differences may also lead to difficulty of comparisons if the underlying

cohorts represent different types of patients with varying severity of illness. For

example, in a study of medical patients admitted to ICUs in the USA and UK, 70 %

of the patients admitted to the ICU in the UKwere mechanically ventilated, while in

the USA the number was 30 % [4]. Many of the patients admitted in the USA to

ICUs were likely cared for in high-dependency (step-down) units in the UK, which

still have a nurse to patient ratio of 1:2, and can provide some forms of organ

support (except for mechanical ventilation) [5]. Such differences can lead to a

mis-match in the comparison of patients, and also highlights the need to study these

differences and explore ways to align definitions across regions and countries.

Critical care as a specialty would benefit from adoption of internationally agreed

upon definitions, specifically with regard to the definition of an ICU bed, as this

would help facilitate appropriate comparisons as well as to allow for better under-

standing of available resources worldwide.

Regional Differences in Critical Care Availability

Despite the difficulty imposed by a lack of standardization of terminology, interna-

tional studies of ICU beds demonstrate such a magnitude of variability of provision,

as to overcome much of the uncertainty regarding definitions [3, 6, 7]. The largest

extremes are international—from sub-Saharan Africa, where there are often few

hospital beds capable of providing supplemental oxygen to countries such as Ger-

many and the USA with 20–25 ICU beds per 100,000 population [3, 6, 7]. Even

within the European Union, with substantially decreased heterogeneity in terms of

gross domestic product and overall standard of living, the differences in provision of

critical care are large, with a many-fold difference in overall provision of ICU beds

238 H. Wunsch



for the population between the UK (3–7 ICU beds per 100,000 population) and

Germany (25–30 ICU beds per 100,000 population) [3, 7].

The provision of critical care beds can be examined in many ways. The most

common approach is to assess the ICU bed availability for a given population by

examining ICU beds per capita in a specified region. Another is to examine ICU

beds as a proportion of all hospital beds. The two do not necessarily yield the same

results regarding provision; for example, the USA has a lot of critical care beds per

capita, but relatively few hospital beds [3]. This leads to a very high ratio of ICU

beds to hospital beds and changes the dynamic of care within hospitals [8]. In

contrast, Germany has a similar number of ICU beds for the population as the USA,

but also has many more hospital beds, so that only a small percentage of all the

hospital beds are for critical care [3].

Differences in critical care delivery are not just limited to the country-level.

Similar to a fractal, the same variation that is visible when comparing critical care

internationally is often visible when the scope is narrowed to the national, regional,

or local level [9]. This may be particularly true in countries where there are large

differences in urban/rural provision of healthcare resources [1]. Even in a country

such as the USA, the provision of ICU beds per capita varies from 10.1 to 59.5 per

100,000 population across regions [9].

Local variation can sometimes be driven by factors unrelated to variation seen

on the larger scale. For example, a hospital that performs coronary artery bypass

grafting, or liver transplantation, will have substantially different needs for inten-

sive care compared with a community hospital that does very little surgery and

mostly treats emergency medical cases. Moreover, at the local level, some of the

variation in provision of services may be offset by the ability to make use of the

inter-connectedness of ICU facilities, such that local variation can be overcome to

some degree through the use of critical care transfer systems [10].

Regional Differences in Critical Care Outcomes

Trying to interpret differences in outcomes associated with critical illness is the

biggest challenge in international studies. The problems of comparing outcomes

can be divided into at least six areas (see Table 15.1): the denominator, patient

selection, delayed admissions, discharge practice, other care locations, and end-of-

life care. With attempts to assess differences in outcomes internationally, we have

been able to begin to tease apart how all of these factors impact the type and quality

of care delivered to critically ill patients. Due to the large differences across

systems, studies often end up highlighting the differences in delivery rather than

providing concrete conclusions regarding the outcomes.
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Denominator

The “denominator” problem is due to the fact that one needs to compare similar

populations with regard to age distribution, genetic predisposition to disease,

underlying comorbidities, and also any instigating problems that may lead to

critical illness (such as the rate of trauma), in order to fairly assess differences in

outcomes for those patients [11]. One of the biggest factors that may impact who

develops a critical illness may be the underlying health of a population. For

example, comorbidities such as diabetes may predispose people to developing

critical illnesses due to increased risk of infection and renal failure. In a comparison

of two cohorts of middle-aged people in the USA and Great Britain, the Americans

were twice as likely to have diabetes and a third more likely to have hypertension

[12]. These increased comorbidities that may predispose to critical illness can also

impact outcomes from critical illness itself. For example with diabetic patients

important aspects of recovery, such as wound healing, may also be impaired.

Patient Selection

A related issue is one of patient selection. Along with differences in predisposition

to critical illness are the many factors that lead to the decision to admit a patient to

Table 15.1 Challenges in the regional, national, or international comparisons of outcomes in

critical care

Challenge Description

Denominator • Different age distributions

• Genetic predispositions to critical illness

• Underlying burden of comorbidity in the population

• Rates of surgery and/or trauma in the population

Patient selection • Admission dependent on availability of ICU beds

• Severity of illness threshold for admission to ICU

• Decision to perform a high-risk operation requiring intensive care

Delayed admissions • Route for admission to ICU related to underlying availability of ICU beds

• Tendency for stabilization on wards, or treatment in emergency

department prior to transfer to ICU

Other care locations • Availability of stepdown/intermediate care

• Recovery room capable of providing ICU-level care

• Protocols that allow for care of certain patients, or delivery of certain

medications (such as vasopressors) on wards

Discharges • Availability of skilled care or other intermediate care facility versus

discharge home

• Availability of ventilator weaning facilities

End-of-life • Religious or cultural preferences for intensity of treatment

• Expectations for intensive care

• Legal framework for provision of care
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the ICU. One large difference may be in decisions regarding use of surgery that will

change the likelihood of using intensive care services. For example, in a study

comparing Alberta Canada and Western Massachusetts, the per capita rate of major

reconstructive vascular procedures was 3.4 times higher in the US cohort compared

with the Canadian cohort, leading to an overall greater use of critical care services,

and a higher mortality rate in the USA, likely related to operating on sicker

patients [13].

Outside of specific surgical procedures, admission decisions are notoriously hard

to capture due to the fact that they are often emergent and occur prior to ICU

admission [11]. Data collected, such as in the SOAP study, demonstrate that the

percentage of patients with sepsis in the ICU varies dramatically across Europe,

likely driven by the underlying differences in bed availability [3, 14]. A comparison

of admissions to intensive care in New Zealand versus the USA noted the difference

in ICU beds as a percentage of hospital beds (1.7 % of total beds in the New Zealand

hospitals versus 5.6 % in the US hospitals). The average age of the patients admitted

to intensive care was substantially lower in New Zealand (42 versus 55 in the USA),

and fewer patients in New Zealand had severe chronic health conditions or were

admitted after elective surgery [15].

Variation in admission practices is certainly not limited to differences between

countries. For example, an analysis of the frequency of admission to ICU for

patients admitted to the hospital with diabetic ketoacidosis in New York State

found a range of ICU admission of 0 to 100 % across hospitals [16]. A study

from the US Veterans Affairs hospitals also demonstrated large variation in admis-

sion practices for a relatively homogenous patient population [17]; for patients who

were admitted directly from the emergency room to the ICU, 53.2 % had a 30-day

predicted mortality at admission of 2 % or less. When examined by individual

hospital, the rate of ICU admission for all emergency room admissions with this

low predicted risk of death ranged from 1.2 to 38.9 %.

While this observed variation may be vexing, it brings up the important question

of what constitutes appropriate admission policies for intensive care? This is an area

with little guidance for practitioners. For example, the Society of Critical Care

Medicine guidelines recommend only that “ICU admission criteria should select

patients who are likely to benefit from ICU care,” [18] without clear data to support

which patients fall into this category. We may be able to begin to leverage the

differences in decision-making between regions and countries to understand the

consequences of more liberal or conservative admission patterns [19].

Delayed Admissions

The timing of admission to ICU may have a large impact on outcomes, and may be

influenced by the overall provision of intensive care beds. In a study of medical ICU

admissions in the USA and UK, patients in the USA were much more likely to be

admitted directly from an emergency room to the ICU, whereas patients in the UK
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were more likely to receive care on a regular ward prior to ICU admission

[4]. Hospital mortality for patients in the UK was much higher than in the USA;

however when the analysis was restricted to patients who came directly from the

emergency room, the outcomes were more similar, suggesting that the routing of

patients to the ward first may be detrimental in some cases. In particular, patients

with severe sepsis, or septic shock, may gain great benefit from early admission to

ICU [20, 21]. A recent study from France found that patients who were initially

denied admission to ICU, but then subsequently admitted, had higher mortality than

patients who received intensive care immediately [22]. In a smaller study of

emergency department (ED) patients with community-acquired pneumonia,

patients who had delayed transfer to the ICU (defined as transfer to the wards and

then the ICU on day 2 or 3 of the hospital stay versus directly from the ED), had

substantially increased hospital mortality (odds ratio 2.07, 95 % CI 1.12–3.85)

[23]. A similar study by Chalfin et al. of patients who stayed in the ED for more than

6 h versus those transferred to the ICU in under 6 h found both increased risk of

hospital death and longer hospital stay for patients having a delayed admission [24].

Other Care Locations

As care of hospitalized patients has become more complex, there has been a growth

of care options within many hospitals. The simple model of ICU beds and floor beds

may now be complicated by intermediate (or high-dependency or stepdown) beds,

recovery room beds, vent weaning beds, coronary care unit beds, telemetry beds,

and short-stay “observation” beds that may all provide options for patients in and

around their need for critical care. A survey of the use of “respiratory” intermediate

care units across Europe found substantial heterogeneity in the availability of these

units [25]. The role of these types of beds, in particular, remains unclear in

comparisons across countries (or hospitals, for that matter). A few small studies

suggest that having step-down beds may alter the length of stay and severity of

illness of patients in the ICU, but this area has not been fully explored [25–27].

Discharges

International data highlight the ways in which hospital discharge patterns may

vary. The driving factor appears to be the availability of alternate care options

outside of the acute care hospital. Many countries have no alternatives to sending

patients home, leading to patients staying in the hospital until physically well

enough to be discharged home, which then translates into longer lengths of stay

in the acute care hospital [4]. The USA, in particular, has a different model for care,

with use of both sub-acute nursing facilities (SNF) and long-term acute care

facilities (LTAC) as discharge options, particularly for chronically critically ill
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patients [28]. Currently, up to 33 % of Medicare patients cared for in ICUs in the

USA are discharged to SNFs or LTACs, with projected growth in the coming years

[29, 30]. Transferring patients to facilities who are not yet well enough to go home

clearly alters average ICU and/or hospital length of stay and, perhaps more impor-

tantly, ICU and/or hospital mortality, thereby potentially altering the perceived

efficacy of ICU-specific interventions [31]. Due to the use of these facilities, short-

term outcomes after critical illness in the USA are particularly difficult to compare

with other countries. For example, in a direct comparison of severely ill medical

patients, 53.9 % of patients were discharged to a skilled care facility in the USA,

with only 7.9 % discharged to similar facilities in the United Kingdom [4]. These

data reinforce the importance of longer-term follow-up of critically ill patients to

ensure valid, comprehensive estimates of outcomes. But, additional follow-up

beyond acute care hospitalizations is often prohibitively expensive and time-

consuming. One proposal is to use the measure of “discharge home,” rather than

hospital mortality as a more equivalent short-term comparator. However, some

patients in the USA are able to go home after a short stay in another care facility,

which may then create additional biases.

End-of-Life Choices

End-of-life cultural preferences and practices are also diverse. In ICUs in some

regions in Europe physicians are two to three times as likely as in other regions to

withdraw life-sustaining treatment [32–34]. Additionally, the defaults regarding

cardio-pulmonary resuscitation may vary, even between regions in the same coun-

try [35–37]. International differences in the attitudes and care approaches at the end

of life can have profound effects on study results, even in randomized-controlled

trials. For example, a study of non-invasive ventilation in acute cardiogenic pul-

monary edema in the UK demonstrated an intubation rate of 2–3 %, yet a 7-day

mortality of 9 %, suggesting that many patients who died were never intubated [38];

this same pattern of care is unlikely to occur in places such as the USA. We know,

for example, that approximately 20 % of people in the USA receive intensive care

prior to death, whereas only 5 % do in the UK [39]. This raises the question of what

is gained by the additional intensive care, and alternatively what opportunities to

save lives may be lost by the lower use [19].

The religious and cultural differences that exist between individual physicians

themselves have a large impact on end-of-life practices, with the median time from

ICU admission to any limitation of therapy varying by as much as 6 days,

depending upon physician religion [40]. Different societies also have varying

perceptions of chronically critically ill patients. The preferences for dialysis,

mechanical ventilation, artificial nutrition, etc. may differ and drive treatment

choices. For example, in a study of home mechanical ventilation across European

countries, the prevalence varied from 0.1 per 100,000 population up to 9.6,

depending on the country [41].
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Conclusions

The variety of populations, resources, care patterns, and cultures create an oppor-

tunity to learn from others. International data on critical care can elucidate care

patterns and reveal areas for focus for quality improvement. The creation of a

standard definition of an ICU bed would help to limit uncertainty and improve the

quality of comparisons. Data from international comparisons highlighting the wide

range of processes of care and patient flow patterns also underscore the need for

appropriate outcome measures that are not skewed by such variation. Finally, we

are beginning to gain a better understanding of the overall availability of resources

across many countries. Such knowledge of provision of critical care may improve

networks and facilitate both daily care of patients and disaster planning.

Sources of Support Award Number K08AG038477 from the National Institute on Aging.
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Chapter 16

Critical Care in Low-Resource Settings

Srinivas Murthy, Sadath A. Sayeed, and Neill K.J. Adhikari

Abstract The care of critically ill patients is a global enterprise, regardless of the

capacity of the specific healthcare system. In this chapter, we discuss the delivery of

critical care in resource-limited settings with respect to the burden of critical illness,

supply and costs of critical care resources, and ethical issues. We argue that the

burden of critical illness in low-resource settings is substantial, increasing, and not

met by current healthcare resources. Assuming an ethical framework of health as a

human right, scale-up of critical care services must be considered along with more

traditional public health interventions. Successful and cost-effective implementa-

tion of critical care in resource-limited settings will likely require local training of

healthcare personnel and novel and domestically produced adaptation of existing

technology, but the optimal approaches to organization of health services, knowl-

edge translation, educational program design, and technology adaptation are largely

unknown and will require additional research.

Keywords Global health • Critical care • Sepsis • Developing countries

Critical care has expanded tremendously, in terms of both clinical scope and global

reach, over the past 60 years. Over that time, the integration of services to care for

the sickest patients in the hospital has become a vital component of all health
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systems. Whether defined by the complexity of the interventions delivered or the

training of the physicians involved, the organization and allocation of critical care

resources is a vital consideration in all settings, including those with limited

resources.

Health system design in resource-limited regions has traditionally focused on

low-cost interventions, with more intensive resources restricted to referral hospitals

in major cities. The provision of sanitation, immunizations, and adequate nutrition

has long been established as a cost-effective path to public health when finances are

constrained. India, for example, has made substantial regional improvements in

health outcomes related to the expansion of immunization practices and the provi-

sion of clean water and sanitation in its rural regions [1, 2]. For common diseases

such as HIV, malaria, and acute malnutrition, concerted global effort has produced

feasible and inexpensive interventions for resource-limited countries [3–5]. This

work has integrated high-income country interventions (primarily medications and

vaccinations) into the resource-limited healthcare structure, with the ongoing

challenges of limited diagnostic and therapeutic technology, and variable clinical

training and experience. Although much global health work is focused on primary

care, acute care is increasingly recognized as complementary and likely will help

achieve the Millennium Development Goals of reducing acute illness, morbidity,

and mortality in women and children, and has been endorsed by the World Health

Organization [6, 7]. Accordingly, numerous middle-income countries have dramat-

ically expanded the accessibility to intensive care units (ICUs), especially among

the growing urban population [8–10].

This chapter will discuss issues pertaining to providing critical care resources in

financially constrained regions, including formulating a research agenda for the

future. Recently published reviews are available for further reading [11, 12].

The Global Burden of Treatable Critical Illness

There are a variety of approaches, all fraught with challenges, to defining the global

burden of critical illness, defined as the number of patients that would potentially

benefit from access to critical care resources [13]. One approach would be to count

the patients admitted to ICUs around the world. However, this strategy would

significantly underestimate the burden of critical illness in low-resource settings

that lack the capacity to care for these patients in specialized units. For example,

pneumonia is the leading cause of mortality in low-income countries globally [14];

proximal mechanisms of such deaths may have included critical care-specific

syndromes such as respiratory failure, acute respiratory distress syndrome, or

sepsis. Such syndromes are unique in that the definition depends on the availability

of critical care interventions, such as mechanical ventilation and vasopressors. In

contrast, most other acute conditions, such as myocardial infarction or trauma, are

readily diagnosed and burden data therefore more easily determined.
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A second approach would be to extrapolate high-income country epidemiology

to low-resource settings. However, this is problematic for a variety of reasons. First,

the diseases that lead to fatal outcomes differ, given the differing rates of

co-morbidities related to lifestyle, such as obesity; genetic, such as sickle-cell

disease; or environment, such as infectious diseases [15]. For example, data on

sepsis incidence and prognosis from the USA or Europe would not be expected to

apply to regions where malaria or dengue fever are endemic. Second, the demo-

graphic profile in low-resource settings is younger, and is mirrored by admission

patterns to hospitals and ICUs, for whom the prognosis for recovery from critical

illness may be better [20, 21]. Third, some critical illness also depends on the

supply of other medical care; health systems that provide bone marrow transplan-

tation for leukaemia and surgery for cardiovascular disease will generate more

critical illness than those that do not.

A third approximation would assume that all deaths occurring in a region had

critical illness at some stage of their illness. Adding these deaths to an estimate of

the number of patients with critical illness who survive would produce a regional

burden of critical illness. This approach may overestimate the burden of critical

illness by including patients with terminal conditions for whom critical care would

not be expected to help.

Observational studies of critical illness syndromes in the developing world are

restricted to a few ICU-based studies that almost certainly underestimate the true

population burden of these syndromes [15, 16]. Compared with developed world

settings, which have some population-based epidemiologic data for critical illness

syndromes such as ARDS, sepsis, and acute kidney injury, data for lower income

countries are restricted to broad disease classifications, limiting inferences about

critical illness prevalence or incidence [16–19].

Given the challenges in defining who will benefit from critical care, only rough

estimates of the burden of critical illness can be extrapolated from mortality data,

using the third approach outlined above. Patients with conditions such as malaria or

pneumonia that respond to acute interventions such as fluids, mechanical ventila-

tion, and antibiotics would likely have a lower risk of mortality with increased

accessibility to critical care. In contrast, patients with chronic conditions that

require a larger healthcare infrastructure to manage effectively, such as malig-

nancy, would likely require investments in oncologic care to have any sustained

benefit from access to episodic critical care. For this discussion, we assume that all

acute conditions, including trauma, ischemic heart disease, pneumonia, and other

acute infections that could lead to a fatal outcome are relevant for determining the

global burden of critical illness. These conditions exclude chronic diseases such as

neoplasms and hepatitis B infection for which the benefit of critical care is less

clear. Using the number of deaths, based on Global Burden of Disease [14] data, to

estimate the burden of critical illness and ignoring hospitalized survivors, the

burden of critical illness is seen to be primarily in low- and middle-income settings

(Table 16.1). It is evident that the global population that succumbs to critical illness

is large, and assuming even partial mitigation by a modest expansion of critical care

services, the potential lives saved are numerous [13].

16 Critical Care in Low-Resource Settings 249



Global Trends in Critical Illness

A number of social and economic trends will likely contribute to shifts in the burden

of critical illness in low-resource settings. In high-income regions, the burden of

critical illness is projected to rise considerably due to the aging population, their

burden of co-morbid diseases, and broadly held expectations of the merits of life-

sustaining interventions near the end-of-life. For the rest of the world, the crucial

demographic trend is the rapidly urbanizing population, with more than half the

world’s population now living in cities with the proportion projected to rise further

over coming decades [20]. This trend will locate a greater proportion of each

country’s population within reach of urban referral hospitals with ICUs

(Fig. 16.1) [21]. Faster than the pace of urbanization, however, is the 10 % annual

rate of rise of the slum-dwelling population, currently estimated as 33 % of the

urban population in all developing regions globally and 62 % in sub-Saharan Africa

[22]. This latter trend may increase the transmission of infectious diseases and thus

the incidence of sepsis-related syndromes.

Table 16.1 List of causes of death that would benefit from the availability of critical care services

Annual deaths by income group (in thousands)

High

income

Upper

middle

income

Lower

middle

income

Low

income

Population 977,189 579,621 2,464,976 2,412,669

Total deaths 8,144 5,556 18,793 26,251

Tuberculosis 15 98 444 907

Diarrhoeal diseases 14 35 308 1,806

Childhood diseases, i.e. pertussis, measles,

tetanus

1 2 64 780

Meningitis 3 11 62 263

Malaria 0 2 30 857

Dengue 0 0 7 11

Japanese encephalitis 0 0 3 8

Lower respiratory infections 307 146 778 2,943

Upper respiratory infections 4 4 26 43

Maternal conditions 2 9 66 449

Perinatal conditions 37 95 650 2,397

Diabetes mellitus 224 142 381 393

Cardiovascular diseases 3,027 2,422 6,474 5,142

Respiratory diseases (COPD+Asthma) 476 219 2,012 1,328

Nephritis/nephrosis 127 59 254 298

Injuries (unintentional and intentional) 509 637 2,318 2,318

Deaths from conditions that would benefit from
availability of critical care

4,746 3,881 14,335 20,374

Percentage of all deaths that would benefit

from availability of critical care

58.5 69.8 76.3 77.6

Data are from Global Burden of Disease [14] and are based on official national data, disease

modelling, or family recollection of the cause of death
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As SARS and the recent H1N1 influenza pandemic have clearly illustrated,

critical care resources remain the last defense against large outbreaks of disease.

With increasing rates of global urbanization and international migration, the poten-

tial risks of emerging and re-emerging infections rise as well, increasing the needs

for critical care services to cope with large numbers of seriously ill patients

[23]. The risks of bioterrorism and natural disasters will also remain, with more

people affected, given population clustering. Cities are becoming younger as

migrating labour shifts from rural to urban areas (Fig. 16.2) [20]. Therefore,

urbanization is also associated with economic development, with poverty rates

Fig. 16.1 Urban and rural population by development regions, 1950–2050 (projected). Data

available from http://esa.un.org/unpd/wup/index.htm [21]

Fig. 16.2 Percent of population between ages 15–40 in urban and rural regions. Source: UNdata
(data.un.org)
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declining in many regions (Fig. 16.3). As economies develop, more income is

available for healthcare, including potentially for critical care (Fig. 16.4).

Fig. 16.3 Percentage living

on less than $1 per day.

Source: UNdata (data.un.
org)
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Fig. 16.4 Percentage of population living in urban settings compared with total expenditure on

health as percentage of total GDP. Circle size represents population *Source: WHO National

Health Accounts Country Database, 2011. Available at www.who.int/nha **Source: World

Urbanization Prospectus, 2011. Available at esa.un.org/unpd/wup/index.html
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Costs and Resources for Critical Care

There is no debate that critical care is expensive, even outside of high-income

countries. For example, the daily ICU cost in a private hospital in India may be up

to US$2,400 [24], similar to high-income settings. These costs include not only ICU

costs (namely capital equipment, personnel, consumables) but also long-term

survivor costs. Especially in severely cost-constrained environments, each of

these cost categories must be minimized to deliver affordable, yet effective, inten-

sive care. For example, although ensuring a constant power supply, acquiring

ventilators, and scaling up infrastructure to supply oxygen are expensive, various

adaptations may reduce costs. Examples include simplified oxygen systems using

oxygen concentrators [25], refurbished incubators for infants [26], and inexpensive

mechanical ventilators [27, 28]. Ultrasound and point-of care laboratory testing

may reduce costs related to radiology and centralized laboratories. Domestic

production of healthcare technology, as being developed in China and India, is

another method to reduce costs and avoid importation from the USA or Europe

[29]. Funders are likely to hesitate when extending the costly Western form of

critical care to low-resource regions, and hence novel adaptations of existing

technologies or new technologies must be developed.

In addition, a paramount concern is the dearth of appropriately trained personnel

to deliver critical care in resource-limited settings. Given the sharp inequality in the

distribution of academic ICUs and the specialized knowledge required, training

opportunities in resource-poor regions remain sparse. In Nigeria, for example, there

are only 380 critical care trained nurses for a population of over 140 million

[30]. Existing ICUs are often staffed by providers who have partially trained in

high-income regions and are at high risk of emigrating to these settings, further

depleting personnel. Solutions to this “brain drain” are complex [31, 32]. In addi-

tion to imposing limitations on active poaching by high-income countries, resource-

limited settings must increase the appeal for personnel to remain. Promising

strategies include founding and recognition of national critical care societies [10],

increasing domestic training programs for healthcare staff [8, 33], and utilizing

physician extenders [34], all of which could help facilitate staff training and

retention. Domestic training has proven successful, for example through

programmes focused upon the retention of physicians in Ethiopia [35] and broad

dissemination of short courses in intensive care [35, 36].

Consumables such as blood products and drugs are another area of substantial

ongoing costs. Antibiotics comprise approximately 50 % of all drug and nutrition

costs in Indian ICUs [37], with the need for more expensive drugs driven by

antibiotic resistance [38]. Mitigating this, many countries have drug cost agree-

ments with generic and brand-name pharmaceutical companies to reduce costs, but

these typically are restricted to common outpatient drugs and should be extended to

all drugs used in hospitals. Blood products, especially platelets [39] or

leukoreduced blood [40], pose a particular challenge due to substantial fixed

infrastructure costs to maintain a safe blood transfusion system.
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There is substantial long-term morbidity for survivors of critical illness, even in

young patients who were healthy prior to critical illness [41]. Long-term health-

system utilization and costs of survivors of critical illness are difficult to estimate

and likely context-dependent, given that costs for caring for survivors will be

absorbed by families in many health systems [42, 43]. These significant down-

stream costs of improved survival after critical illness should be anticipated as

critical care resources expand.

Critical care medicine is an especially cost-intensive field, with its ratio of cost

per life saved among the highest in healthcare [44], being focused on reversing

acute organ dysfunction in individuals rather than preventing acute illness in

populations. In developed settings, the cost-effectiveness of critical care, studied

5 years after admission, has been found to fall within acceptable ranges [45–47],

defined by the World Health Organization as interventions costing up to three times

the per capita gross domestic product of the region [48–50]. Hence, cost-

effectiveness will depend on the baseline economic indicators of the region. Critical

care interventions vary greatly in cost, and as noted above, even advanced tech-

nologies like ventilators can be manufactured more cheaply than in high-income

countries. Therefore, regions must tailor the extent of their interventions to their

economic situation [51].

The Supply of Critical Care Resources

The current distribution of critical care resources is unclear, given the lack of

standardized definitions [52]. In high-income countries, variable definitions chal-

lenge international resource comparisons [53]. In many low- and middle-income

countries, critical care is a private industry and not measured in national statistics

[54]; in others, beds are misclassified as critical care even though they have no more

resources than standard. Referral hospitals in major cities are the primary locales

for intensive care, ideally centred within a regional transport infrastructure [55]. In

general, however, access to critical care resources in developing regions remains

sparse (Table 16.2) [56, 57]. This phenomenon extends from ICU infrastructure to

processes of care; for example, the ability to implement recommended management

strategies for sepsis, even those that are relatively inexpensive, is low across Africa

[58] and parts of Asia [59].

The Ethics of Cost-Intensive Care in Cost-Limited Settings

Substantial ethical challenges emerge when considering the incorporation of crit-

ical care into financially disadvantaged regions, both in terms of its distribution and

its practice. The argument for its provision in cost-limited settings rests primarily

upon healthcare being accepted as a fundamental and universal human right.

However, it is important to recognize the stakes when we insist that a right to

health care is universal. If we accept the metaphor of rights as trump cards, we are
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imbuing them with a special normative force, and as such, they compel us to act in

certain ways [60]. To give a common example, the right to free speech in the USA

trumps many other important social aims. In general, someone can say offensive

things in public places and cannot be legally stopped from doing so, because the

right to free speech trumps other legitimate concerns. Similarly, but more contro-

versially, we can insist that a right to health care trumps other legitimate aims, such

as the accumulation of vast personal wealth [61]. Of course, we do not actually live

in a world that treats access to adequate health care as a right with such a broad

power to trump, despite declarations claiming otherwise [62]. In the hierarchy of

human rights, we certainly do not prioritize it over many others. We also lack any

tangible enforcement mechanisms because access to health care depends on a

remarkably complex set of highly contextualized, economic, social, and political

factors that defies the simple assertion of individual moral claims.

Thus, the contemplation of universal human rights, including even a “basic”

right to health care [62], presents a formidable challenge for anyone seriously

concerned with the just distribution of health care services across all human

populations [63]. For example, this claim could appear to demand that if intensive

Table 16.2 Availability of intensive care resources by country

Number of

ICUs

Number of ICU beds

per 100 hospital beds

Number of ICU beds per

100,000 population

North America

Canada 319 3.4 13.5

USA 5,980 9 20

Caribbean and South America

Colombia 89 3.5 –

Trinidad & Tobago 6 2.1

Europe

Belgium 135 4.4 21.9

Croatia 123 3.3 20.3

France 550 2.5 9.3

Germany – 4.1 24.6

Netherlands 115 2.8 8.4

Spain 258 2.5 8.2

Sweden 89 – 8.7

UK 268 1.2 3.5

Africa

South Africa 308 1.7/8.9a 8.9

Zambia 29 0.2 –

Australasia

Australia 160 – 8.0

New Zealand 26 0.9 4.8

China – 1.8, 1.3–2.1 3.9, 2.8–4.6

Sri Lanka 52 – 1.6

Data are adapted from [13] and are estimates
aPublic/private
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care services are available to any, they must be available to all, a rarely acknowl-

edged point.

As Thomas Pogge argues: “Our world is arranged to keep us far away from

massive and severe poverty and surrounds us with affluent, civilized people for

whom the poor abroad are a remote good cause alongside the spotted owl. In such a

world, the thought we are involved in a monumental crime against these

people. . .will appear so cold, so strained and ridiculous, that we cannot find it in

our heart to reflect on it any farther” [64]. When high-income country citizens

consider their moral obligations to those in living in poverty, basic health care

services are generally favoured over intensive care medicine. To the extent that any

services beyond basic health care are made available, they are often understood as

generous gifts from donors. Even if we can appreciate the injustice of unequal

access to intensive care, we accept practical ethical trade-offs—for example,

vaccination programs vs. intensive care—which naturally follow from an

economics-driven, rather than a rights-driven approach to healthcare.

Beyond dissemination, the administration of critical care resources in financially

limited settings poses ethical challenges. As private hospitals currently supply most

critical care in some regions, issues of distribution and accessibility inevitably arise

[8, 54, 65]. Varying thresholds for end-of-life decisions in low-income settings

have been clearly demonstrated to relate to the patient’s economic status, and

guidelines are lacking [66]. Finally, given the mismatch between critical care

demand and supply in low-income settings, rationing is certain, especially in the

absence of an evidence base to guide appropriate decisions [67].

A Research Agenda to Improve Critical Care Delivery

and Future Directions

Given the knowledge gaps in critical care delivery in low-resource settings, and the

potential for substantial improvements in health outcomes, there is a dire need for

research on critical illness systems in resource-poor regions to better guide

policymakers. First, cost-effectiveness analyses of current and proposed practices,

from the societal perspective of various regions, need to be emphasized. Examples

of practices include local training of nurses and physicians, regionalized care

models with transport systems, and specific medical interventions such as mechan-

ical ventilation or medications.

Second, technologies and interventions must be adapted to these settings,

including sepsis management guidelines [57, 68], quick check emergency triage

algorithms [69], and low-cost mechanical ventilators [28]. The recent example of

the FEAST randomized trial, which unexpectedly found harm when fluid boluses

were administered to febrile African children, illustrates the hazards of uncritical

adoption in low-resource settings of resuscitation strategies that are generally

accepted in high-income settings [70]. Clinical research and patient triage would
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benefit from adapted scoring systems that include easily measured parameters

[71]. Similarly, while the clinical use of biomarkers in sepsis is controversial

[72], a rapid point-of-care test to identify septic patients in community settings to

expedite referral to higher level care centers is an area of focus for large funding

organizations.

Third, population-based epidemiologic studies of the burden of critical illness,

with definitions of critical illness syndromes adapted to decrease reliance on

technology [73], are required for evidence-based policy creation and implementa-

tion. A more accurate estimate of the potential lives saved through critical care

resource dissemination will serve to cement its role in the healthcare system, and

ensure its expansion proceeds through an evidence-based trajectory.

Health services research is underemphasized in the developing world, as many

health systems have scaled up simply through market demand. However, it is vital

to determine how best to treat patients with critical illness based on need rather than

financial considerations. Most importantly, patients who would benefit from a

modest expansion of critical care capacity must be identified and offered treatment;

in particular, those with a low burden of co-morbidity or reversible organ failure

may be candidates for critical care, while those with severe underlying disease may

be excluded [74]. Although the creation of ICU admission guidelines for

low-resource settings is bound to be controversial, healthcare funders are likely to

see them as integral to the success of a relatively limited investment in critical care.

Other questions include the appropriate balance of private and public healthcare

delivery, integration of pre-hospital, clinic, emergency, and transport systems, and

regionalization of ICUs and ancillary hospital resources.

Conclusions

The scaling up of intensive care resources in lower income regions is under way

because of growing national income and citizen expectations of healthcare. Ques-

tions regarding accessibility, distribution, and capabilities of ICUs are currently

largely unanswered. As the field strives to answer these questions, there exists the

possibility to save many lives in all global regions.
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Chapter 17

Disaster Planning for the Intensive Care

Unit: A Critical Framework

Daniel Ballard Jamieson and Elizabeth Lee Daugherty Biddison

Abstract Safe and efficient delivery of critical care during disasters is a complex

endeavor that requires meticulous planning. Development of an initial plan should

take an “all-hazards” approach, building a basic plan that covers all disaster types.

Planners can then use a hazard-vulnerability analysis (HVA) to focus more specific

planning on those disaster types for which a given health system, hospital, or

intensive care unit is at greatest risk. Plans should incorporate three equally

important areas: the availability and use of physical space, hospital resources

(supplies and equipment) both on site and readily available, and staffing concerns.

Potential need for evacuation should also be addressed. Horizontal (within hospital)

and vertical (complete) evacuation planning should also be undertaken. Finally,

disaster plans should include guidance for the allocation of scarce healthcare

resources if all surge capacity is exhausted and evacuation is not possible. Scarce

resource allocation planning is essential to maximizing the likelihood that limited

resources will be distributed in a fair and transparent way during a crisis. Disasters

create a myriad of challenges for healthcare delivery. Careful planning can mitigate

the potential harms to patients in such situations and provide a structure for

delivering safe, efficient care in spite of those challenges.
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Introduction

Healthcare disaster preparedness is a rapidly expanding field. Much thought and

funding has been dedicated to healthcare disaster planning, both at the individual

hospital level and through various government entities and university-based centers

[1, 2]. The evidence base needed to guide healthcare disaster planning, however,

remains limited. Most available critical care disaster planning guidance is based on

expert consensus on best practices [3]. In 2007 a task force was convened by the

American College of Chest Physicians, which produced the most comprehensive

summary of best practices in the field at that time. These recommendations were

first summarized in 2008 by the Task Force for Mass Critical Care of the American

College of Chest Physicians Critical Care Collaborative Initiative and are currently

undergoing revision [4–8] (Devereaux A, 13 July 2013, Personal Communication).

Healthcare disaster planning is complex and can be daunting. Here we argue that

the foundation of all disaster planning should involve an all-hazards approach and

should be based on a carefully executed hazard vulnerability analysis (HVA). We

then address planning for surge capacity, focusing on three major planning areas

identified by the Working group on Emergency Mass Critical Care: Increase in

critical care space, equipment availability, and personnel [6]. Finally we address the

logistics of the evacuation of the critically ill, and we explore life-saving resource

allocation when all surge options have been exhausted and evacuation is not

possible. Although we limit our focus here to the intensive care unit (ICU), we

believe successful planning requires coordination across hospital units and depart-

ments and between regional and, at times, national organizations.

All-Hazards Planning and the Hazard Vulnerability

Analysis

When initiating disaster planning, hospitals should adopt an all-hazards approach.

This approach focuses initial, core planning efforts on response needs common to

all disasters, simplifying both planning and implementation [9]. For example, all

disaster responses should be carried out using an incident command system, with a

clear hierarchical structure. Likewise, all responses require a communications plan,

both within the hospital and with regional and national agencies. Given the variety

and scale of many potential disasters, planning for all disaster types is an enormous

undertaking; focusing on the capabilities common to all responses creates a foun-

dation which can be augmented with additional detail to enable swift, efficient

response to a broad range of disaster types, from a catastrophic weather event to an

earthquake or a nuclear detonation.

Specific planning efforts beyond the all-hazards model should be focused on

those disasters for which a given institution is most at risk. Those disasters are best

identified through a systematic HVA [10]. An HVA may be undertaken at regional,
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hospital-wide, and unit levels to identify hazards that are most likely to occur in that

area, hospital, or unit, so that plans can be tailored appropriately.

Disasters are inherently unpredictable. In recent years, the USA has experienced

a large series of “never” events. These include an earthquake on the East Coast

during the summer of 2011 [11], and the “super storm” hurricane Sandy impacting

New York City and much of the mid-Atlantic in late 2012. Damage from the super

storm necessitated evacuation of three hospitals with costs into the billions of

dollars [12]. Although pre-event planning within a defined framework is essential

for preparing an ICU to face disaster, planners must be aware that disaster response

requires flexibility and learning in real time.

Planning for Surge Capability

Surges in critical care occur along a continuum of scale, and, as such, surge

capability plans should be scalable. Conventional capability must be scalable to

have contingency capability and even expand with the largest of disasters to “crisis”

capability. Conventional capability refers to disasters in which medical care can be

provided without disruption of services at the receiving hospital. Contingency

capability refers to the ability to provide usual care, but only after modifications

are made to standard utilization of space, supplies and staff, described below. Crisis

capability represents the extreme situation in which the ability to provide usual care

may be limited, even with implementation of all resources available for surge

capacity [13].

Space

In a disaster, ICUs may face an influx of patients either immediately or over a

period of weeks. Defining a hospitals specific surge capability (resources available

above those used routinely) begins with identifying what physical locations (capac-

ity) are available to care for the critically ill. There are nearly 94,000 ICU beds

(nonfederal) in the USA. On average, 68 % of these beds are filled, although many

hospitals have much higher average ICU occupancy [14, 15]. In an era of rising

healthcare costs, it is rare for hospitals to maintain reserve critical care beds to

manage surges in patient flow, simply because the cost of doing so is high. Thus, in

the event of a surge of patients, many will likely need to be cared for outside of

traditional ICUs. Post-anesthesia care units (PACU), emergency department critical

care areas, and procedural areas equipped with oxygen and suction equipment

should be evaluated and inventoried for surge capability. A preliminary estimate

of surge capacity may be calculated taking into account these areas and the number

of traditional critical care beds a given hospital typically has available. Planners

must be aware that usual hospital operations and associated revenue are likely to be
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significantly hampered if areas such as PACUs and ORs are removed from normal

use and elective surgeries are cancelled in order to provide surge capability.

Depending on the duration of the disaster, cost considerations may become

extremely important and may need to be addressed on a state or federal level. Of

note, during a response, use of non-traditional patient care areas for delivery of

critical care should only be undertaken after all patients that may be safely cared for

outside of ICUs have been transferred to lower levels of care and others that may be

safely evacuated elsewhere have been moved.

Additionally, hospital-wide bed management and patient tracking will increase

in complexity, resulting in more opportunity for error. For this reason, early

involvement of hospital information technology teams is recommended to optimize

tracking of admissions, transfers, and discharges. For example, in some electronic

medical records (EMRs), virtual patient beds will need to be created in areas not

traditionally used to house in-patients.

Given the complexity of care for the critically ill and need for hospital resources

such as oxygen, medical air, suction and monitoring equipment, these patients

should remain in hospital areas, while other, non-critically ill patients may more

safely be transferred out of the hospital setting. As a general rule, care should be

provided in the area that care would be provided if no emergency existed, (i.e.,

initially the ICU). When that space fills, then the next most equipped space should

be mobilized. This would likely be the PACU and emergency department followed

by procedural areas. Monitored acute care wards and non-monitored wards may

then be mobilized. All of these areas have the benefit of existing within the hospital

structure. Only if the hospital is at capacity or has been structurally compromised

should care of the critically ill outside of the hospital be considered.

Equipment

As healthcare delivery has become more sophisticated, the amount of equipment

required to provide care for critically ill patients has increased dramatically.

Although the number of ventilators is often thought of first when planning for

increased capability, medical gas, pharmaceuticals and equipment for appropriate

infection control practices are equally important. Before consideration of

stockpiling equipment in preparation for an emergency, an evaluation of the

hospital physical plant is appropriate. Do the beds identified as available for

surge each have the electrical and medical gas infrastructure to support a ventilator?

These questions are critical, as the capability of a hospital’s physical plant may be

the true “rate-limiting step” for increasing numbers of available critical care beds.

Sufficient amounts of medical grade oxygen must be available, ideally through

the existing hospital infrastructure. Replacement or supplemental oxygen supplies

may be obtained including compressed gas cylinders and oxygen concentrators, but

liquid systems are the best option given the ability to store in bulk and provide

oxygen to the greatest number of patients. Compressed oxygen tanks are acceptable
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for short-term use but are not feasible for long-term supply, given cost and storage

constraints. Oxygen concentrators are generally not acceptable except for use in

non-ventilated patients requiring supplemental oxygen, because most are unable to

deliver the high flows needed to power positive pressure ventilation [16].

Numerous epidemics result in respiratory failure, and the need for respiratory

support should be expected to increase in any mass casualty event. Without

planning for increases in the need for ventilator support, many patients will likely

die. Planners should work with facility managers at their institutions to quantify the

number of ventilators a hospital’s physical plant can support, as well as the number

of ventilators available. Machines capable of providing positive pressure ventila-

tion for mass casualty care include not just full-featured mechanical ventilators, but

also anesthesia machines, portable (both pneumatically powered and internal gas

source) as well as EMS transport ventilators. Although manual ventilation is

acceptable for transport, it is not feasible from a staffing, infection control, or

oxygen conservation standpoint and should not be considered a significant option

for long-term ventilation. Options to rapidly increase the overall number of avail-

able ventilators for a national response has been assessed and was found to be

lacking [16, 17].

It is estimated that there are approximately 62,118 full feature mechanical

ventilators nationwide (median of 19 per 100,000 people) [18]. Relocation of

these ventilators in the event of a disaster presents a considerable logistical chal-

lenge [6]. Strategies to increase ventilator supply in a given institution or region

include renting, accessing the Strategic National Stockpile (SNS), or repurposing

anesthesia units. Rental supplies may be helpful but cannot be expected to ade-

quately meet demand. A regional drill of a respiratory failure epidemic affecting a

27-hospital network revealed 16 ventilators available to meet surge demand capable

of handling 2,500–3,500 beds [19]. The SNS is maintained by the US Centers for

Disease Control and Prevention. This stockpile initially consisted of approximately

4,400 ventilators. An additional 4,500 ventilators were added to the SNS in 2009–

2010. Each state designates an SNS official to maintain their allocation policy,

which is organized by region [20]. Institutions can request stockpile ventilators

during a disaster through their state’s designated official [21–24].

Pharmaceutical supply is also an important area of concern and focus, and

pharmacists should be included in preparedness planning efforts. Most hospitals

rely on lean inventory and frequent restocking, given the cost of storing medica-

tions and their limited shelf life. Pharmaceutical shortages occur nationwide even in

the absence of a disaster, secondary to the supply chain and possible over-reliance

on individual manufacturers for some of our most frequently utilized medications

[25]. Given the realities of the current healthcare funding environment, processes

for rapid procurement of essential medications should be established and evaluated.

Utilizing knowledgeable pharmacists will also be paramount, given the need to

employ alternative medications when supplies of first-line medications run low. In a

pandemic, specific supplies of certain medications (antibiotics, antivirals) may

become dangerously low. As with ventilators, the federal government through the

SNS maintains a stockpile of medications that can be distributed in an emergency
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[26]. Planners should be aware that accessing stockpiled medications is likely to

take at least several days and should prepare accordingly.

Additional preparedness activities should include careful estimation of ancillary

equipment needs, including ventilator supplies (extra circuits, pulse oximetry

probes, humidification devices), monitoring supplies (EKG leads, temperature

probes), and infection control equipment (masks, gowns, gloves). Determining

the amount of supplies necessary for a fully functional ICU bed and then determin-

ing multiples to equal the number of critical care surge beds will provide an

estimate for the amount of supplies needed. Depending on the type of disaster,

these supplies may be available from stockpiles in other areas of the hospital.

Table 17.1 details the nonrespiratory medical equipment that is essential for

emergency mass critical care. The Mass Critical Care Task Force project, Definitive

care for the Critically Ill During a Disaster, has also published guidance on ancillary

equipment planning for surge positive pressure ventilation.

Personnel

Staffing of ICUs during an emergency is an additional challenge. There are short-

ages of fully trained critical care staff (nurses, respiratory therapists, pharmacists,

intensivists) even at baseline [27–29]. Some studies have shown that 10–60 % of

staff may not report for work in the event of a disaster. More staff may be absent if

the disaster is an epidemic, or if the disaster impacts family life, including closure

of schools, daycare, etc. [30]. These concerns suggest that staffing for a significant

critical care surge will require modification of existing staffing models. Off-duty

staff may be recalled to the hospital to properly care for a surge of patients. Staff

trained in anesthesia, either anesthesiologists or other ancillary staff, will likely

possess airway and ventilator management skills that could make them a reasonable

source of supplementary critical care personnel. Transferring individual staff within

and throughout local hospitals will minimize the chance that one particular unit or

hospital may become overwhelmed. Identifying which hospitals may be able to

share staff will enable credentialing and training to occur prior to a disaster.

If recalling off-duty staff or utilizing staff from other units or hospitals does not

meet staffing needs in a disaster, “tiered staffing” has been recommended. A tiered

staffing model has been described by the Working Group on Emergency Mass

Critical Care and the Mass Critical Care Task Force [3, 7]. These team-based

models incorporate non-critical care trained clinicians and nurses to provide the

general medical management of the patients, allowing intensivists to focus on

airway and ventilator management as well as other critical care related issues.

The working group recommends that when tiered staffing is implemented, each

non-critical care clinician should be responsible for up to six patients, and each

intensivist should be able to oversee four non-intensivists. Each intensivist would

thus be able to care for 24 patients [3]. When utilizing tiered staffing, expectations

of staff brought from other clinical areas should be clearly delineated.
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A final issue related to staffing is that of navigating the EMR. Systems and order

sets often differ both between and within hospital, and staff may be very familiar

with EMR functionality in their home hospital or unit but not in the ICU to which

they are reassigned. Identification and EMR-specific training of non-critical care

staff who may be re-assigned to ICUs in the event of a disaster is imperative to

avoid medical errors related to the EMR.

Evacuation

Although planning for surge critical care within conventional hospital space pre-

sents real challenges, an even more complex task is the planning and execution of

an evacuation of critically ill patients. An evacuation may take place either hori-

zontally or vertically. A horizontal evacuation refers to the removal of patients and

staff from an area of the hospital that is no longer safe, either because of structural

damage, security concerns or loss of hospital resources (electricity, medical gases,

etc.) A vertical evacuation refers to removal of staff and patients from the entire

hospital in the event that the entire hospital is no longer safe. The patient, equip-

ment, and patient records must be transported in unusual conditions from the

hospital, to transport, and then into another care environment, likely with a different

set of clinicians. The hazards and opportunities for error inherent in this required

sequence of events are numerous.

During the 1990s as many as 20 hospitals were evacuated each year in the USA

[31]. In May of 2011, a tornado in Joplin, Missouri struck St. John’s Regional

Medical Center, killing four people in the hospital and on the hospital grounds. The

hospital was evacuated in the immediate aftermath of the storm and subsequently

demolished because it was structurally unsound [32]. More recently, two major

hospitals in New York City were evacuated during and after hurricane Sandy after

power was lost and back-up generators were compromised. No one was injured

during these evacuations, even though they took place at night, without power, and

during a hurricane. The Veterans Affairs Hospital in New York City was also

evacuated because of Hurricane Sandy, although the decision to evacuate was

made prior to the storm’s arrival. These examples and others suggest that hospital

evacuation can occur safely with appropriate planning [33, 34].

In general, evacuation will be necessary if significant damage has occurred to the

hospital building or if conditions at or near the hospital are expected to worsen to

the point that damage is likely. In either event, an evacuation decision is made

based on an assessment of the risk associated with sheltering in place versus the risk

associated with moving complex critically ill patients [35]. The difficulty of

determining when to evacuate was illustrated clearly during and after Hurricane

Sandy, when three hospitals required evacuation, but only one evacuated prior to

the storm [33, 34].
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Evacuation planning requires addressing two major sets of issues: those related

to the disaster itself and those related to the patients who need to be evacuated. With

regard to the disaster itself, planning and decision-making will vary based on

whether it is a one-time event, such as a power-outage or tornado, or an ongoing

event, such as an earthquake with aftershocks. The urgency of the evacuation will

also impact planning and implementation. Will the event require immediate, rapid

response to an immediate threat or can the evacuation be done in a more controlled

fashion as with a predicted storm or dwindling resources without ability to

re-supply? The care needs and stability of the patients for transport must also be

assessed. Appropriate portable equipment must be assigned to each patient along

with skilled staff to accompany the patient during transport [36].

When evacuating a large facility, both portable equipment and staff will likely

be in short supply. Critical care transport teams, who often transfer critically ill

patients in routine situations, may be of some help if the disaster is limited

geographically, but they are also likely to be overwhelmed by high demand.

Equipment and staff initially assigned to the evacuating hospital will need to return

to the hospital after successful transport of one patient, to prepare the next patient

and care for those who remain.

Transport of the critically ill has grown more complex as the amount of equip-

ment routinely used to care for them has increased. In a disaster, the complexity

may be compounded by damage to the hospital physical plant, necessitating

alternative routes of egress or traversing of stairs. To accomplish transport safely,

use of specially designed evacuation litters or sleds is recommended. Each hospital

should determine the number of evacuation sleds needed to evacuate their facility in

a timely fashion and should facilitate acquisition and storage of these key items.

Guidelines have been published to assist hospitals in determining their needs

[37]. Finally, the importance of drills cannot be overemphasized. Practicing evac-

uations prior to an actual emergency, even on a limited scale, provides real-time

experience to hospital staff and helps identify areas of concern to be addressed in an

organized fashion.

Resource Allocation

Even with the most comprehensive response plans, during a disaster demand for

critical care services and equipment may significantly exceed supply. If patients

cannot be transferred to other facilities with additional critical care capability, and

alternate equipment is not available, hospitals should have in place a mechanism for

the fair allocation of limited resources. Absolute scarcity of resources necessitates a

shift in the providers’ focus from the need of the individual patient to optimizing the

survival of the greatest number of individuals. It is essential that all options for

expanding existing resources be exhausted before implementing a scarce resource

allocation plan, given the significant ethical concerns associated with any deviation

from usual standards of care. As would be expected, planning for the allocation of
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scarce critical care resources in this context is extremely challenging, as it opens the

possibility of withholding critical care treatment from patients who might receive it

under usual circumstances.

Several authors have published guidelines that focus on resource allocation [5,

38–41]. These guidelines attempt to answer whether it is ethically permissible to

withhold or withdraw treatment from one patient to allocate that resource to another

patient who may be more likely to survive. The published protocols [5, 40] have

different strengths and weaknesses. Each addresses what criteria may be used to

allocate ventilators or other similar resources, but they vary in complexity and

associated efficiency. Choosing a protocol to implement in advance of a mass

casualty event may reassure those involved in triage decision-making that every

effort has been made to provide efficient, fair use of critical care resources.

Although several allocation strategies may be ethically and morally permissible,

the Institute of Medicine has outlined basic norms and processes that should be

adhered to in developing a protocol for a given institution or community [42].

In general, a resource allocation plan should specify inclusion criteria, a prior-

itization tool, and a description of the triage team structure [40]. The inclusion

criteria are designed as criteria for admission to a critical care unit. Respiratory

failure will likely be the most common criteria used, however hemodynamic

collapse and need for vasopressors could also be a criteria, if support cannot be

provided in other areas of the hospital.

If exclusion criteria are utilized, categories related to the severity of illness or

injury and the patients overall prognosis may be included. Those who support using

exclusion criteria suggest that if patients are severely injured and not expected to

survive, they may be excluded from admission to the ICU, as resources provided to

support them prior to death would be better utilized for patients who are expected to

survive but require critical care support to do so. Some suggest that severe

co-morbidities may also be taken into account when developing exclusion criteria,

although this category may be more problematic than others.

A triage tool should be applied to all patients regardless of their reason for

requiring critical care, and is helpful to not only exclude patients from the ICU, but

also prioritize patients for care. One option is to use an illness severity score such as

the Sequential Organ Failure Assessment (SOFA) score, and categorize patients

according to their score. A SOFA score >11 has been associated with >90 %

mortality in some contexts and has been suggested by some to be an acceptable

criterion for withholding critical care [43]. An important caveat to the use of SOFA

scores is that the mortality associated with a particular score may vary depending on

the type of disease process. This fact was illustrated during the H1N1 influenza

outbreak, during which a SOFA score of 11 only resulted in a mortality rate of

59 %, not the predicted 90 % mortality [44].

Finally, when an allocation system is in place, it is important to continually

reassess patients, as their status for inclusion or exclusion may change given

underlying co-morbidities and response to treatment. Reassessment may suggest

that resources should be re-allocated to ensure that the greatest number of victims

be given the highest chance for survival. Equally important in the triage process is
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the need for transparency and accountability for triage teams. The difficult process

of resource allocation must take place openly and via protocol to relieve the

pressure felt by individuals tasked with making these difficult decisions and to

ensure that all involved understand the process as it unfolds.

Conclusion

Provision of critical care in a disaster is a complex enterprise. Although daunting,

the successful development and testing of a disaster plan for each ICU is necessary

given the possibility of disaster occurring at any time. Planning should begin with a

hazard vulnerability analysis and should follow an all-hazards model. This

approach will allow the majority of resources to be focused on those disasters

that are most likely to occur, while ensuring that all major concerns are addressed.

The disaster plan should focus on the increased use of physical space, increased

staffing and hospital resources available, and input should be sought from all units

and staff that will be involved in a disaster response. The possibility of evacuation

must be considered, both horizontal (from one unit or hospital wing to another) and

vertical (out of a hospital building completely). Evacuation of critically ill patients

is a complex enterprise, but recent history suggests it can be done without signif-

icant increase in morbidity or mortality. Finally, although priority should be placed

on expanding capacity, planners must also develop structures for allocation of

resources when surge capacity is exhausted and evacuation is not possible.
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