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Setting The Scene

J. L. Vincent

Introduction

Intensive care medicine of today is almost unrecognizable when compared to its
humble beginnings following the polio epidemics of the 1950s. This relatively
young field of medicine is growing at such a pace that it is interesting, and indeed
important, to speculate on how we will be practicing intensive care medicine 10
years from now.

In this chapter, I will focus on what has altered in the last 50 years in various
aspects of intensive care medicine. Playing Devil’s advocate somewhat, I
will consider changes in each field from a positive and negative viewpoint.
Looking into the recent past (and the present) raises many questions and many
uncertainties, but sets the stage for the future, and I believe that we must use the
past to define future priorities.

Intensive Care in General
The Optimist’s View

The quality of intensive care has improved over time; changes have not
necessarily been made in great strides, but multiple small improvements have
led to a progressive reduction in morbidity and mortality. Despite the altered
population of intensive care patients with more elderly, more debilitated, and
more immunosuppressed patients being treated, there is some evidence that
mortality has decreased among patients with sepsis [1] or the acute respiratory
distress syndrome (ARDS) [2-4]. The recent rush of guidelines and protocols for
everything from administration of sedation to management of septic shock to
end-of-life patient management has caused a reduction in the wide variability in
medical practice, thus improving its overall quality.

The Pessimist’s View
What actual progress has been made over the last few decades? After all, there

has been no outstanding breakthrough, like insulin for diabetes or thrombolysis
for acute myocardial infarction, in our field. Indeed, much of the apparent
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progress in intensive care medicine has been borrowed from other specialties,
e.g., surgery, immunology, cardiology. We are not even sure that mortality from
sepsis and ARDS has decreased substantially [5]. The major development could
be said to be a decrease in iatrogenic events as we have realized the negative
impacts of some common interventions (Table 1). However, with newer therapies,
invasive monitoring, and more complex interventions, we have also increased
the potential for iatrogenicity.

Mechanical Ventilation

The Optimist’s View

Early respirators were large, unwieldy pieces of equipment that delivered
established minute ventilation at a given, fixed rate. Modern machines are
increasingly streamlined and portable and provide the physician with an almost
unlimited range of ventilatory modes and options that enable mechanical
ventilation to be targeted at individual patients and adjusted according to their
needs and response. Improved understanding of the use and potential of non-
invasive mechanical ventilation has enabled the rates of endotracheal intubation,
and consequently the risks of ventilator-associated pneumonia (VAP), to be
reduced [6]. This technique can even decrease mortality rates in patients with
hypercapnic respiratory failure [7, 8].

The Pessimist’s View

Modern respirators have so many options and knobs that they can be difficult to
use and it takes some time to become familiar with each new machine. Indeed,
many of the options are never used at all! The development of newer ventilatory
modes, such as pressure support ventilation, has not been shown to improve
outcomes. The success of non-invasive mechanical ventilation just demonstrates
the risk of iatrogenic complications due to our interventions. However, we
still do not know how best to apply non-invasive mechanical ventilation or
which patients will benefit most from it. While it does seem to be beneficial in
hypercapnic respiratory failure, what about in non-hypercapnic respiratory
failure? More questions remain unanswered than have been answered.

Acute Respiratory Failure

The Optimist’s View

Major advances have been made in our understanding of respiratory mechanics,
and application of this knowledge has improved outcomes. For example, large
tidal volumes, long considered as useful to improve tolerance and prevent the
development of atelectasis, have been shown to promote inflammation and
worsen outcomes in ARDS [9]. Patients both with and without ARDS are now
being managed with lower tidal volumes than in the past [10].
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The Pessimist’s View

The optimal respiratory conditions for the patient with ARDS remain undefined.
What is the optimal tidal volume, level of positive end-expiratory pressure
(PEEP), or alveolar recruitment strategy? Respiratory monitoring systems at
the bedside are unimpressive, and pharmacological interventions including
surfactant [11], inhaled nitric oxide [12], and anti-inflammatory agents [13] have
not been shown to reduce mortality. Even prone positioning, although shown to
improve gas exchange, has not been shown to definitely improve outcome [14].

Sepsis Therapies
The Optimist’s View

Better understanding of the complex network of mediators involved in the
immune response to infection has led to the development of new strategies
specifically targeted against sepsis. The development of new drugs in sepsis has
certainly not been a smooth ride. Still, one new agent, activated protein C, has
been licensed for use in patients with severe sepsis and septic shock and has been
shown to decrease mortality [15]. Now, other new agents will certainly follow.
Many others are already in the pipeline and several are currently undergoing
clinical trials. Combinations of these agents in the future will further improve
outcomes.

The Pessimist’s View

Thelist of negative studies of sepsis therapies is actually far more impressive than
the list of positive studies. Particularly notable have been the negative results
from clinical trials of agents that had been clearly shown to improve outcomes
in pre-clinical and sometimes even in phase I and II clinical trials, for example,
endotoxin antibodies [16, 17], anti-tumor necrosis factor (TNF) strategies [18],
and interleukin-1 receptor antagonist [19]. For all the time and money that has
been expended in this field, only one agent has been licensed, activated protein
C, and even with this drug, the survival advantage remains limited, and high
costs restrict its use.

Steroids in Septic Shock
The Optimist’s View

The use of massive doses of methylprednisolone to limit the inflammatory
response, which failed to improve outcomes [20], has been replaced by the
concept of relative adrenal insufficiency, leading to the administration of
low doses of hydrocortisone in septic shock, which has been shown to reduce
mortality rates [21].
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The Pessimist’s View

The evidence for relative adrenal insufficiency is actually not so strong. The
study by Annane et al. [21] was not entirely positive (significant differences were
obtained only after adjustment for several factors), so that the potential benefits
of corticosteroid administration in septic shock is not yet convincingly proven
[22]. Moreover, the need for an ACTH test is unsettled. In the study by Annane
et al. [21], many patients had received etomidate to facilitate endotracheal
intubation, and this product is known to alter adrenal function. Hence, there is
a need for further study to finally answer some of these questions (the Corticus
prospective, double-blind, multicenter study of hydrocortisone in patients with
septic shock is ongoing).

Vasopressin Administration In Septic Shock
The Optimist’s View

Vasopressin is one of the most important endogenous stress hormones during
shock, and increased interest in metabolic alterations during sepsis has led to the
realization that vasopressin levels are inappropriately low in patients with severe
sepsis and this phenomenon may contribute to the hemodynamic perturbations
that are characteristic of septic shock [23]. Addition of vasopressin to standard
vasopressors, such as norepinephrine, canimprove hemodynamic status [24] and
recent guidelines for the management of patients with septic shock support its
use, at low infusion rates of 0.01-0.04 units/min, in patients with refractory shock
despite adequate fluid resuscitation and high-dose conventional vasopressors
[25].

The Pessimist’s View

There is no demonstrated outcome benefit associated with administration of
vasopressin in patients with septic shock. Some studies have suggested that
while vasopressor agents may increase arterial pressure, some agents are also
associated with worsened outcomes [26]. ICU physicians have been too quick to
jump on the vasopressin bandwagon, starting to administer vasopressin widely
before real evidence of benefit was established. Trials are currently underway
to define the potential benefit of administration of low doses of vasopressin in
septic shock, but in the meantime, are we again creating an iatrogenic effect?
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Oxygen Delivery
The Optimist’s View

Dobutamine has taken first place in our list of inotropic agents; we have
learned to use it not only in low flow states, but also whenever oxygen delivery
may be insufficient. So-called ‘pre-optimization’, raising oxygen delivery to
supranormal values, may be beneficial in high-risk surgical patients, especially
when it involves the correction of underlying hypovolemia [27].

The Pessimist’s View

The maintenance of supranormal oxygen delivery has not been shown to
improve outcomes in critically ill patient populations as a whole, and excessive
administration of fluids and inotropic agents may be harmful [28]. Studies
on pre-optimization have been usually performed in the United Kingdom but
whether the results apply to other settings is largely unexplored.

Early Goal-Directed Therapy
The Optimist’s View

The importance of aggressive early and complete resuscitation has been
established in severe sepsis/septic shock [29] as in severe trauma. Rivers et al.
[29] randomized 263 patients with severe sepsis or septic shock to receive, for
the first six hours after admission, either standard resuscitation or early goal-
directed therapy in which fluids, vasoactive agents, and red blood cells were given
to optimize central venous pressure, arterial pressure and hematocrit and then
dobutamine to achieve a target central venous oxygen saturation (ScvO2) of at
least 70%. This strategy resulted in markedly lower mortality (30.5% compared
to 46.5% in the standard care group, p = 0.009), and similar protocols are now
implemented in many institutions and are included in recent recommendations
regarding optimal management of the patient with severe sepsis [25].

The Pessimist’s View

The study by Rivers et al. [29] was a single-center study, performed not in an ICU,
but in an emergency department. Before applying such a protocol to all patients,
we need to know more about it. Importantly, the reasons for the improvement
in outcome seen in this study are not clear; maybe the treatment was simply
suboptimal in the control group; perhaps the improved outcomes were related
to the choice of target, i.e., ScvO,; possibly they were due to the increased use
of fluids and/or dobutamine and/or blood transfusions in the treatment group.
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Again, many questions remain and we should not be too keen to jump in until we
have at least some of the answers.

Hemodynamic Monitoring
The Optimist’s View

Criticism of the pulmonary artery catheter has been met by the development
of a number of less invasive monitoring devices, including esophageal Doppler,
transesophageal echocardiography, arterial waveform analysis, and thoracic
impedance. Using functional hemodynamic monitoring to define responsiveness
in the optimization of blood flow improves outcome in cardiac surgery patients
[30].

The Pessimist’s View

The use of invasive hemodynamic monitoring has certainly been challenged
repeatedly in recent years [31-33] and its use has decreased over the last decade.
However, although the use of pulmonary artery catheters has not been shown
to improve outcome from critical illness, they have not been shown to worsen
outcomes either. The development of less invasive monitoring techniques
is to be applauded, but can they be shown to improve outcomes? Indeed, has
any monitoring device been shown to improve outcomes? Every ICU patient is
attached to multiple machines with assorted alarms, but where is the evidence
that they decrease mortality? Even if we accept that such monitoring is useful, the
assessment of fluid responsiveness by pressure tracing or stroke volume variation
has a number of limitations, and is potentially useful only in mechanically
ventilated patients, who are well sedated, without arrhythmias, and ventilated
with relatively high tidal volumes [34].

Glucose Control
The Optimist’s View

Sometimes relatively small and simple strategies can provide big benefits. For
example, blood sugar control, maintaining blood glucose at or below 110 mg per
decilitre, has been shown to decrease mortality in a mixed group of ICU patients,
primarily surgical, many being admitted after cardiac surgery [35]. Although
the practicalities of such an approach make it difficult to apply routinely, it is
now widely recommended that blood glucose levels should be kept below 150
mg/dl [25].



Setting The Scene 9

The Pessimist’s View

The beneficial effects of tight glucose control have been shown in only one single-
center study, with many postoperative patients after cardiac surgery. Moreover,
the associated caloric intake in these patients was quite high. The results still
need to be confirmed in large multicenter trials with broader patient populations
(large scale studies are ongoing).

Nutritional Support
The Optimist’s View

Nutrition has only relatively recently begun to take a key place in ICU patient
management, but patients are now fed much sooner and better than in the past
with the realization of the importance of good nutrition on outcomes. Indeed,
diet can influence both disease development and recovery. Enteral feeding is
widely accepted as being superior to parenteral feeding [36, 37] and much has
been learnt about dietary requirements including the realization that excessive
feeding can be as harmful as inadequate nutrition [38].

The Pessimist’s View

Despite improved awareness of feeding issues in the critically ill, we still do not
know when to start and how best to feed the patient. Trials of modified solutions,
including the so-called immuno-enhancing diets, have not demonstrated
improved survival over standard feeding solutions [39-41]. The fact that enteral
feeding is preferable to parenteral should not surprise us, being further evidence
of a negative iatrogenic event. Even when using the enteral route, overzealous
feeding may promote gut ischemia [42, 43], and can result in complications
including aspiration with potential increased risks of nosocomial pneumonia.
Indeed, we are now being encouraged to consider the concept of ‘underfeeding’.

Selective Decontamination of the Digestive Tract
The Optimist’s View

The gut may be an important source of microorganisms, which can be involved
in the development of nosocomial infection, in particular, VAP. After many years
of debate and discussion, selective decontamination of the digestive tract (SDD)
was shown to decrease hospital mortality (24% vs 31%, p=0.02) in a randomized
controlled trial in Holland [44].
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The Pessimist’s View

SDD certainly decreased mortality rates in this study [44], but it was conducted
in a single ICU in a country with low rates of methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin resistant enterococci (VRE). Therefore, the
results maynotimmediately apply to other institutions with greater antimicrobial
resistance rates [45]. In addition, despite this study and others supporting the use
of SDD, it is not widely applied, mainly because of fears of encouraging bacterial
resistance, the development of which may not be apparent for months or even
years after its introduction.

Hygiene Measures
The Optimist’s View

Theuseofroutinehygiene measures,suchashand washingbeforeand after patient
contact [46, 47], antibiotic rotation [48], shorter course antibiotic treatments
[49] and using barrier precautions when inserting intravascular catheters [50],
have all been shown to reduce the incidence of nosocomial infections, and the
introduction of infection control protocols can result in sustained reductions in
nosocomial infections [51].

The Pessimist’s View

The problem of nosocomial infections is getting worse, largely due to the
excessive use of antibiotics (especially broad spectrum ones) and the lack of
adequate infection control procedures. In particular, it is well recognized that
washing hands is a very effective way to prevent the spread of bacteria, but
still compliance among personnel is poor [52-54]! Increasingly nosocomial
infections are associated with multiresistant organisms with higher morbidity
and mortality, which has even led to the temporary closure of some units [55].

Sedation
The Optimist’s View

We have swung from an attitude which supported widespread use of large doses
of sedative agents to keep patients comfortable, and even to make patient care
easier, to a much more conservative approach with the realization that excess
sedation can be harmful. Studies have shown that daily interruption of sedative
infusions in critically ill patients undergoing mechanical ventilation reduces
ICU length of stay and decreases the incidence of complications of critical illness
associated with prolonged intubation and mechanical ventilation [56].
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The Pessimist’s View

The widespread use of sedatives and the realization that more can be too much
provides yet more evidence of iatrogenic complications!

Management of Liver Failure
The Optimist’s View

The increased use of liver transplantation and improved transplantation
techniques and post-operative management has changed outcomes from acute
liver disease [57, 58]. The development of extracorporeal systems, such as the
molecular adsorbent recirculating system (MARS) system, may further decrease
mortality rates [59].

The Pessimist’s View

Progress in the field has been related to the development of liver transplantation,
including use of living donors, but medically there has been no progress at all.
The use of extracorporeal systems is expensive, and although there are promising
results from small studies [59], they have not been shown to improve outcomes
[60].

Cardiopulmonary Resuscitation
The Optimist’s View

Wider availability of defibrillators has changed the outcome from out-of-
hospital cardiac arrest (most commonly due to ventricular fibrillation) [61].
Amiodarone has replaced lidocaine in the management of life-threatening
ventricular arrhythmias after lidocaine use was associated with increased
mortality. Vasopressin has taken its place as a potent and reliable vasoconstrictor
in profound hypotension during cardiopulmonary resuscitation (CPR) and is
recommended as an alternative to epinephrine in current guidelines [62].

The Pessimist’s View

Little progress in cardiopulmonary resuscitation has been achieved, especially
in the ICU. Even the superiority of vasopressin over epinephrine has not been
shown conclusively [63]. Any progress that has been made is due to simplified
guidelines and increased involvement of bystanders in starting effective CPR.
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Polytrauma
The Optimist’s View

Studies have shown that resuscitation should not necessarily be too aggressive
[64], as massive fluid administration may increase bleeding, by increasing
intravascular pressures, disrupting clot formation and diluting coagulation
factors. The use of factor VIIa may decrease bleeding rates in trauma [65].

The Pessimist’s View

The suggestion that too much fluid early in trauma resuscitation can be
detrimental [64], again demonstrates our tendency to encourage iatrogenic
complications of therapy with overzealous reactions. Furthermore, restricting
fluid administration may limit oxygen deliveryand contribute to the development
of multiple organ failure (MOF). In addition, such an approach is deleterious in
the presence of cerebral lesions, where arterial hypotension can have disastrous
consequences on brain function. Studies on factor VIIa have shown that this
strategy may limit the need for blood transfusions, but no effect on outcome has
been demonstrated.

Severe Head Trauma and Cerebral Resuscitation
The Optimist’s View

Considerable advances have been made in cerebral monitoring with the
development of local brain tissue oxygen monitoring and microdialysis
techniques to assess brain metabolic data [66, 67] and mortality rates from severe
head trauma have fallen [68, 69]. Induced mild hypothermia may be an option
to protect the neurons in hypoxic encephalopathy and has been associated with
improved outcomes [70-72].

The Pessimist’s View

Despite advances in monitoring, none has actually been shown to improve
outcomes and as good markers of cerebral damage are still lacking, the
evaluation of cerebral lesions remains largely based on the Glasgow coma
score. Evaluation of cerebral blood flow and oxygen availability at the bedside
is still difficult, and in terms of new therapies, nothing has been proven. The
best established intervention is hyperventilation for intracranial hypertension.
But, hyperventilation may reduce cerebral perfusion [73] and thereby worsen
outcome, again emphasizing the risk of serious iatrogenic complications of some
of our interventions. Inducing hypothermia after cardiac arrest is not easy and
has not been shown to reduce mortality rates in a randomized multicenter study
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[74], and there is little evidence to support barbiturate therapy either [75]. Steroid
therapy, used in head injury patients for years, has recently been shown to worsen
outcomes in a multicenter study involving 10,008 patients [76], and craniectomy
in severe brain edema may result in increased vegetative states [77].

Stroke
The Optimist’s View

Thrombolytic therapy, a treatment that improves outcomes in ischemic stroke,
has changed the way we treat thromboembolic stroke [78]. Other pharmacological
advances have also been made, with administration of factor VIIa being shown
to improve outcome from intracerebral hemorrhage [79]. Improved availability
of imaging techniques has also helped in diagnosis and management.

The Pessimist’s View

The benefit from thrombolytic therapy is limited to early intervention - within 3
hours of stroke onset - and to patients with ischemic stroke. The study of VIIa in
intracerebral hemorrhage [79] is only a phase IIb study, and the limited benefit
may not warrant the costs of this therapy.

Renal Failure
The Optimist’s View

The development of continuous hemodialysis techniques has allowed us to
avoid the ‘peak and trough’ effect of intermittent dialysis on fluid balance,
electrolyte levels, and osmotic shifts. Continuous hemofiltration has evolved
into a continuous veno-venous system with relatively complex instruments.
We now know that giving diuretics to patients with acute renal failure may
increase mortality and worsen renal function [80], especially in the presence
of hypovolemia. Low dose dopamine, so-called renal dose dopamine, does not
prevent renal insufficiency in critically ill patients [81] and should be abandoned
as a routine practice.

The Pessimist’s View

So, more evidence that our interventions cause iatrogenic problems; diuretics
and low dose dopamine are both harmful pharmacological interventions.
And there is no evidence that hemofiltration techniques improve outcomes in
critically ill patients.



14 J. L. Vincent

Blood Transfusions
The Optimist’s View

The use of blood transfusions has declined, especially after an important
prospective, randomized Canadian study showing a conservative approach may
result in somewhat lower mortality rates [82]. Studies are ongoing to determine
the optimal transfusion trigger and techniques to better assess and monitor
tissue oxygenation are being developed.

The Pessimist’s View

Yet more iatrogenicity...!

Other IV Fluids
The Optimist’s View

Albumin administration has been controversial for decades, as it is hard to
demonstrate beneficial effects and the costs are high. Albumin administration
has been suggested to result in high mortality rates [83] but a large Australasian
study demonstrated that the use of albumin is safe [84]. Studies are evaluating the
potentially beneficial effects of artificial crystalloids and hemoglobin solutions
on tissue oxygenation.

The Pessimist’s View

The SAFE study showed that for once we have not caused iatrogenic compli-
cations! However, although it has been shown to be as safe as saline in the
setting of the SAFE study, albumin has not been shown to improve outcomes,
and we still do not know if and when to administer it. Hydroxyethyl starch
solutions may increase bleeding and alter renal function, gelatin solutions are
not very effective and can have allergic reactions, saline solutions may induce
hyperchloremic metabolic acidosis, and balanced solutions are hypotonic! And
where do hypertonic solutions fit in? There is still a lot to be done to evaluate the
best type of i.v. solution.

Process of Care

The Optimist’s View

Critical care medicine is better organized now than at its start and many
countries now recognize intensive care medicine as a specialty in its own right.
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Established treatment protocols for standardization of care have resulted in
markedly improved outcomes, reduced costs, and minimized medical errors.

The Pessimist’s view

Protocols are developed primarily to avoid iatrogenic problems and to restrict
the liberty of the practitioner to make decisions based on their experience.

Medical Emergency Teams
The Optimist’s View

The development of medical emergency teams (METs), also known as hospital
outreach or rapid response teams, has extended the principles of critical care
medicine to a hospital-wide approach, and has been associated with reduced
complications after major surgery, reduced ICU admissions, and improved
outcomes [85, 86].

The Pessimist’s View

METs provide a neat cover up for the lack of emergency medicine training of
doctors and nursing staff in the hospital; staff should be better trained rather
than replaced.

Conclusions

From an optimist’s viewpoint, one could say that the last 50 years has seen great
progress in intensive care medicine, perhaps not by any single, tremendous
development(s), but by a succession of small steps, which together combine to
give us an intensive care service to be proud of, providing quality care for many
thousands of patients each year. However, the pessimist would perhaps say that
much of the apparent progress in intensive care medicine has come about through
the identification and correction of our own iatrogenic effects. It is indeed rather
worrisome to realize that that many of our interventions may have had some
deleterious effects. This notion has been suggested for mechanical ventilation
(especially with high tidal volumes), blood transfusions, and excessive sedation
(Table 1). We have increasingly realized that non-invasive is better than invasive
and less is better than more. Patients are better treated without endotracheal
intubation, with minimal sedation, without excessive use of vasopressor or
inotropic agents.

These two viewpoints are both valid, although the true picture perhaps lies
somewhere between the two. As with Janus, intensive care medicine has two
faces, one looking backwards and the other towards the future. This is not a bad
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Table 1. Some potentially harmful iatrogenic interventions

Excessive antibiotic use

- Iatrogenic fluid overload

- Excessive administration of inotropic agents
- Ventilation with too high tidal volumes

- Excessive sedation

- Use of invasive hemodynamic monitoring

- Unnecessary use of antiarrhythmic agents

- Excessive caloric intake

- Too liberal blood transfusions

- Traumatic effects of endotracheal intubation and airway management

thing and indeed progress has, and can, come from learning from the past and
applying those lessons to the future.

Clearly many questions remain unsettled and pose a challenge for the
years to come. There is, however, one key point that we have not discussed and
that is the role of the intensive care doctor. Here we can only be optimistic: the
ICU doctor has made a difference! Closed ICUs under the responsibility of an
ICU physician have lower morbidity and mortality rates than open units [87-89].
Proper training of the intensive care doctor must therefore remain a key priority
for the future, and with the projected future shortage of ICU physicians [90] we
need in addition to develop alternative strategies, such as telemedicine.
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Managing and Leading in Critical Care
W.J. Sibbald

Introduction

Many issues contribute to complexity and uncertainty in health care: technolog-
ical innovation, funding challenges, concerns about quality and safety, the need
to integrate information technology into patient care areas, and intra-profes-
sional rivalry. Health care is also on the verge of major organizational changes,
such as the regionalization of care, consolidation of services, the flattening of
organizational structures, and demands for accountability. This book outlines
many of the challenges anticipated for critical care in the next decade, both as a
discipline and profession, and thereby emphasizes the need to consider how to
prepare for its future.

“In order for health care organizations, especially academic health sciences
centres, to successfully adapt and flexibly respond to major environmental
challenges, it is imperative they improve organizational capabilities in both
management and leadership” [1].

Critical care medicine is particularly in need of developing high-quality phy-
sician-manager/leaders. Critical care units consume substantial amounts of
hospital budgets relative to other patient care areas. Intensive care units (ICUs)
contain expensive technology, employ a multidisciplinary workforce and are
frequently a site of tensions among medical disciplines. Accordingly, enlight-
ened management and leadership skills will be needed by future generations of
critical care physicians.

“Among the most important issues for a successful and effective healthcare
system in the future is a sufficient pool of management talent and leadership”

2].

Leadership and management are not the same thing. When managing, physi-
cians are required to plan, allocate, monitor and report on budgeting, partici-
pate in clinical governance and deal with human resources. When leading, they
plan for future activities and assume responsibility for performance in their
clinical units. Many experts have concluded that the complexity of today’s criti-
cal care environment requires that the same individual exert management and
leadership skills concurrently.
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It is sometimes assumed that a physician nominated to ‘lead’ a critical care
unit department or program will bring management and leadership skills to
the position because of previous academic or clinical successes. Although this
may occur, competency in health leadership and management should not be
assumed simply because a physician has achieved academic or clinical successes.
Management and leadership skills are learned traits, and it is increasingly
argued that physicians should prepare for management and leadership positions
the same way they prepare for research and teaching responsibilities.

“The most dangerous leadership myth is that leaders are born - that there is a
genetic factor to leadership. This myth asserts that people simply either have
certain charismatic qualities or not. That’s nonsense; in fact, the opposite is
true. Leaders are made rather than born” Warren G Bennis.

Formal and informal educational processes are essential to physician leaders
seeking competencies in the essentials of health leadership and management,
such as strategic planning, managing change, communication, conflict resolu-
tion, team building and negotiating. Recognizing the importance of health man-
agement skills, critical care specialty training committees increasingly require
skills preparation in health administration and management. An example of
such skills required by one such curriculum (UK Competency program, Section
on ‘Professionalism’) is shown in Table 1 [3].

This chapter will introduce core functions undertaken by managers and
leaders, with a special emphasis on translating lessons from non-health care
literature to the healthcare environment in general, and critical care in specific.
Where appropriate, lessons from the critical care literature will be used to
exemplify the appropriateness of lessons from industry. We will borrow from
early research about the impact of contemporary leadership and management
skills on critical care activities and outcomes. Finally, we will try to identify why
success of the future critical care enterprise requires thatas much attention is paid
to preparing a cohort of trainees as ‘clinician administrators’as it currently does
in preparing other trainees to be ‘clinician teachers’ and ‘clinician researchers’.

Managing and Management

Introducing concepts such as clinical governance has resulted in a significant
shift toward holding physicians accountable for the delivery of quality health
care service. In A First Class Service - Quality in the National Health Service [4],
clinical governance was defined as: “a framework through which NHS organiza-
tions are accountable for continuously improving the quality of their services
and safeguarding high standards of care by creating an environment in which
excellence in clinical care will flourish”. Other healthcare systems have also be-
gun a process to engage physician leaders in the accountability framework. Re-
gardless of the nomenclature, many healthcare systems require that physician
leaders now formally commit to improving the quality of health care. Exam-
ples of how physician leaders can achieve this goal include: developing clinical
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Table 1. Management skills required by UK Critical Care Competency Based Training

Program

1. Overview: Professionalism implies high standards, commitment to quality, patient
care before self-interest, transparent evaluation of service delivered, and the conditional
privilege of self-regulation.

2. Knowledge

Published standards of care at local, regional and national level
Requirements for training

Local policies and procedures

Methods of audit and translating findings into sustained change in practice
Recent advances in medical research relevant to intensive care

3. Skills
Self-directed learning

Enquiring mind, self-prompted search for knowledge

Proper use of learning aids where available

Contribution to departmental activities

Participation in audit

Participation in educational activities and teaching other groups appropriate
to level of knowledge

Maintenance of education and training record

Understands research methodology

Actively participating in research

Communication

Able to achieve appropriate information transfer.

Understands that communication is a two-way process

Calls for senior/more experienced help in difficult situations

Effective multidisciplinary communication and collaborative practice

Organization and management

Structured approach to developing individual patient care plans
Effective member of the ICU team

Effective leadership of ICU team

Organize multidisciplinary care for groups of patients in the ICU
Organize long-term multidisciplinary care for all patients in the ICU
Strategic planning of the ICU service within the wider environment
Principles of workforce planning

Practical application of equal opportunities legislation

4. Attitudes & behavior

Caring and compassionate with patients and relatives

Ethical behavior

Functioning within competence

Accepts appropriate advice from other health care professionals

Supportive of colleagues

Demonstrates initiative in analyzing problems and critically evaluating current
practice

Professional and reassuring approach

Attentive to detail, punctual, clean, tidy, polite and helpful
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Table 1. Continued

Program

5.

Workplace training objectives

Maintain education and training record

Present topics at staff educational meetings

Present topics at regional or national meetings where possible

Active participation in research projects

Experience and discuss staff-relative interactions (e.g.: breaking bad news)
Lead ICU ward round with consultant supervision

Lead ICU ward round without direct supervision

Arrange ICU educational meetings

Attend management meetings as appropriate

Discuss cost-effective care in the ICU

Attendance as observer (with permission from trainee) at SHO training assessments

Table 2. Managerial practices that are used to support clinical governance:

Planning and organizing

Problem solving

Monitoring operations and the environment
Motivating

Informing

Clarifying roles and objectives

Supporting and mentoring

Consulting and delegating

Teambuilding and managing conflict

Networking

risk management and clinical data systems, learning from complaints, making
a lifelong commitment to professional development, and involving patients in
planning and decision-making. Managerial practices, which support the ac-
countability framework with regards to quality of patient care and efficiency in
processes delivering care, are listed in Table 2.

“Clinical governance is essentially an organizational concept aimed at ensur-
ing that every health organization creates the culture, the systems and the sup-
port mechanisms so that good clinical performance will be the norm and so
that quality improvement will be part and parcel of routine clinical practice’
(Liam Donaldson, speaking at a conference on Clinical Performance and Pri-
orities in the NHS, at The Queen Elizabeth II Conference Centre, Westminstet,
November 2, 1999).
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How does this lesson translate into a discussion of the future of critical
care? Previously, critical care physicians designated to lead critical care units,
programs or departments were generally expected to maintain a good clinical
and academic service, but had little in the way of formal accountability with
the hospital’s administration. As hospital governance is becoming increasingly
‘businesslike’, physicians appointed to leadership/management positions in
any department are being subjected to greater oversight and accountability
than in the past. In requiring that physicians also commit to the principles of
‘clinical governance’, it must be expected that future critical care physicians
will be designated to both ‘manage’ and ‘lead’ critical care units, programs or
departments. Our vision of the future is that in their appointment critical care
physician managers/leaders will be required by hospital management to:

e Agree to specific responsibilities that emphasize clinical governance
e Develop objectives for the critical care department or program
e Undertake regular performance reviews

It must also be expected that the critical care physician manager/leader will be
held responsible by the hospital for enhancing the unit’s efficiency, thus ensur-
ing that resources provided by the hospital are used to provide good quality pa-
tient care, at the lowest possible cost.

In looking to the future, it is worthwhile to begin by identifying some of the
‘management’ principles that the clinical service provided by a critical care
department or program will employ.

Responsibilities of the Critical Care Clinical Service

A clinical service, such as a critical care program or department, will need to

employ robust evaluation activities to maintain and improve the quality of pa-

tient care. The commitment to clinical governance by all physicians will be em-
bodied in hospital bylaws. Thus, the critical care physician-manager will be held
responsible for:

1. Creating guidelines for the granting of specific clinical privileges in the ICU;

2. Developing ICU program policies, rules and regulations;

3. Developing recommendations about the need for continuing education pro-
grams that are consistent with the type of services offered by critical care and
the findings of performance improvement activities; and

4. Overseeing physician staff members’ adherence to all of: a) the Medical Staff
Bylaws', and other pertinent hospital policies; b) sound principles of clinical
practice; and c) regulations that promote patient safety.

! In North American hospitals, bylaws provide a framework for the medical staff
to discharge its responsibilities in matters relating to the quality of medical
care, to govern the orderly resolution of issues.
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A Critical Care Physician-manager Will have Specific Roles and Functions

Application of traditional management principles means that physicians under-
taking to provide management expertise to critical care will have three primary
roles:

1. Interpersonal. In this role, the ICU physician-manager is a figurehead for the
ICU team, meets with stakeholders internal and external to the ICU, and in-
fluences decision-making.

2. Informational. In this role, the ICU physician-manager monitors activities
that are important to the ICU, disseminates knowledge to the ICU team and
other relevant stakeholders, and acts as a spokesperson for the ICU.

3. Decisional. In the decision-making role, the physician-manager manages
conflict, allocates resources to support the ICU’s objectives and negotiates
with other decision makers inside and outside the hospital.

The physician-manager will also have specific functions, as follows:

¢ Planning. Every physician-manager must ensure their ICU has a plan de-
scribing ‘where it is going’ and ‘how it intends to get there’. A completed
plan includes objectives, and policies and procedures that guide the critical
care program’s daily activities. Importantly, the plan becomes a roadmap for
managing daily issues and is preparation for dealing with future challenges
(because having thought about critical issues in advance provides better re-
sponses when they occur).

e Organizing. The physician-manager must create a process that identifies what
activities should be carried out in specific critical care units, how the activi-
ties should be organized and who has the responsibility for carrying them out.
The organizing function also involves determining how clinical authority and
responsibility are appropriately divided among the different professions that
comprise the multidisciplinary critical care team.

¢ Staffing and directing. The physician-manager hires and manages the people
for the tasks required by the critical care unit. This function requires the de-
termination of appropriate staffing levels, for example, by aligning nurse and
physician resources with patient illness severity. In this function, the physi-
cian manager is also reminded to pay attention to the professional develop-
ment of the critical care workforce, as well as their motivation.

e Controlling. As specifically identified by the accountability framework, the
physician-manager will be held responsible for ensuring that processes are in
place to measure and report on the critical care unit’s or service’s perform-
ance. Accounting, budgeting and utilization management, not currently a
significant issue for a majority of critical care leaders, will become an increas-
ingly important aspect of the controlling function. Performance of both spe-
cific care units and professionals involved therein, must be measured against
accepted benchmarks.

¢ Decision-making and problem-solving. These activities are especially impor-
tant for the physician-manager. They involve the identification and analysis of
situations that require a decision, the development of alternatives, approaches
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to implementing solutions in the importance of evaluating the consequences
of the specific solution implemented.

Planning For Critical Care

Planning for the critical care service or program is especially important, and
deserves brief comment. Planning involves determining the direction of a criti-
cal care unit or program through: a) creation of objectives; and b) design and
implementation of strategies to achieve those objectives. The critical care phy-
sician-manager must commit to a process of planning (both annual and long
term). A good long term plan, developed through an iterative process, gives the
unit direction, prepares it to deal with change successfully and helps it to pre-
pare for dealing with uncertainty. In anticipating the future, planning involves
deciding ‘what to do’ and ‘how to do it’. Good planning requires ongoing sur-
veillance and adaptive change is a prerequisite. By anticipating the future, and
comparing findings to present conditions, the ICU physician-leader creates the
position to make good decisions about the ICU’s direction, its programs and
how to deploy and allocate its resources. To summarize, planning for the ICU is
important because it:

1. Forces the physician-leader to focus on outputs. All ICU activities should be
directed to achieving predefined objectives (or outputs). Optimizing the out-
puts will dictate the inputs.

2. Enables the ICU manager to develop priorities and make better decisions
about the allocation and use of resources. By integrating structures, tasks,
technology and people, inputs are converted to outputs.

3. Provides a foundation for resource allocation and control. It enables the ICU
physician-manager to measure progress and to determine whether expected
results are being achieved.

How Will the Critical Care Physician-Manager’s Roles and Functions
be Integrated by the Hospital’s Management Team?

Appointment of a physician to a management role in critical care will be in-
creasingly accompanied by an explicit job description (Table 3), which will both
be aligned with the hospital’s goals and objectives and emphasize the account-
ability agenda previously discussed. Physicians appointed to management roles
will have their performance measured on a regular basis; this will not be just
‘academic’ performance, but also performance related to roles identified in a job
description.

Physicians appointed to clinical management roles in critical care also should
expect to see an explicit linkage between performance and reward. An increasing
body of management research confirms that aligning physician compensation
with the achievement of specific objectives (clinical, administrative and
academic) is accompanied by enhanced performance. Data from the health
literature supports the notion that aligning physician compensation with
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Table 3. A model of a job description for critical care physician appointed to lead and manage
a critical care unit, program or service integrates roles attributed both to ‘management’ and
‘leadership’

1.

10.

11.

Determine the clinically related and administrative activities of the ICU service
including, but not limited to, the quality of patient care provided by members of the
ICU;

Where ICU ‘Rules and Regulations’ are desired, the physician manager/leader will

be accountable for development and implementation of those Rules and Regulations,
ensuring that they support the hospital’s performance improvement plan that deals with
professional medical care in the ICU. With the approval of physician members of the
ICU, he/she will submit ICU Rules and Regulations to the Medical Board;

Develop and implement ICU programs for orientation of new members, credentials
review and privileges delineation for appointment and reappointment, continuing
medical education, utilization review, concurrent evaluation of practice, and
retrospective evaluation of practice;

Transmit to the appropriate authorities the ICU’s recommendations concerning
appointment, reappointment, delineation of clinical privileges, and disciplinary action
with respect to members of the Service;

Recommend the criteria for clinical privileges that are relevant to the care provided in
the ICU;

Assess and recommend to the relevant hospital authority space issues for needed patient
care services and technology provided by the ICU;

Recommend the qualified and competent physicians required to provide ICU clinical
service needs;

Determine the qualifications and competence of ICU personnel who are not licensed
independent practitioners (example, post graduate trainees) who provide patient care
services;

Maintain continuing review of the professional performance of physician members with
clinical privileges in the ICU, and maintain appropriate documentation;

Assist in the development and enforcement of hospital policies and Medical Staff Bylaws,
Rules and Regulations, and the requirements and Rules and Regulations in the ICU;

Perform such other duties commensurate with his/her office as may from time to time
be assigned by the Chief of Staff or the hospital.

specific management objectives is successful, not only with regards to ‘typical’
managerial tasks, but also for academic productivity [5, 6].

‘Good Management’ Contributes to ‘Performance’

Management research documents that good physician management effectively
translates into improved performance with respect to clinical critical care and
safety. Based on data collected on almost 18,000 patients in 42 ICUs, Shortell
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and colleagues reported that superior organizational practices among ICUs were
related to a patient-centered culture, strong medical and nursing leadership, ef-
fective communication and coordination, and open, collaborative approaches
to problem solving and conflict management [7]. Specifically, good caregiver
interaction, management co-ordination, and conflict management in the ICU’s
leadership group was associated with all of the following: a) lower risk-adjusted
length of stay, b) lower nurse turnover, and c) a greater ability to meet family
member needs.

When compared to ICUs where patient care is provided in an ‘open’
environment, research also has shown that ICUs which are managed and staffed
by trained critical care physicians have better patient outcomes while using
fewer resources [8, 9].

Leadership and Leading

Defining physician-leadership is more difficult than defining physician-man-
agement, in part because health leadership research is much less mature than
health management research. Yukl stated that “leadership involves influencing
processes affecting the interpretation of events for followers, the choice of objec-
tives for the group or organization, organization of work activities to accomplish
the objectives, motivation of followers to achieve these objectives, maintenance
of co-operative relationships and teamwork, and enlistment of support and co-

operation from people outside the group or organization” [10].

Other research emphasizes the importance of good leaders being especially
adept at managing through times of change. In managing change, Tichy and
Cohen observed that leaders move organizations from where they are to where
they need to be [11]. He also felt that good leaders make things happen, are
often regarded as revolutionaries, and are adept at facing reality and mobilizing
resources to support change.

While a majority of leadership research has occurred in the non-health
industries, Shortell and colleagues have begun to evaluate leadership in the
health sector. These authors [12] concluded that research about leadership has
been too narrow. These authors subsequently argued that high-performance
physician leadership depends on key characteristics, namely systems thinking,
visioning, facilitating learning, and follower empowerment.
¢ Systems thinking. This stresses that all organizational systems in health are

comprised of some common attributes.

e Visioning. By visioning, physician leaders lead by ‘pulling’ not by ‘pushing’;
good leaders create exciting images of the future and have the ability to sell
the vision to colleagues and develop their commitment to it.

¢ Facilitating learning. Changes in healthcare are generally considered revolu-
tionary rather than evolutionary. Thus, creating change requires successful
managers who have the commitment and ability to learn and relearn.

e Empowering followers. As the essence of leadership is getting things done,
Shortell et al. [12] believe that successful physician-leaders understand that
their followers are a source of organizational creativity. This means that suc-
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cessful physician-leaders understand and create team-orientated approaches
for providing patient care and programs to continuously improve quality.

Different Styles of Leadership

While there are different styles of leadership, the successful critical care physi-
cian-leader will learn that different approaches are situation-specific, and adapt
his/her leadership to the specific situation.

¢ Charismaticleadership. A charismatic leader uses influence based not on tra-
dition or formal authority, but on follower’s perceptions that he/she displays
exceptional qualities. Charismatic leadership is important when there is an
organizational crisis, for example, during a hospital merger. Here, a physi-
cian may create a radical vision for change (and survival), and it is the vision
presented that attracts followers who believe it will provide stability for them
during the crisis.

e Transformational leadership. A transformational leader appeals to followers’
values and emotions, and mobilizes their energy to re-organize around a task
(in contrast, a transacting leader motivates followers by appealing to their
self-interest). Followers trust, admire and respect the transformational lead-
er, and become motivated to do more than was originally expected of them.
The transformational leader motivates followers by making them more aware
of the importance of their task outcomes, and convincing them to go beyond
their self-interest for the sake of the team.

¢ Pragmatic leadership. The pragmatic physician-leader focuses on the organi-
zation, for example, the critical care unit, rather than on the people that com-
prise the workforce. This leadership approach faces the reality of the environ-
ment in which the critical care unit operates. These types of leaders are most
effective when an organization is going through rough times.

Effective ICU Physician Leaders Will Use Their Power Judiciously

If an essence of leadership is the ability to influence followers, power is the po-
tential to exert influence. ‘Power’ was defined by Alexander and Morlock [13] as
the “ability [or potential] to exert actions that either directly or indirectly cause
the change in the behavior and/or attributes of another individual or group”. For
the ICU physician-leader, power is the probability he/she will be in a position to
carry out his/her own will despite resistance from other members of the team.
In contrast, ‘influence’ refers to “actions that, either directly or indirectly, cause
change in the behavior and/or attitudes of another individual or group” [13].
Thus, influence is power that is translated into action. Sources of the ICU physi-
cian-leader’s power are shown in Table 4.

Physician-leaders need to understand the different types of power and
be especially aware of their sources of power. Physician managers must also
appreciate the need to develop power; this happens by creating opportunities,
controlling resources and dealing effectively with contingencies that face the
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Table 4. Different types of ‘power’ exerted by an ICU physician-leader in achieving goals and
objectives.

- Legitimate power exists when it is derived from a physician leader’s position in the
hospital.

- Reward-based power is the leader’s ability to reward desirable behaviors.

- Coercive power is based on the leader’s ability to prevent someone from achieving
rewards they want.

- Expert power derives from having knowledge valued by the ICU or hospital, such as
expertise in problem solving.

- Referent power results when a leader creates admiration and loyalty to the extent that
power is gained to influence others.

hospital. Exerting influence should be reserved only for issues of high priority
for the ICU, where the greatest benefits will occur from its application. Stated
differently, the effective ICU physician leader uses his/her power and influence
judiciously.

Effective ICU Physician-leaders are ‘Change Managers’

Leading change is considered to be the most important — and difficult - of a phy-
sician-leader’s responsibilities. Resistance to change, which often includes ques-
tioning the need for change, is a natural part of almost all of the physician-man-
ager’s projects. Without managing the effect of change proposed on the ICU and
its staff’s work patterns, the potential benefits of a project may not be achieved.
For successful implementation of projects that require change in the behavior of
physician colleagues, the physician manager/leader needs to analyze and under-
stand potential resistance, and then create a plan to manage the resistance.

Physician manager/leaders need to learn how to diagnose the forces of change,
and then guide successful change. Before beginning any change activity, the ICU
physician-leader must have a vision for a better future that is attractive enough
to justify the sacrifices and hardship that the change process requires. Guidelines
for successful change management are summarized in Table 5 [14].

Over the last decade, research in healthcare has sought to understand how to
change clinician behavior, and some good evidence has emerged. Fundamentally,
changing physician behavior is most successful with a multi-factorial approach
that emphasizes use of ‘evidence’ rather than focusing on the practice of
individual physicians or groups of physicians whose practice is at variance with
the majority. The Agency for Healthcare Research and Quality (AHRQ) report
“Making Health Care Safer: A Critical Analysis of Patient Safety Practices,” [15]
summarized strategies which evidence suggests will be effective in changing
physician practice, and thus also engage them in processes to improve quality
of care (Table 6).
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Table 5. Approaches that successful leaders and managers use to implement ‘change’.

1. Identify a change sponsor, preferably someone who has the authority to begin the change
process and the ability to sustain it through to implementation.

2. Create a clearly defined aim that can be communicated to all individuals who will be
impacted by the change.

3. Insure that you have a tolerance for ambiguity: All participants in the change process
must understand that ambiguity is a normal part of the change process, but that as the
change progresses the ambiguity will decrease and benefits will be identified.

4. Remember that commitment at all levels to the project must be maintained through all
areas of the ICU that will be affected by the change. Adequate resources must also need to
be assigned to the change process.

5. Make sure that communication is open: A formal communication plan is an essential, to
allow all participants to provide their views and opinions into the change process.

6. Be sure that you have identified an appropriate change management methodology,
especially when projects are complex, when the cost of failure is high and probability of
failure is real because of anticipated resistance to change.

Table 6. ‘Evidence based’ strategies that are considered the most effective in changing physi-
cian practice

e Minisabbaticals that allow clinicians to spend time in other critical care units learning
how to practice evidence based healthcare.

e Personalized feedback on performance, either in comparison with that of others or
against explicit standards, as part of learning process.

e Computer-assisted decision-making that provides reminders and easy access to evidence
based guidelines and to knowledge itself.

e On-the-job training of practical skills.

e Use of opinion leaders or ‘educational influentials’ (colleagues whose performances are
respected).

“The most important step in facilitating change is to ensure that physicians
want to change. The most effective way of encouraging them to change is to
help them see evidence based decision-making not as a management impera-
tive, but as an intellectual challenge” [16].

This aspect of leadership is more completely reviewed in the chapter by Drs Cook
and Finfer later in this book.
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The Imperative for Using “Evidence” in Decision Making

Physician managers are responsible for making decisions that directly or in-
directly impact on the quality of patient care and health care costs. Within a
climate of scarce healthcare resources, physician-managers make difficult de-
cisions about complex issues, including the allocation of resources for indi-
vidual clinical interventions and the organization of the ICU’s care processes.
Researchers increasingly comment that, much like clinical practice, decision
makers do not always use of available research to inform their decision-making.
While there are many factors that influence managerial decision-making proc-
esses, it can be argued that management decisions in health care should imply
‘best available evidence’ similar to what is promoted as appropriate for clinical
decision-making.

While the initial focus has been directed towards clinical decision-making
(example, evidence based medicine; EBM), principles of this approach to
making decisions are increasingly applied to management and policy decisions.
The terminology, ‘evidence based health care’ adapts the strength of the EBM
approach to diverse health care disciplines outside of clinical medicine. By
using evidence based health care, Muir Gray [16] argues the physician manager
will reduce practice variation by increasing the use of medical interventions
of proven effectiveness and by limiting the use of clinical strategies not shown
to be effective. As when making a clinical decision, evidence based health
care (or evidence based health management) involves a rigorous approach to
systematically searching for, finding, critically appraising and applying best
evidence to health care management and policy decisions. The four skills
required in evidence based health care are similar to those used when searching
the clinical literature for diagnostic or treatment options, as outlined in Table 7.

Motivating
Whether working with individuals or teams, the physician-leader needs to

motivate his/her colleagues. When successfully motivated, the performance
of healthcare workers improves. Motivating is initiated by first understanding

Table 7. The approach to practicing evidence based healthcare for hospital managers and
leaders

1. Create an answerable question,
Search for evidence to answer the question,
Evaluate the evidence retrieved

Apply the evidence in making decisions

L ]

Establish a measurement approach that allows you to evaluate the consequences
of the decision
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what needs and rewards people view as important. Intrinsic rewards, such as
job challenge, opportunities for creativity, responsibility, autonomy and op-
portunities for growth, motivate some workers; extrinsic rewards, such as job
title or pay, motivate others. Successful programs include financial incentives,
employee training and goal setting. Combined interventions are more effective
than single method approaches and employees respond to different rewards at
different times.

Team Building and the Impact of ‘Good Teamwork’ on Clinical Outcomes and Quality

Given the importance of teamwork to a successful critical care service, team
building is a proficiency that must be learned and practiced by the physician-
leader. A physician in a team leadership role is most effective when she/he de-
fines the objectives of the task to be performed and then allows team members
to contribute to creating solutions. A team is most ‘effective’ when collaboration
(rather than competition) is promoted and team members are encouraged to as-
sume leadership. It is axiomatic that the more inclusive the team, the greater will
be the talents and viewpoints available to analyze and deal with problems found
in a critical care unit. Gray states the performance [P] of an individual or team
is a function of three variables:

P =MxC/B

where [M] is the level of motivation, [C] is the level of competency and [B] are the
barriers needed to be overcome in order to perform well [16].

The impact of good teamwork on ICU clinical outcomes has been well
demonstrated. In a public inquiry into patient deaths in the United Kingdom,
Professor Ian Kennedy concluded that poor teamwork had a negative effect
on clinical performance and patient outcomes [17]. He noted “...in particular,
poor teamwork demonstrates a clear lack of effective clinical leadership. Those
in positions of clinical leadership must bear the responsibility for this failure.”
The converse, the positive impact of good teamwork on clinical outcomes, has
also been shown. Pronovost and colleagues concluded that when everyone
concerned with a patient’s care — doctors, residents, nurses, attending physicians,
pharmacists and others - participated in rounds together, and created daily goals
for care, communication was improved, as was professional job satisfaction [18].
Pronovost’s study also noted that better resource use - measured as a one-day
decrease in ICU stay - resulted from encouraging good teamwork.

Managing Conflict

Conflict is inevitable in the ICU. Not surprisingly, it impacts negatively on clini-
cal productivity. A common origin of conflict is the uncertainty surrounding pa-
tient outcomes, unit planning and daily operations. An example of uncertainty
in the ICU is the suddenness of patient admissions and patient related complica-
tions. Other conflict points in the ICU include patient care issues when disagree-
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ment evolves about the appropriate management of the patient, disagreement
between patient families and ICU professionals, differing ethical values relative
to patient care decisions, and staff shortages that lead to fatigue.

Although research about conflict issues in the ICU is scant, a recent study
described an evaluation of 248 conflicts involving 209 patients. Different types
of conflict were described: team-family disputes, intra-team disputes, and intra-
family conflict. The leading sources of conflict were disagreements over life
sustaining treatments, poor communication, the (lack of) availability of family
decision makers and the surrogates’ (perceived) inability to make decisions.

“Individual clinicians improve performance by incorporating teamwork, com-
munication and crisis resource management principles into critical care train-
ing. Team performance may also be improved by “assessing personality factors
when selecting personnel for high-stress areas, explicit assignment of roles, en-
suring a common “culture” in the team and routine debriefings” [19].

Conclusion - On becoming a ‘Clinician Administrator’

The role of physician-leader-manager in the ICU is becoming increasingly com-
plex. Healthcare systems are imposing demands for accountability and perform-
ance that require physician managers to become familiar with new roles and
skills. Understanding of epidemiology, statistics, health status and outcomes,
mastering information systems and technology are part of the expectations.
Physician-managers need to understand and lead quality improvement in a
manner that is consistent with new demands for clinical governance. Physician-
managers need to learn about health care financing, using budgets for planning,
and working within limits and constraints. Problem solving, mentoring and
coaching also are required of the new physician-manager. Physician-leaders are
expected to be lifelong learners, to provide transformational leadership and cre-
ate visions to move their ICU in new directions. A summary of the distinction
between ‘management’ and ‘leadership’ traits/activities is shown in Table 8. This
module is only a brief introduction to some of these new skills.

We have previously argued that the chaos characterizing today’s healthcare
systems, coupled with the stresses critical care will face over the next decade
(especially those outlined in this text), will increasingly result in a cohort of
critical care physicians undertaking to develop the skills required to become
a ‘clinician-administrator’, as, currently, other trainees will choose to develop
expertise as say ‘a clinician-researcher’ or ‘clinician-teacher’. The ‘clinician
administrator’ in critical care will learn through the commitment of professional
societies to developinginnovative programs that provide trainingin management
and leadership skills.

Accepting the premise that formerly preparing some of our future critical care
physicians to be ‘clinician administrators’ will be as important as preparation
to be a ‘clinical researcher’ or ‘clinical educator’, what are the attributes and
behaviors that will characterize successful ICU physician leaders 10 years from
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Table 8. A summary of the different skills required when ‘managing’ versus ‘leading’.

Management and managing Leadership and leading
Directing Supporting

Creative thinking Inspiring creativity
Decision-making Delegating

Listening Ensuring understanding
Constructive criticism Supporting

Problem solving Resolving conflict
Implementing technology Humanizing technology

now? A successful critical care physician will be one who understands how to

integrate leadership skills into his/her approach to all the unit activities on a

daily basis. When leading, the critical care physician will emphasize a vision for

the future, and then will create support amongst the critical care stakeholders to
move in that direction. Other components of the leadership agenda for successful

critical care physicians will emphasize an understanding of how to motivate a

multi-professional workforce.

Management research from many sources identifies behavior types in
successful leaders, which can be, I believe, easily translated to critical care
leadership [20]. This work summarizes that ‘best practices’ in leadership and
management applied to any business, including critical care in our opinion,
will include all of the following. The critical care physician-manager will be
successful because (s)he [21]:

1. Articulatesa clear vision for the critical care unit, program or Department and
encourages co-workers to adopt the vision. The leader will identify what the
critical care unit stands for and declares this in clear and inspiring terms.

2. Creates priorities and direction to ensure focus.

3. Identifies problems, uses ‘evidence’ to analyze possible solutions and then
translates plans into action.

4. Encourages and supports the critical care staff to commit to lifelong learning,
thereby creating an environment that motivates co-workers to commit their
talents to pursuit of the critical care objectives.

5. Constantly learns because the environment in which critical care operates is
rapidly changing and thus needs a constant infusion of new knowledge to be
successful in its many objectives.

6. Balances the interests of all stakeholders.

To summarize, the future of critical care will be bright when existing leaders
commit to the development of programs that formerly prepare the next genera-
tion of critical care physicians to be ‘managers’ and ‘leaders’. The skills can in-
deed be learned, and when applied in a consistent and balanced way, result in
a critical care system which accepts accountability to the broader governance
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system, leads in innovation and challenges others in healthcare to adopt the
‘best practices’ to the benefit of our patients. The writer hopes the trainee in
critical care will increasingly search out leadership and management training
opportunities, to become part of the new workforce required of the critical care
community.
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Critical Care from 50,000 Feet

D. C. Angus

Introduction

The current book takes on the ambitious task of amassing evidence and opinion
about the directions and challenges for critical care in the coming decade. My
particular assignment was to provide introductory comments relating to the ‘big
picture’. In organizing my thoughts, I have started with a conceptual overview
of what intensive care ‘is’, focusing on how it relates to the rest of the healthcare
system. With that conceptual model in mind, I have then attempted to summa-
rize how critical care is currently provided, warts and all. From this summary
of the current field of play, a number of issues naturally arise that are likely to be
of import in the coming decade. It is on how we might tackle these issues that I
offer some concluding musings.

A Conceptual Model of Care Delivery for Acute lliness
The Intensive Care Unit

Acute illness may be managed in a variety of settings but traditional measures
of the availability of care for acute illness have focused on the intensive care unit
(ICU), which is usually the definitive location for stabilization and treatment of
acutely ill patients. Although all ICUs share the goal of providing intensive care
to the critically ill, they are not uniform. Conceptually, their functional capabil-
ity is a manifestation of the place, the people, and the product (Fig. 1). The place
includes the physical structure, the number of beds, and the technology, such as
monitoring capabilities. The people are the ICU staff, and can be defined as the
number and type of different staff members (e.g., physicians, nurses, and respi-
ratory therapists), their organizational structure (e.g., mandatory involvement
of intensive care physicians in the care of all patients), and the type and qual-
ity of leadership, collaboration, and teamwork. The product is the suite of diag-
nostic strategies and interventions offered by the ICU, and ca be defined by the
variety, quality, and quantity of product. There is an obvious interrelationship,
or set of internal influences, between the place, people and product. For exam-
ple, the interventions offered (product) depend on the technologic capabilities
available (place) and the training and experience of the staff (people). There are
also a number of external factors that influence the ICU. The first external influ-
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Fig. 1. The functional capability of the intensive care unit (ICU). The ICU functions as a mani-
festation of the place, the people, and the product. The place includes the physical structure,
the number of beds, and the technology, such as monitoring capabilities. The people are the
ICU staff, and can be defined as the number and type of different staff members (e.g., phy-
sicians, nurses, and respiratory therapists), their organizational structure (e.g., mandatory
involvement of intensive care physicians in the care of all patients), and the type and quality
of leadership, collaboration, and teamwork. The product is the suite of diagnostic strategies
and interventions offered by the ICU, and can be defined by the variety, quality, and quantity
of product. However, three levels (hospital, regional, and national) of external entities also
influence the functional capability of the ICU.

ence is the hospital in which the ICU is located. Factors such as the capability of
the hospital floors to handle sick patients will influence who is transferred and
when, both into and out of the ICU. Financial pressures faced by the hospital will
have trickle-down effects on the provision of ICU services. And, the prevailing
professional culture may have strong influences on who is admitted to the ICU
and how the ICU is staffed.

The hospital operates within a region, and a number of regional variables
influence ICU function. A sparsely-populated mountain region places different
demands on acute care services than a large, urban community. The surgical/
trauma ICU at LDS Hospital in Salt Lake City, Utah serves as a regional referral
center for patients developing acute illness hundreds of miles away and thus
requires an efficient long distance inter-hospital referral and transport system
that works in all weather conditions. In contrast, the surgical/trauma ICU at Los
Angeles County hospital serves a predominantly poor, densely-populated part
of Los Angeles riddled with high crime and unemployment. In this instance,
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priorities include providing expert care for a high volume of penetrating trauma
on limited public funds while complex inter-hospital transport systems are less
important.

Regional characteristics can lead to change in acute care services provision
over time. For example, in the United States, local competition from other
hospitals may lead hospital administrators to build or upgrade ICUs in an effort
to market technologic superiority. In the United Kingdom, regional health board
funding decisions can have profound impact on the provision of ICU services.
Swings in the strength of the local economy and labor market will also impact
funding and staffing over time. Finally, local news stories, especially if suggestive
of poor care, can sway public opinion, engage local politicians, and pressure
hospital administrators to change the provision of services.

National factors also affect ICU delivery. Obvious factors include overall
healthcare policy and funding decisions. There is usually close interaction
between funding agencies, such as government health departments, and national
professional organizations and accreditation bodies. These different agencies
and organizations are responsible for implementing standards for training and
certification and may also determine the number of training positions and work
hours, which influence current and future supply of acute care health providers.
In addition to these factors, there are a number of less obvious national influences,
such as the overall financial health of the nation and its commitment to healthcare
spending, the prevailing cultural values, legislative and judicial processes
both directly and indirectly related to healthcare, and media representation of
acute illness. For example, in the United States, the Leapfrog group, a national
consortium of Fortune 500 companies, is currently pressuring hospitals to
staff ICUs with full-time intensivists. Leapfrog believes current ICU staffing is
inadequate and hopes external pressure can lead to improved healthcare quality,
reduced healthcare costs, and, ultimately, reduced health insurance premiums
for the workforce employed by its member companies. Leapfrog is promoting
change through public awareness, and has been remarkably successful in
gaining high profile media coverage, and through financial incentives to health
insurance companies to force provider compliance.

Another recent example was the sudden, large increase in resources for
intensive care by the UK government. While the rationale was multifactorial, the
considerable media coverage that highlighted an apparent lack of availability of
ICU beds seemed to play a key role.

The Episode of Care for the Acutely Ill

Care for the acutely ill clearly extends beyond the walls of the ICU (Fig. 2). An
episode of acute illness can require care at a number of different points, and be
influenced by a number of different characteristics. While the ICU serves as a
simple demonstration of the complexity and hierarchy of influences on acute
care delivery, the reality is further complicated by the number of different ele-
ments in the care process, and changes at any point in the chain of care may have
important consequences for the patient’s outcome. For example, Cook et al. dis-
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Fig. 2. The chain of care for the critically ill. The care for a critically ill patient extends be-
yond the specific ICU that takes care of him or her. It is a chain of actions stretching from the
location where the critical illness first occurred (e.g., home) to the location where the critical
illness has resolved (from [64] with permission).

cussed how the ICU might ‘outreach’ to affect care on the floor (e.g., through the
use of medical emergency teams (METs)), finding acutely deteriorating patients
sooner, and thus hopefully improving outcomes.[1].

One side-effect of embracing the complexity of extended acute care at multiple
time-points by multiple providers is that we complicate measurement, feedback,
and behavior modification. This is because there are now a number of different
clinician groups to target, optimal strategies for improvement may differ across
groups, and determining what the output of the care is that should be measured,
and when, is less clear. For example, should adjustment for severity of illness
be assessed before ICU admission? If so, how soon? Should the outcome be at
hospital discharge? If so, and outcome improves, was it due to changes in pre-
ICU or intra-ICU care?
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The Current Provision of Care for the Acutely IlI

Although a relatively young field, intensive care has grown rapidly in recent dec-
ades. For example, in the United States, there are approximately 6,000 ICUs in
the 4,000 acute care hospitals caring for 5-6 million Americans, or 2% of the
population, each year. Nominally, the reasons for ICU care are to provide physi-
ologic monitoring and life support as needed to patients who are either acutely
ill or at risk of acute deterioration. In other countries, the same level of care may
be provided elsewhere in the hospital, such as on the regular floor or in a high
dependency unit. The common theme, however, is that a place in the hospital is
dedicated to care of the acutely ill. The evidence that creating such a place im-
proves outcomes is scant at best. There are early studies supporting the value of
admitting patients post myocardial infarction to a coronary care unit for cardiac
monitoring and defibrillation when indicated [2-4], and anecdotal reports of
improved outcomes for trauma and burns patients when cared for in special-
ized ICUs.[5-8] However, there are no large, contemporary trials of specialized
care environments, such as an ICU, for acutely ill adults. Furthermore, a large
population-based study of ICU care comparing western Massachusetts in the US
to the province of Alberta in Canada found 2-3 times higher provision of ICU
services in western Massachusetts but no difference in outcome [9].

There is an empiric argument for creating a place dedicated to the provision
of acute care. The staff working in that place can be trained specifically for
management of acute illnesses and gain further expertise through constant
practice. This argument is analogous to the contention that surgery is better
performed at high volume centers [10, 11]. There is also circumstantial evidence
in support of specialized acute care services. Goldfrad and Rowan demonstrated
that patients discharged prematurely from ICUs due to bed pressure incurred
a significantly higher hospital mortality.[12] If ICU care was not beneficial,
then early discharge to the hospital floor should not have affected outcome.
Similarly, the UK collaborative extracorporeal membrane oxygenation (ECMO)
trial found that babies transferred to regional ECMO centers, where there was a
higher level of specialized acute care services, had markedly improved outcomes
that extended even to the babies that did not receive ECMO [13]. Nathens and
Turkovich recently reported that statewide trauma systems in the US, with
referral of the sickest patients to centers of expertise, significantly improved
outcomes [14].

As noted above, not all ICUs are equivalent. Many studies have suggested
that ICU staffing may affect patient outcome. In the United States in particular,
many ICUs do not have dedicated intensivist physician staffing. Yet, numerous
studies suggest that intensivist-staffed ICUs have lower mortality rates, and
possibly more efficient use of resources [15]. Recently, Tarnow-Mordi et al also
highlighted the importance of nurse staffing in the ICU, reporting that patients
were significantly more likely to die when cared for in the ICU during periods of
peak occupancy, when nurses were overloaded with work [16]. Importantly, the
magnitude of differences in outcome associated with these staffing patternsis as
large, and often larger, than that reported for many drugs and devices used in
the acutely ill.
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Organizing care for the acutely ill in a particular place can also have a
number of unintended, harmful consequences. For example, the necessities of
round-the-clock acute care lead to significant noise and light pollution in the
ICU, which may have a variety of consequences for the patient, including sleep
deprivation and psychological disturbances [17]. Treatment for these sequelae is
often increased use of sedative and neurotropic agents, which themselves may
have both short and long-term consequences, including prolonged mechanical
ventilation with increased risk of nosocomial infection, chemical dependency,
extrapyramidal symptoms, social isolation from relatives and staff, and residual
neuropsychological impairment [18-21]. The ICU may also promote a culture
of overly aggressive use of diagnostic and interventional strategies, many of
which may have harmful side-effects, such as the increased risk of pulmonary
embolus with pulmonary artery catheterization [22]. Such a care strategy,
especially for a patient unable to communicate his or her treatment preferences,
may lead to unwanted care, angry relatives, and, for those patients who die,
poor end-of-life care.

Some of the studies quoted above suggest that regionalizing care of the
acutely ill may offer significant advantages. Scarce, expensive resources can
be consolidated in a single center where their use can be optimized and the
staff can gain the most concentrated training and expertise. Regionalization
today exists in four main areas of acute illness: neonatal intensive care, trauma
care, burn care, and certain specialized surgical services. There is evidence in
each of these areas that outcomes are improved with regionalization [13, 14,
23]. However, there are many barriers to regionalization and even these acute
care services are often only partially regionalized. For example, in the United
States, 40% of all neonates who are ventilated and die do so without transfer to
a tertiary care center.[24] There are many potential barriers to regionalization.
The requisite communications and referral infrastructure may be missing or
inadequate, patients and families may be unwilling to travel for care, and their
local caregivers may be reluctant to cede control to the regional center.

These sobering facts should, of course, be balanced with consideration of the
many positive aspects of intensive care. Huge technologic and scientific advances
have been made in our understanding of critical illness and the ways in which we
can best care for it. Over the last few years, there has been a profusion of large,
high quality randomized clinical trials shedding light on the optimal way to care
for ICU patients. We now have high quality evidence informing us on optimal
ventilator management and weaning [25], prevention of ICU complications such
as pneumonia [26, 27], stress ulcers [28], and deep venous thromboses [29], and
treatment of ICU syndromes, such as severe sepsis [30-32]. In addition, there
are now several collaborations, such as the Canadian Critical Care Trials Group
(CCCTQG), the Australian and New Zealand Intensive Care Society (ANZICS) trial
group, and the NIH ARDS Network, that are continuing to conduct large, high
quality randomized trials that will shed further light on how best to provide
critical care.

There are also many large scale private, academic, and government efforts
to monitor and improve the quality of intensive care delivery. Examples from
the US include the Leapfrog Group initiative to promote intensivist staffing in
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non-rural ICUs [33-36], development and assessment of ICU quality measures
by the Joint Commission on Accreditation of Hospitals Organization (JCAHO)
[37], regional and statewide severity-adjusted outcomes reporting [38, 39], and
the VHA Inc. effort to promote and measure use of evidence-based care bundles
for ventilated patients and patients with severe sepsis [40]. Similar efforts are
underway in Europe, Canada, Australia and elsewhere. Thus, both the intensive
care specialties and the stakeholder groups that pay for, or use, intensive care
are becoming increasingly active in addressing a number of the key barriers to
optimal, high quality intensive care.

Future Demand for Care of the Acutely lll

Regardless of our level of satisfaction with current services, we must plan for
changes. The post-World War II ‘baby boom’ populations of Europe and the
United States are entering their sixth and seventh decades, peak ages for incur-
ring acute illnesses. In the United States, there are currently no plans to increase
the number of training positions for intensivists. Thus, based on demographic
changes alone, a person’s likelihood of receiving intensivist-led ICU care is an-
ticipated to decrease considerably in the next 10-20 years [41]. Furthermore, it
is unrealistic to believe that the only demand for ICU services will be driven by
demographic change. Since 1990, with only a small change in population char-
acteristics, ICU use has grown in the US by almost 30% [42-44]. Despite the
oft-quoted belief that technologic advance would lead to reduced healthcare re-
source consumption, new advances consistently drive up our demand for health
services [23, 45]. In the United Kingdom, where there was a fixed cap on the
provision of ICU services during the 1990s, demand for ICU care resulted in a
three-fold increase in the number of premature discharges [12]. Thus, it seems
likely that we must actively plan to provide acute care to more people, and find
efficient ways to do so given the limited healthcare budget.

Ideal Characteristics of an Acute Care Delivery System

I posit that the ideal system would have the following features. First, we would
retain the ICU as a focused location for the provision of acute care services to the
sickest patients. This approach has the conceptual advantage of concentrated
expertise and technologic support. However, better standardization of the capa-
bilities of an ICU is essential. In addition, the transition into and out of the ICU
must be better delineated both to ensure efficient use of resources and to provide
a better continuum of care. Systems such as METs may help standardize and im-
prove pre-ICU care[46-48] while post-ICU follow-up clinics are one example of
a more gradual ‘hand-off’ of the sequelae of critical illnesses to the primary care
providers [49, 50]. Although 24/7 staffing by intensivists is desirable, this seems
impractical, given workforce and funding constraints. Thus, some sort of levels
of ICU are necessary, such as those proposed recently by the American College
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of Critical Care [51]. The best use of different levels of ICUs is obviously triage of
the sickest patients to the highest level ICUs, which is de facto regionalization.

Distributing ICU Services Optimally Across Regions and Systems

Currently, there is no systematic approach to ensure which patients are admitted
to ICUs and when. In the absence of such a system, a patient who may benefit
from ICU care may or may not receive that care simply based on the hospital in
which she receives care. This almost certainly means a suboptimal matching
of ICU services to population needs. Furthermore, it is possible that different
ICUs have different levels of expertise, as proposed by the American College of
Critical Care Medicine [52]. Yet, there is no system to triage patients to differ-
ent levels, based on need. In contrast, the introduction of regionalized ICU care
for neonates and for trauma victims has demonstrated a clear improvement in
overall outcomes [13, 53]. Although the introduction of regionalized care for all
adult ICU use is somewhat daunting, and associated with significant barriers, it
seems that such an approach will be essential if ICU services are to be used most
efficiently and most optimally.

To ensure regionalization works, I would encourage estimates of the need
for a certain number of ICUs of different levels for a given community. Then,
there must be standard entry criteria and an appropriate communications and
referral system. Creating and enforcing such a system is not straightforward.
Trauma systems have the following advantageous characteristics. Their creation
was mandated and funded at the state government level; triage is aided by a
simple classification of injury severity, the Injury Severity System [54], which
can be calculated in the field by paramedics, and the allocation of all cases can
be routed through a regional radio command post.

In comparison, a broad ICU triage and regionalization system has the
following problems. First, there is no regional or national mandate or funding
for regionalized care. Indeed, in many markets, hospitals competing against each
other will seek to duplicate services. As an example, in 1994 32% of ECMO cases
were >20 miles, and 22% were >40 miles, away from the regional ECMO centers
in California [24]. Almost half of these centers performed only >5 ECMO runs
per year, even though the ELSO recommends 12 per year as a minimum standard
[55]. Second, we do not currently have any broad patient classification system
that determines need for ICU care. Indeed, ICU severity adjustment systems
typically calculate risk of death after ICU admission [56-59]. Finally, patients
developing acute illness do so in a variety of settings, including the operating
room and the hospital floor. There is no common communications system that
will know of all these patients in time to triage their care. Furthermore, the
correct decision might be to limit certain surgical procedures to institutions that
have the appropriate ICU services should complications develop. This requires
major systems changes that are unlikely to happen without the appropriate
political will.
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Recruiting and Maintaining the Optimal ICU Workforce

Currently, most ICU patients are not cared for by physicians trained in intensive
care. Likewise, ICUs across the country face difficulties recruiting and retain-
ing nursing staff. The difficulties will increase as an aging population creates
increased demand for ICU services. Although the number of training positions
could be increased, these positions may not be filled, and the expansion in po-
sitions required if this were to be the only solution seems unrealistically high.
Therefore, a multipronged approach with alternative staffing models seem es-
sential. For the physician shortage, collaborative care models with hospitalists
and emergency medicine physicians should probably be explored. Physician ex-
tender models, such as use of nurse practitioners or physician assistants [60],
may also be helpful. And, the use of telemedicine, as demonstrated in a pilot
study by Rosenfeld et al [61], holds promise. The nursing challenge may be even
more difficult to meet. In all areas of healthcare, it has been increasingly diffi-
cult to maintain a nursing workforce. Numerous efforts to protect the workforce
have already been employed in recent years, yet the problem continues. The crux
is that a career in nursing is simply less attractive than it once was. For physician
and nursing staff, the keys will be to determine adequate levels of training and
capabilities required for staff working in the ICU and to adequately fund the ap-
propriate initiatives.

Providing Critical Care Outside the ICU

Even though there will be challenges providing adequate staffing within the ICU,
we are also going to have to confront the need to provide adequate care for the
critically ill outside the ICU. Rivers et al. have demonstrated the importance of
early, aggressive resuscitation prior to ICU admission [31], several groups have
demonstrated the value of METs leaving the ICU to stabilize and treat hospital
floor patients who have acute crises [47, 62], and others have also demonstrated
that involvement of ICU staff in the care of patients after ICU discharge appears
to improve outcome [46]. Determining how to systematically and efficiently de-
liver critical care in these settings will be an important safety and quality goal
in the future.

Harnessing Insight into the Pathophysiology of Critical lliness

Although there has been great insight into the pathophysiology of injury, re-
sponse to injury, and organ dysfunction, the payoff in terms of changed care
paradigms has been small thus far. We still have no reliable markers of the host
response to injury that can be used to guide therapy. A recent study of antibiotic
therapy tied to procalcitonin yielded very promising results [63], but much work
remains in this area. Similarly, the only specific agent approved by the U.S. FDA
for severe sepsis is recombinant activated protein C, while many other promising
agents have so far failed to improve survival in randomized trials. It is attractive
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to consider the possibility that we will eventually have a wider array of therapies
in our armamentarium to be used in a titrated fashion, tailored to augment an
individual’s response to injury.

Engaging Patients and Families in the Care Process

Intensive care is one of the most technologic and de-humanizing parts of medi-
cine. Patients are frequently incompetent and unable to communicate and often
require considerable pharmacologic and mechanical support; the ICU is often a
harsh environment, with considerable noise and light pollution; and families are
under considerable stress because of uncertainty over the fate of their loved one.
It is essential that we tackle these issues head on. There are several challenges.
For example, we need drugs that control pain and agitation without inducing
coma or delirium. We need to promote better communication skills in ICU staff.
We need better decision support tools that allow patients, families and staff to
better understand prognosis and the change in prognosis associated with alter-
native care strategies. And, we need to find ways to build and run ICUs that are
less harsh, perhaps with open visiting hours, rooms that are more private and
attractive, and life support and monitoring techniques that are less invasive.

Promoting Public Awareness of Intensive Care

Despite the huge impact critical care now has on health, it remains outside the
public consciousness. This is almost certainly an important handicap. Great
advances in medicine have come through better partnering of the healthcare
system with the public and patients. For example, until just a few years ago,
treatment decisions for prostatic hypertrophy were based on measurements of
micturition. However, once a better understanding of patients’ preferences was
elicited, the entire paradigm of care changed such that treatment is now based
primarily on a patient’s choice after weighing the trade-offs of incontinence and
impotence. It is highly likely that a variety of ICU care decisions might be made
differently if we knew more about how to titrate care options to meet a patient’s
or family’s preferences. Of course, this requires a greater understanding by the
general public of intensive care, when it is required, and what it provides. Oth-
erwise, intensive care will continue to be provided to patients often unable to
communicate their preferences and families often unprepared to make carefully
considered decisions. A greater understanding by the public will also help forge
and promote research priorities and standards of care in intensive care.

Conclusion

Intensive care has become an important part of the healthcare system. However,
it is still provided in a very heterogeneous, and likely suboptimal, fashion. Fu-
ture challenges will include providing an adequate workforce, ensuring critical
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care is delivered to the right patients at the right time, converting advances in
our understanding of the biology of critical illness into improved care and out-
comes, and partnering successfully with patients, families, and society in forg-
ing the critical care of the future.
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Expectations Around Intensive Care — 10 Years On

K. Hillman

“What is the future, after all, but a structure of hopes and expectations?
Its residence is in the wind; it has no reality.......
What is marvellous about the present is that we have succeeded.......

J.M. Coetzee, Nobel Prize for literature.

Introduction

The future of the specialty of Intensive Care will be determined as much by the
expectations of society and governments as by the discovery of new drugs and
ventilatory modes. Societal expectations currently are based around rapid ad-
vances in all aspects of medicine, which can alienate dying as a failure to our
management rather than a national and normal part of life. Managing expecta-
tions around what intensive care medicine can realistically offer will increas-
ingly involve our profession instigating and being part of a discourse with gov-
ernments and our society.

Intensive care emerged in the early 1950s and, over a relatively short time, has
developed into a medical and nursing specialty, taking its place among other
specialties in most large and even many smaller hospitals.

The role of intensive care medicine has expanded rapidly, largely as a result
of the changing nature of acute hospitals. Before the 1950s, most acute hospitals
were much the same in what they had to offer. There were no antibiotics; no
chemotherapy; no therapeutic or diagnostic endoscopy; little in the way
of radiography; no nuclear medicine; little cardiac and neurosurgery; few
specialized anesthetic or recovery units to support operative services; and no
means of supporting organ failure such as dialysis and artificial ventilation.

Hospitals were often places where patients were cared for when convalescing
after surgery or being nursed while the disease took its own course, such as with
tuberculosis or other serious infections. While the medical profession may not
have always been completely transparent about what little they had to offer, the
community had few expectations and usually realized the real meaning of the
euphemisms around the disease prognosis and the widespread acceptance of
dying.

The development of intensive care coincided with the need for patients to be
temporarily supported during a life-threatening phase of their illness while the
potentially treatable component was managed with the increasing availability of
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complex procedures and powerful drugs. We became competent at sustaining
life with interventions such as artificial ventilation, dialysis and inotropes,
supported by sophisticated monitoring and expert nursing. These life-sustaining
skills coincided with rapid developments by other medical specialties, which
required temporary support in an intensive care unit (ICU). We no longer had to
actively look for business. Intensive care was an essential adjunct to widespread
advances in complex therapies. We kept the patients alive while they recovered
from their procedures or waited for the effect of the drugs. The level of intensive
care provided in a hospital now determines the role of acute hospitals as much as
the ICU is determined by the function of the acute hospital [1].

Community Expectations

Expectations have developed around the role of intensive care and acute hos-
pitals. The community is constantly deluged with reports of miracles around
what health care can offer. Rarely does a week go by when we do not read or hear
about life-saving drugs and procedures in the lay media. The medical research
industry attracts good minds and seemingly endless funding. Increasing num-
bers of medical journals are published in order to report all these advances. The
result is that patients admitted to hospital now usually expect to be cured in one
way or another; no matter how old or sick they are. The community, govern-
ments, the research industry, the media, and the health care industry itself are
complicit around this image. Aging and dying are no longer naturally accepted
as an inevitable part of life. There is little motivation to challenge this image of
modern health care. Government and funders of health care would be accused
of simply wanting to save money; private industry would not benefit from a more
realistic portrayal of the limitations of health care; and the community wants to
believe that most diseases can now be cured. Finally, it probably enhances the
self-image of the medical profession to be positive about what can be offered,
rather than emphasize its limitations. Moreover, many of our medical colleagues
do not understand the limitations of intensive care. They observe miracle cures
as a result of intensive care when previously patients died. Because of increasing
specialization, our colleagues understand little about what we do and what our
limitations are.

Many of our colleagues have had no training in, or education around,
intensive care medicine and see it as an area where their sickest patients go and
hopefully are returned to their care, cured. We are now faced with the reality
that many patients are now admitted to hospital when they are seriously ill,
whether they have a treatable or curable disease or not. As intensivists we are
pressured to take an increasing proportion of these patients into intensive care.
Approximately 70% of total health care costs in our society are spent during the
last three months of people’s lives.

I would like to think that my specialty will, within 10 years, initiate and
facilitate the community debate which needs to occur around these issues. There
are no easy answers but intensivists are in the unique position to understand
what ICUs can offer but also where their limitations are. The ICU in 10 years will
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also have a more honest and transparent dialog with other hospital specialists
as well as prospective patients and their carers. Their clinical experience backed
up by research will enable them to resist pressures to simply prolong dying. We
will increasingly become the experts on dying and the limits of futile treatment
in acute hospitals. Our specialty will become more actively consulted on these
issues, rather than being simple technicians, indiscriminately applying their
technologies. I can see that the specialty of palliative care will also become more
involved in the dying processes in acute hospitals and we will work more closely
with these specialists to establish guidelines and policies around futile care.

Hospital Safety Expectations

The community is also increasingly expecting a consistent and high standard of
care in acute hospitals. Large studies have demonstrated high levels of prevent-
able hospital deaths [2, 3]. Many of these patients suffer a slow unrecognized
deterioration whilst in hospital [4-6]. At-risk patients are recognized late and
often cared for by medical staff not trained or experienced in acute medicine [7].
Moreover we know that delayed admission to the ICU adversely affects outcome
[8, 9] and that late resuscitation, even if it is aggressive and goal orientated is not
effective [10, 11], whereas early resuscitation of seriously ill patients results in
improved outcomes [12].

Intensive care clinicians are increasingly involved in systems aimed at
improving patient safety outside the walls of their own ICUs [13-15].

Expectations Around the Boundaries of Intensive Care

While we needed the security of the four walls of ICU to nurture our specialty, it
will become increasingly obvious that the geography of an ICU does not deter-
mine the needs of the seriously ill.

Already in many countries there are systems such as the Medical Emergency
Team (MET), developed and run by intensive care clinicians specifically
designed to recognize at-risk patients early and to provide rapid stabilization
and resuscitation. Outreach teams from ICUs provide expert opinion on the
seriously ill as well as educational support [16].

Staff from intensive care are often involved in many other activities in sites
outside their own units [15]. These include acute resuscitation in emergency
departments; being integral members of trauma teams; providing a hospital
central line service; maintaining a parenteral nutrition service; and running
outpatients to follow-up patients who have been managed in ICUs. Obviously
extra funding is necessary to provide such services from the ICU. The ICU in 10
years will increasingly become the center of such activities.

The nature of acute hospitals will also drive many of these changes. The
hospital population will become older with more co-morbidities. Staff from
ICUs in 10 years time will be involved with, and consulted about, how to manage
the seriously ill in acute hospitals. The boundaries of the ICU will become less
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distinct as we consider optimal care regardless of whether the patient is within
the ICU or not. Number of ICU beds will be greater and high dependency units
(HDUs) managed by trained and experienced intensivists will be more numerous.
Patients will be admitted earlier into ICU/HDU in order to stabilize them before
serious cellular damage occurs. Instead of being discharged as soon as they
are extubated, patients will remain in a more appropriate HDU environment
until it is safe to place them in a general ward environment. Expectations of
the community and health care providers for greater safety of at-risk patients in
acute hospitals will drive much of this process.

Expectations around patient safety will change the role of the intensivist. In
10 years time they will have a higher profile as acute care physicians in hospitals.
This trend will increase as a result of increasing specialization by our medical
colleagues, who are often not trained or experienced in acute medicine and yet
are responsible for overall patient care in a hospital population who are not
only increasingly at-risk but also have multiorgan problems. The single organ
specialist will have a more limited role caring for ambulant outpatients rather
than seriously ill patients [1].

The expectations of government and those responsible for health care
provision will reflect the community’s expectations around standards of patient
safety in acute hospitals with increasing pressures for more ICU and HDU beds
and more involvement of intensivists in the seriously ill and at-risk patients
outside the ICU.

There will come a point where intensive and expensive treatment in an ICU
during the last few days of life will be questioned, if only on the basis of cost
and scarcity of resources alone. However, I believe the ICU in 10 years will be
larger; often with HDUs attached. Both will be managed by nurses and doctors
specifically trained in acute medicine within a multiorgan perspective. There
will be a greater number of intensivists and more round the clock presence of
intensive care specialists, both within ICUs and in systems designed to care for
seriously ill patients across the hospital.

Expectations of Intensive Care Nursing Staff

The expectations of intensive care nursing staff may also change within 10 years.
In order to overcome nursing shortage challenges, the role of the specialist nurse
will probably change. They will be performing a greater range of functions with
less direct input from the medical profession, accompanied by less involvement
of junior medical staff apart from their role as trainees. Routine care of the seri-
ously ill will be increasingly evidence based, conducted according to protocols
and performed by nursing staff, e.g., ventilator and dialysis management; fluid
challenges; rates of inotrope support; levels of sedation; stress ulcer prophylaxis;
control of blood sugar; and feeding.

Procedures such as intravenous and intra-arterial cannulization and
performing routine pathology could also be conducted by nursing staff, leaving
the role of intensive care medical specialists to address more complex medical
issues and overall medical management direction.
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Expectations of Intensive Care Medical Staff

Expectations around the long hours on duty and on-call by intensivists may also
change, resulting in a greater number of intensivists to share the workload as
well as a change in their role as outlined above in relation to the change in the
nursing role.

Whether physicians agree or not, they will have greater involvement in how
their ICU is managed and along with a high clinical workload will be expected to
contribute increasingly to the administration of the ICU. The ICU will not only
have more beds in 10 years time, it will have increased support staff and space in
order to manage a complex and high cost environment.

The expectations of medical staff may not necessarily coincide with those of
the community and neither of these expectations may coincide with expectations
of health care funders. The intensivist will play an increasingly important
role in the discourse and debate around resolving the dilemma of higher cost
care with resources that are not infinite. Our specialty could drain a large and
increasing percentage of a country’s gross national product. It would be a brave
politician who will cap our expenditure if it involves the immediate shortening
of someone’s life.

Conclusion

Within 10 years, our ICU will be the source of greater discussions with the com-
munity about limits of therapy and futile care. The intensivist of the future will
be involved with increasing numbers of patients having end-of-life care, even if
it is to arbitrate and consult on the potential benefit of ICU admission. If trends
continue, the standards of excellence we have provided will be demanded by
most people in our society just in case a miracle can be performed and a few
extra days of life extracted. Our units will need to arbitrate community expec-
tations with our own expectations of what we can achieve. The ICU’s role will
increasingly need to encompass the function as acute palliative care physicians
in order to be responsible about how we allocate resources and how we do not be-
come complicit with society’s expectations around what modern medicine can
offer. Perhaps our ICUs will have specialized rooms where dying can occur in a
more dignified fashion; rooms where we can say to carers that there is nothing
more in the way of curative care that we can offer but we can guarantee excellent
care during the dying process.
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The Safety and Quality Agenda
in Critical Care Medicine

T. Dorman

Introduction

Despite data that appear to support that fact that healthcare induces harm
through acts of commission and omission, providers, in general, have been ei-
ther unwilling or unable to admit their role in the observed and unobserved
events that were occurring, even when they happened right in front of them. A
major reason for this indifference seems to be that providers only had two groups
to blame for these events, themselves or the patients. Given that many provid-
ers view themselves as infallible, the events had to be the patients’ fault and, as
such interventions were considered unlikely to be beneficial. In the fast-paced,
high-stress intensive care unit (ICU) environment, the likelihood of events oc-
curring secondary to these acts of commission and omission logically increases
exponentially. Several wake up calls regarding the need to address these acts
and events finally created the right pressures so that safety and quality programs
across healthcare in general and in the ICU in particular have been crafted. The
payors, recognizing the opportunity to control costs entered the arena and are
now promulgating pay for performance programs [1]. As additional forces, such
a horizontal and vertical integration, medical emergency response teams, ge-
nomic and proteomic medicine, and technological solutions affect healthcare
delivery in the ICU alogical question arises. Will there be a need for a safety and
quality agenda in 2015 and if so will it be a focus of our attention?

What is the Safety and Quality Agenda?

Safety is at the forefront of all service driven industries where errors cause harm
to people or where they have the potential to cause harm to people. The method
of championing safety in healthcare has historically used blame as a catalyst for
change. In other industries where great harm is possible, industries like aviation
and nuclear power, the concept of safety is addressed by implementing a no-fault
or limited fault approach [2]. This approach is designed to address systems and
not just people. As a component of their systems approaches, both industries
mentioned also established programs designed to report and learn from errors
and near misses in order to improve safety and prevent harm.
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Systemsapproaches to eventinvestigation arelogical based upon the principles
of safety science. These core principles of safety science include:
We will make mistakes
e We need to create a culture where mistakes are identified
¢ We must focus on systems rather than people
e Leaders control the potential to change systems

“We will make Mistakes”

Since almost all aspects of care to varying degrees are dependent on humans,
events will happen. Seems like an obvious statement given the fact that as hu-
mans we are all fallible. Unfortunately, the clear recognition of this fact is vital
to the safety and quality movement. If we assume humans will get it right all
the time then we do not addresses issues related to the complexity of the task
or process that have clear potential as failure modes. Why address them if they
cannot and will not occur because our human team will never miss anything at
anytime? Our experience in healthcare parallels that in other safety-focus in-
dustries: humans will miss things and systems must be designed with this prin-
ciple in mind. Common system design methodologies that have shown utility
include reducing complexity and independent redundancy. Let us examine each
of these and start with reducing complexity. The likelihood of getting a process
correct without any event can be calculated from the simple mathematical for-
mula of (%") x 100. The % is the percent likelihood of getting each step correct
and the n is the number of independent steps. If we assume that getting each step
correct occurs with a probability of 0.95 and that there are 50 steps in the proc-
ess then we are likely to get it perfectly correct about 0.95°° or 8% of the time. If
we increase our performance at each step to 0.99 then will get it completely right
about 61% of the time. Although I cannot speak for all hospitals and ICUs, at our
institution when we did a flow map of all of the steps from the decision to give
an antibiotic through to its actual administration we found that the process in-
cluded more than 70 steps. Stated otherwise, we had a system designed such that
failure had to happen. The questions was not if but when and to whom? I hope it
is now easy to see how all of our systems need to be reexamined and that we need
to remove complexity wherever possible.

The second attenuation strategy is independent redundancy. The best example
of this comes from the field of anesthesiology. Adequate oxygenation during an
anesthetic is considered so vitally important that numerous redundant steps are
in place to avoid this life-threatening event from occurring. These steps include
identifying all oxygen related tubing, wall plates, etc as the same color, green.
On top of this is a pin index system so that someone should not be able to attach
the oxygen tubing to some other gas source such as nitrous oxide. Unfortunately,
human ingenuity being what it is, industrious individuals figured out how to get
around the pin index system so we added oxygen analyzers to the system. This
addressed the human work around failure mode as well as addressing events
where maintenance workers had inadvertently hooked up the system wrong
inside the walls or at the gas source. Providers under times of duress sometimes
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turned the knobs on the wrong flow meter effectively administering hypoxic gas
mixtures. Consequently, the knobs were reconstructed so that the tactile feel of
the oxygen knob was different than the other gases and in addition a fail safe
mode was created where the flow meters interdigitate in a manner where if the
oxygen is turned down the other gases fall to maintain the same gas ratio. All of
these were not deemed redundant enough so pulse oximetry was the next layer
created. Despite these and additional redundancies not discussed here hypoxic
gas mixtures are still delivered to patients, albeit at a greatly reduced rate. This
demonstrates how starting with the premise that we will make mistakes helps
us focus on both the entire process (the system) and each individual step. It also
demonstrates how despite reducing complexity and adding redundancy we may
still only attenuate episodes of harm but not eliminate them. These redundancies
though do help reduce the rate of administering hypoxic gases by preventing it
completely in some cases whereas in others it is recognized before patient harm
is induced, i.e., the provider intervenes when the oxygen saturation is falling but
before hypoxemia occurs.

“We Need to Create a Culture where Mistakes are Identified”

Medicine has grown as a hierarchical culture. Although this ‘captain of the ship’
approach, on the surface, seems to be required to prevent chaos in decision mak-
ing it has an unintended consequence that sets up the environment for undesir-
able events to occur. Safety science does not argue that having a team leader is
bad, in fact leadership is required for high level team functioning, and no matter
how one looks at it, care is a team process. Safety science studies have shown
that a hierarchical structure can impede information transfer [2]. This is not
an inherent aspect of hierarchies but their implementation in relative autocratic
fashion. Unfortunately, all too commonly the structure is overtly or covertly in-
tended to be autocratic stemming from the belief that without such structure
chaos will ensue in crisis situations. The data, however, seem to show that when
the structure is set up in an autocratic fashion an impediment is created for com-
munication. Consequently, events occur despite someone recognizing that the
system and the patient are on a pathway to harm. The individual who recognizes
the events though feels as though they cannot speak up. They seem to feel this
way for many reasons that include fear of reprisal, the perception that they are
not wanted or expected to speak up, the perception that their opinion is not re-
spected so why bother speaking up, and the perception that the ‘captain’ is infal-
lible so questioning is not necessary and in fact can only be seen as insulting.
Sometimes the reason seems to be as superficial as they do not want to bother the
person above them. These autocratic hierarchical systems are also commonly
endowed with the notion that finding an individual to blame is a useful and
necessary component of repair. This culture of blame only serves to reinforce
the barriers to effective team communication. This effective team communica-
tion is vitally important to the avoidance of events or the attenuation of events.
Programs aimed at full team training have consequently been created and have
been shown in other industries and now within healthcare to enhance perform-
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ance, enhance job satisfaction, enhance employee retention, and to be associated
with fewer errors and events [3]. It appears that a useful member of these teams
includes institutional executives. They not only can better respond to safety
needs in the clinical environment, but they can also bring to bear institutional
resources and by routine participation they demonstrate the institutional com-
mitment to a more open communication structure [4]. We have done an infor-
mal review of all malpractice claims at out institution over a couple year period
and have discovered that in about 80% of the cases someone not only recognized
the events as they were unfolding and may have documented that recognition,
but the ‘message’ never made it to the appropriate individual or commonly the
message was apparently ignored. It should be noted that in some circumstances
it seems that the individuals who recognized the events and were being ignored
were the family and friends.

“We Must Focus on Systems Rather Than People”

This principle serves multiple purposes. It helps insulate those involved in the
event from blame and quite frankly the system is at fault. A useful concept is
that ‘every system is perfectly designed to achieve the results it does’. Read that
sentence again, it is that important. It does not mean that the individual (or in-
dividuals) is absolved of all responsibility. In fact, that assumption is not only
wrong but obviously quite dangerous. People do make mistakes and do need
interventions to improve their performance. Having a process in place so that
education and training occur cyclically is the health system’s responsibility.
Taking responsibility for one’s actions and demonstrating competency is the in-
dividual’s responsibility.

Let us briefly examine a clinical scenario to see how a systems view can
be enlightening. In one of our ICUs a patient, despite being allergic, received
penicillin for clinical features consistent with sepsis. The physician forgot
they were allergic. The nurse had been taught that the earlier antibiotics were
administered the better the outcome and so they borrowed another patient’s
dose. They borrowed the dose because they had learned from experience that
the turn around time for drugs from pharmacy was highly variable. The patient
received the dose and suffered an anaphylactic arrest. In this scenario, the
physician clearly contributed by writing the antibiotic order and not rechecking
for allergies and the nurse also did not check for allergies and used a work-
around, although extremely well intentioned, that eliminated the ability of the
pharmacy to check allergies. The older blame view would then lead to these
individuals being reprimanded, but the system still would contain all of the flaws
that either caused the problem or permitted them to happen without attenuation.
For instance, the unit directors have ensured the staff were educated on the
value of early antibiotics but contributed by not ensuring they had a system in
place to address a practice that everyone knew was a common occurrence (e.g.,
drug borrowing). The hospital contributed as the system of using facsimile to
pharmacy had been a broken system for years and so the staff had built work-
arounds that were well known. The health system contributed by not having
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computer physician order entry in place and during an episode of restructuring
a year earlier the institution had removed the pharmacy “runners” that ensured
more timely delivery of medications to the point of care.
James Reason has taught us that system failures lead to adverse events and that
these system failures typically have three important aspects for consideration:
+ They often arise from managerial and organizational decisions (or lack of
decisions) that shape working conditions.
+ They often result from production pressures.
+ The damaging consequences may not be evident until a “triggering event”
occurs [5].

“Leaders Control the Potential to Change Systems”

Importantly, leaders not only control the financial strings, they control the po-
tential to change systems. Some easy steps include:
e Commit to no harm
- We need to revolutionize how we think about our desired outcomes. At
present we tend to focus on benchmark values of performance. Unfortu-
nately, benchmarks rarely equal best practice, but more typically represent
average practice. Our goal must become zero harm realizing that harm will
occur (we will make mistakes) but that does not mean our goal should not
be a performance level of no harm. Occasionally someone who hears this
will say that that goal is a set up for a culture of failure. Of course, when
asked what they personally expect the goal to be from their care providers
it is not benchmark performance but no harm.
e Encourage open communication
- This means we need to focus on systems not people. When we focus on
people blame rises quickly to the surface. Leaders can partner with staff
to help train and build better teams. Leaders can attend team training,
participate in follow-up rounds on a frequent basis (e.g., executive walk
rounds), and lead by example not fiat. Team training that includes situ-
ational awareness training is required. Training in adequate disclosure is
just being addressed in initial attempts to enhance openness.
o Celebrate safety
- We should identify and celebrate workers when appropriate as heroes. Two
simple old adages apply:
- People who feel good about themselves, produce good results
- Help people reach their full potential, catch them doing something right.

When creating safe systems we all need to remember that we must measure to
improve. Everyone believes they are providing high quality care, but repeatedly
the data show this to be much less true than expected. As part of the measure-
ment approach we must educate all that measurement is for learning and testing,
not for judgment. This is about continuous improvement not blame. Finally, and
maybe the hardest of all is that data do not improve processes, people do. We
need to be willing to manage people or no progress can be made.
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Although much of what I have focused on has been the science of safety,
it is clear that quality is often tightly linked to safe practices. They are not
synonymous and it is possible to improve safety in one area while inducing
harm elsewhere. This is another reason why it is critical that we measure both
outcomes and process measures iteratively.

Why Do We Need a Safety and Quality Agenda Today?

There are many reasons, which range from those tightly coupled to data to the
issue of public trust. In simple terms, our patients are sick enough and at risk
enough that we do not need to induce additional risk needlessly. The Institute of
Medicine has attempted to quantify the amount of induced harm [6]. Many disa-
gree with their calculations, but reports from several countries seemingly vali-
date their numbers. Of even more concern though is that these projects look for
and identify acts of commission (e.g., giving an antibiotic to an allergic patient)
and they make no estimates of the harm induced through acts of omission (e.g.,
failure to administer beta blockers after a myocardial infarction), even though
acts of omission appear to occur almost five time more frequently. The Rand
Corporation has published that physicians are slow to adopt evidence-based
practices (typically takes 7-15 years) and in their last review of care to the elderly
noted that physicians only provide evidence-based therapies about 50% of the
time [7]. Finally, from a published data perspective, it has been stated that on
average, every patient in the ICU suffers on average one event every day.

An eye opening exercise is to sit down with staff and ask how they will harm
the next patient. Every single time we have done this, staff describe a litany of
practices that put patients at risk (and please remember we ourselves are or
will be patients). Given these issues we clearly need a safety and quality agenda
in today’s medicine. Furthermore, over the last decade or so there has been a
slow erosion of public trust in health care. Focusing on safety and quality in
a logical and scientifically sound manner is required in order to rebuild that
public trust.

What Forces are Causing Changes in the ICU in General?

These are so numerous that it is not possible or practical for me to attempt to list
or describe all of them. They include processes that range from the unit struc-
ture, to specific technological aspects of care, through changes in the educa-
tional and research systems. Finally, advances in genomic and proteomics hold
the promise of improving decision-making and thus care, but will need to be
deployed following the principles established within this manuscript.
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Will These Forces and their Outcomes Change the Need for a Safety
and Quality Agenda by 2015?

No!

Healthcare has a centuries old culture of autocracy without communication
that utilizes blame as a primary means to address events. The safety and quality
movement has its roots from years ago, but really has only taken hold in the last
few years and it is unlikely that all cultures will be changed that quickly or that
allharm will be eliminated by 2015. In fact, in US ICUs, 30% or less of the patients
have care delivered by the evidence-based intensivist-directed multiprofessional
team model. When a patient dies in one of the units without the evidence-based
model no physician or administrator explains to the patient’s family that part
of the reason for death was an act of omission, the omission of the presence of
an intensivist. In these centers that lack utilization of the intensivist-directed
model, powerful individual physicians still have the ability to prevent progress
to a scientifically proven safer and higher quality model. The Leapfrog Group
initiated its standard in 2000 and in areas of penetration has seen an increase
in use of the intensivist model from about 17% to close to 30%. At that rate of
growth it is likely to take the full decade to get to full implementation. Our safety
and quality program is growing one state at a time. An example of the steps that
we have found to be useful can be seen in Table 1. We should remember that as
we eliminate certain risks, new ones will rise to the top of the list and will require
attention. More important than any of these issues and numerous others is that
just as physicians are students of medicine for life, we will always have room to
improve.

Conclusion

Patients are being harmed by acts of commission and acts of omission at rates
that are unacceptable. The safety and quality agenda is sorely needed today and

Table 1. Components of the Comprehensive Unit Safety Program (CUSP)

e Cultural survey

e Educate staff on the science of safety
o Identify staff safety concerns

e Executive walk rounds

e Implement improvements

e Document results

e Disseminate results and share stories

e Resurvey staff
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will continue to be needed in 2015. The forces at play in healthcare are unlikely
to diminish the need for the safety and quality agenda to remain a significant
driver. In order to maintain progress we need to: a) create the will to change
at levels of the health care team; b) improve team training in communication,
measurement, and people management; and c) execute the vision of a care sys-
tem dedicated to no harm.
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The Challenge of Emerging Infections
and Progressive Antibiotic Resistance

S. M. Opal

“If we do not change our direction, we are likely to end up
where we are headed”
ancient Chinese proverb

Introduction

Our collective vulnerability to the threat of emerging microbial pathogens re-
mains disturbingly evident as we enter the twenty-first century. Despite two cen-
turies of knowledge about the germ theory of disease, breaking the genetic code,
and sequencing the genomes of virtually every major bacterial and viral patho-
gen capable of causing disease in humankind, we still find ourselves susceptible
to infectious diseases. Densely concentrated cities with interconnected human
societies linked by international aviation put us at continued risk from future
epidemics that will inevitably occur [1]. The ever expanding population growth
of our species will force environmental change as we venture into sparsely in-
habited rainforests, populate remote ecosystems and cultivate natural habitats
to support our voracious human appetite for goods and services. Global warm-
ing, environmental degradation and land development along with human up-
heavals and natural calamities will create new outbreaks with novel pathogens
and renew the spread of ancient scourges like cholera [2] and plague [3].
Numerous examples of intercontinental spread of microbial pathogens within
the last five years alone give notice of the susceptibility of human populations to
emerging infectious diseases (Table 1) [4-20]. This is perhaps best exemplified
by the tragic events set into motion in late 2002 when a previously unidentified,
obscure, animal coronavirus (now known as severe acute respiratory syndrome
[SARS]-CoV) was first introduced into an unsuspecting human population in
Southern China [9]. Current molecular evidence indicates that a food handler
in an exotic food ‘wet market’ in Guangdong Province probably first became
infected by an animal coronavirus from a civet cat. This newly derived animal
virus was adapt at infecting humans and was efficiently spread person-to-per-
son by infected aerosol [10]. An ill Chinese physician from the affected region
traveled to Hong Kong to attend a wedding. While spending a single night in
Amoy Garden Hotel in the city, this infected individual appeared to spread the
virus to at least 12 other hotel guests. Over the next several days these people
returned to their homes in five different countries incubating the SARS-CoV
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pathogen in their respiratory secretions. Over the next 3-4 months, this newly
acquired coronavirus spread to over 27 countries worldwide and caused over
8000 cases of SARS resulting in nearly 800 deaths in early 2003 [9]. Through
a global effort from a large number of very diligent public health officials and
laboratory scientists, the outbreak ended within a year and has yet to be seen
again, except for occasional laboratory-acquired accidents [9].

A diverse array of pathogens has produced recent outbreaks and concerns for
our vulnerability to pathogens within the global village we occupy and share
with other flora, fauna and microorganisms (Table 1). The spread of mosquito-

Table 1. Emerging infectious disease threats in the 21% century

Disease

Causative Organism

Cause and Outcome

Avian influenza [4-7]

Severe acute
respiratory syndrome
(SARS) [8-10]

Monkey pox [11]

West Nile Virus
(WNV) [12,13]

Inhalational anthrax
[14, 15]

Hemorrhagic fever
outbreaks [15, 16]

Antibiotic resistant
bacteria, viruses,
fungi [17-20]

Influenza A (HsN;)

SARS associated coronavirus

Orthopox virus

Mosquito-borne flavivirus

Intentional release of
Bacillus anthracis spores
in USA mail system

Ebola virus - Zaire
(filovirus)

Vancomycin-resistant

S. aureus

Oseltamivir-resistant influenza
Azole-resistant

Candida spp.

Risk of pandemic influenza;
sporadic human cases of
avian flu in Asia -mortality
rates>70%

Risk of spread of zoonotic
viruses; outbreak from a
southern China to world-
wide epidemic in 2003 -
8000 cases and 800 deaths

Risk of exotic pet trade;
outbreak in wild rodents and
humans in Mid-Western USA
from sale of Gambian Giant
rats from Africa

Risk of international spread;
WNYV from Africa to New
York in 1999, thousands of
cases and hundreds of deaths
in North America over

next 5 years

Vulnerability to
bioterrorism; 11 cases,

5 fatalities in Oct-Nov 2001,
perpetrator never identified

Disruption of ecosystems;
repeated outbreaks in Gabon
and Congo rainforests in
2001-2004

Misuse of antimicrobials
promote spread of resistance
genes — community
outbreaks now occur
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borne West Nile virus in North America [12, 13], prion-related food-borne vari-
ant Creutzfeldt-Jakob Disease [21], and hemorrhagic fever viruses [16] are a con-
stant reminder of our susceptibility to pathogens that naturally reside in other
animal species. The omnipresent fear of the next pandemic of influenza has been
heightened by recent evolutionary changes in virulence and transmissibility of
avian flu viruses [22].

Standard chemotherapeutic regimens for infectious diseases may not reliably
rescue persons with severe infections in the new millennium. Community and
nosocomial outbreaks of multidrug resistant pathogens as evidenced by methi-
cillin and vancomycin resistance [17] in Staphylococcus aureus and resistance to
the new anti-viral neuraminidase inhibitors [18, 19] by recent influenza isolates
are cause for real concern. The care of hospitalized, critically ill patients is likely
to fundamentally change if current trends in the progressive emergence of an-
timicrobial resistance to commonly prescribed antibiotics are not significantly
altered in the near future. Regrettably, there is little evidence that the situation
is likely to change unless concerted efforts are taken on several fronts to reverse
the current trajectory of increasing antibiotic resistance [17, 20].

The Genetics of Antibiotic Resistance

The fitness of a microorganism is dependent upon its capacity to genetically
adapt to rapidly changing environmental conditions. Antimicrobial agents exert
strong selective pressures on microbial populations, favoring those organisms
that are capable of resisting them. Genetic variability may occur by a variety
of mechanisms. Point mutations may occur in a nucleotide base pair, which is
referred to as micro-evolutionary change [23]. These mutations may alter the
target site of an antimicrobial agent, altering with its inhibitory capacity.

Point mutations inside or adjacent to the active sites of existing beta-lacta-
mase genes (e.g., genes for TEM-1, SHV-1) have generated a remarkable array of
newly recognized extended-spectrum beta-lactamases [23]. Beta-lactam antibi-
otics have been known for almost 80 years and their widespread use has created
selection pressures on bacterial pathogens to resist their inhibitory actions. At
least 267 different bacterial enzymes have now been characterized that hydro-
lyze beta-lactam antibiotics [24]. The hydrolyzing enzymes exist in four basic
molecular classes and are classified as listed in Table 2. The enzymes are either
serine hydrolases (class A, C, and D) or zinc containing metalloenzymes with a
zinc-binding thiol group its active site (class B enzymes). The microevolutionary
events that account for the differential activities of this array of beta-lactamases
have been carefully studied, and these bacterial enzymes now even have their
own internet website devoted specifically to their molecular properties (http://
www.lahey.org/studies/webt.htm).

Beta-lactamase activity has become so ubiquitous among bacterial popula-
tions that it has prompted the development of specific beta-lactamase inhibitor
compounds (clavulanate, tazobactam and sulbactam) in an effort to combat this
common bacterial resistance mechanism. This has been countered by the gen-
eration of inhibitors of these beta-lactamase inhibitors by multidrug-resistant
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Table 2. The functional classification scheme for beta-lactamases

Group Enzyme Type Clavulanate  Molecular Common Examples
inhibition Class

1 Cephalosporinase  No C Enterobacter cloacae P99

2a Penicillinase Yes A Staphylococcus aureus

2b Broad-spectrum Yes A SHV-1, TEM-1

2be Extended-spectrum Yes A Klebsiella oxytoca K1

2br Inhibitor-resistant ~ Diminished A TEM-30 (IRT-2)

2¢ Carbenicillinase Yes A AER-1, PSE-1, CARB-3

2d Cloxacillinase Yes AorD OXA-1

2e Cephalosporinase  Yes A Proteus vulgaris

2f Carbapenemase Yes A IMI-1, NMC-A, Sme-1

3 Carbapenemase No B Stenotrophomonas maltophilia
metalloenzymes L1, IMP-1

4 Penicillinase No Burkholderia cepacia , SAR-2

(see references [23, 24])

bacteria [23] in the ongoing conflict between pathogens and chemotherapeutic
strategies to eradicate these microorganisms.

Recently it has been demonstrated that at least some bacterial populations
have the capacity to increase their mutation rates during times of environmental
stress such as exposure to an antibiotic. This stress response is known as the
‘SOS’ response or transient hypermutation [25]. It is highly advantageous for
the organism to increase the rate of genetic variation at times of unfavorable
environmental conditions. It is possible for bacteria to upregulate the pace of
evolution in an attempt to develop a clone that can resist the action of an antibi-
otic. The DNA polymerase in such organisms has reduced fidelity of replication
and subsequently an increased rate in the mutational occurrences as a result of
excess nucleotide mispairing. The recombination system of bacteria (the recA
system) becomes less restrictive in the degree homology between DNA sequenc-
es before a crossover event is permitted to occur. A flurry of mutational events
occur in stressed bacteria in a final attempt to generate a resistant subpopulation
of bacteria in the presence of an environmental challenge such as the presence
of a new antibiotic. This process has even been phenotypically linked with al-
terations in growth rate and biofilm formation in some strains of Pseudomonas
aeruginosa [26].

A second level of genomic variability in bacteria is referred to as a macro-evo-
lutionary change and results in whole-scale rearrangements of large segments
of DNA as a single event. Such rearrangements may include inversions, duplica-
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tions, insertions, deletions, or transposition of large sequences of DNA from one
location of a bacterial chromosome or plasmid to another. These whole-scale
rearrangements of large segments of the bacterial genome are frequently created
by specialized genetic elements known as transposons or insertion sequences,
which have the capacity to move independently as a unit from the rest of the
bacterial genome [23].

Acquisition of foreign DNA sequences from the extracellular environment
may be taken up by naturally competent bacteria (e.g., some streptococci and
neisserial organisms) by transformation. These sequences can then become in-
tegrated into the host genome into homologous sequences by the generalized
recombination and DNA repair system bacteria. Inheritance of these foreign
DNA elements further contributes to the organism’s ability to cope with selec-
tion pressures imposed upon them by antimicrobial agents [23].

A third level of genetic variability in bacteria is created by the acquisition
of foreign DNA carried by plasmids and bacteriophages. These extrachromo-
somal DNA elements provide ready access to disposable yet potentially high-
ly advantageous genes including antibiotic resistance genes from plasmids or
phage particles. These elements are autonomously self-replicating, and they can
remain unattached in the cytoplasm of bacterial cells or integrate directly into
the chromosome of the bacterial host. They have the capacity to replicate and
move independently from the chromosome adding further variability to the en-
tire bacterial genomic DNA. Evidence from whole genome sequencing projects
indicates that these genomic rearrangements, bacteriophage sequences and in-
sertion sequences are commonplace in bacterial chromosomes [27].

These genetic variations provide bacteria with the seemingly limitless system
to alter their genomes, rapidly evolve and develop resistance to virtually any
antimicrobial agent. Recent examples of vancomycin-resistance in enterococci
[23], S. aureus [27], and extended spectrum beta-lactamases [23], carbapen-
emase production [28] and transferable quinolone resistance in P. aeruginosa
and enterobacteria [23] attest to the capacity of microorganisms to adapt to en-
vironmental stresses induced by antibiotic exposure. Viruses [19] and fungi [20]
are also quite capable of rapid antimicrobial resistance development and these
resistance capacities pose additional threats in the management of ICU patients
with serious infections from a variety of potential pathogens [29].

The Origins of Antibiotic Resistance Genes and Mechanisms of Resistance

Antibiotic resistance genes probably arose from detoxifying enzymes or synthet-
ic enzymes with altered substrate specificity by critical mutations or recombina-
tion events resulting in the formation of mosaic genes with entirely new func-
tions [30]. Altered penicillin binding proteins that mediate beta-lactam resist-
ance in multiple bacterial genera (e.g., methicillin-resistant S. aureus [MRSA],
penicillin-resistant streptococci and pneumococci, chromosomal resistance in
gonococci) may have evolved from gene fusions for penicillin binding proteins
involved in bacterial cell wall synthesis [23]. Another common resistance strat-
egy is a change in the regulation of metabolic activity of an enzyme system that
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is affected by the antibiotic. Increasing the rate of folate precursor synthesis, for
example, can overcome the inhibitor effects of sulfa drugs and trimethoprim
[30].

Many common antibiotic resistance genes were accidentally acquired (‘sto-
len’) from antibiotic producing bacteria. Streptomyces and related soil bacteria
are the source of many standard antimicrobial agents in use in clinical medicine
today. These bacteria have co-evolved the capacity to synthesize antibiotics along
with the necessary resistance genes to protect their own metabolic machinery
from the very antibiotic they produce. The resistance genes from these antibiotic
producing bacteria provide a ready genetic blueprint to resist the target antibi-
otic if susceptible bacteria can acquire these resistance genes. Recent evidence
confirming that this does indeed occur was found by Yokoyama and colleagues
in Japan during an investigation of a sudden outbreak of P. aeruginosa with
high-level resistance to essentially all the clinically available aminoglycosides
[31]. These investigators discovered that the resistant strain had acquired a new
methylase gene that blocked the binding site for inhibition by aminoglycosides
on a specific sequence on 16S ribosomal RNA. This identical mechanism and
highly homologous gene is found in aminoglycoside-producing strains of Strep-
tomyces and related bacteria.

Detoxifying Enzymes

At least seven distinctive mechanisms of antibiotic resistance have been de-
scribed in bacteria and are summarized on Table 3. Detoxifying enzymes are
used to degrade beta-lactams [24], and modify aminoglycosides so they no long-
er enter bacterial membranes and attach to their ribosomal target. There are
over 30 such enzymes identified that can inhibit aminoglycosides by one of three
general reactions: N-acetylation, O-nucleotidylation, and O-phosphorylation
[23]. Detoxifying enzymes are also one of the resistance mechanisms against
chloramphenicol, and are rarely utilized by certain bacterial strains to inacti-
vate macrolides, lincosamides, tetracyclines and streptogramins.

Decreased Permeability

It was recognized early in the history of antibiotic development that penicillin
is effective against Gram-positive bacteria but not against Gram-negative bac-
teria [23]. This difference in susceptibility to penicillin is due in large part to
the outer membrane, a lipid bilayer that acts as a barrier to the penetration of
antibiotics into the cell. Situated outside the peptidoglycan cell wall of Gram-
negative bacteria, this outer membrane is absent in Gram-positive bacteria. The
outer portion of this lipid bilayer is composed principally of lipopolysaccharide
(LPS) made up of tightly bound hydrocarbon molecules that impede the entry of
hydrophobic antibiotics, such as penicillins or macrolides.

The passage of hydrophilic antibiotics through this outer membrane is facili-
tated by the presence of porins, proteins that are arranged so as to form water-
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Table 3. Mechanisms of antibacterial resistance by major drug class

B-lactam Amino-  Sulfa/ Quino- Macro-  Glyco- TCN
glycoside TMP lone lide peptide
Enzymatic +++ +++ - - + - +
inactivation (Gram-
neg)

Im- + + + + ++ ++ +
permeable (Gram- (Gram- (Gram-  (Gram- (Gram-  (Gram-

neg) neg) neg) neg) neg) neg)
Efflux + + - + ++ - +4++
Altered ++ ++ +++ +++ +++ +++ +
target site
Protected - - - + - - ++
target site
Excess target - - ++ - - + _
Bypass process - - + - - - -

Gram-neg: Gram-negative bacteria; TMP: trimethoprim; TCN: tetracycline; +++: most com-
mon mechanism; ++: common; +: less common, -: not reported (see reference [23])

filled diffusion channels through which antibiotics may traverse [23]. Bacteria
usually produce a large number of porins with differing physiochemical proper-
ties, permeability characteristics and size; approximately 10° porin molecules/
cell for Escherichia coli. Bacteria are able to regulate the relative number of dif-
ferent porins in response to the osmolarity of their microenvironment. In hyper-
osmolar conditions, E. coli represses the synthesis of larger porins (OmpF) while
continuing to express smaller ones (OmpC) [32].

Mutations resulting in the loss of specific porins can occur in clinical iso-
lates and determine increased resistance to beta-lactam antibiotics. Resistance
to aminoglycosides and carbapenems emerging during therapy has also been
associated with a lack of production of outer membrane proteins. In P. aerugi-
nosa, resistance to imipenem appears to be due to an interaction between chro-
mosomal beta-lactamase activity and a loss of a specific entry channel, the D2
porin [33].

The rate of entry of aminoglycoside molecules into bacterial cells is a function
of their binding to a usually non-saturable anionic transporter, whereupon they
retain their positive charge and are subsequently ‘pulled’ across the cytoplas-
mic membrane by the internal negative charge of the cell. This process requires
energy and a threshold level of internal negative charge before significant trans-
port occurs (proton motive force) [34]. These aminoglycoside-resistant isolates
with altered proton motive force may occur during long-term aminoglycoside
therapy. These isolates usually have a ‘small colony’ phenotype due to their re-
duced rate of growth.
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Drug Efflux

Active efflux of antimicrobial agents is increasingly utilized by bacteria and
fungi as a mechanism of antibiotic resistance. Some strains of E. coli, Shigella,
and other enteric organisms express a membrane transporter system that leads
to multidrug resistance by drug efflux [35]. Specific efflux pumps also exist that
promote the egress of single classes of antimicrobial agents. Efflux mechanisms
are the major mechanism of resistance to tetracyclines in Gram-negative bacte-
ria. Some strains of S. pneumoniae, S. pyogenes, S. aureus, and S. epidermidis,
use an active efflux mechanism to resist macrolides, streptogramins, and aza-
lides [23]. This efflux mechanism is mediated by the meF (for macrolide efflux)
genes in streptococci and msr (for macrolide streptogramin resistance) genes in
staphylococci. A similar efflux system, encoded by a gene referred to as mreA
(for macrolide resistance efflux), has been described in group B streptococci.
This mechanism of resistance may be more prevalent in community-acquired
infections than was generally appreciated. Dissemination of these resistance
genes among important bacterial pathogens constitutes a major threat to the
continued usefulness of macrolide antibiotics [36].

Active efflux mechanisms may also contribute to the full expression of beta-
lactam resistance in P. aeruginosa. Multidrug efflux pumps in the inner and
outer membrane of P. aeruginosa may combine with periplasmic beta-lactama-
ses and membrane permeability components for full expression of antibiotic
resistance [37]. Active efflux of fluoroquinolones by specific quinolone pumps
or multidrug transporter pumps has also been detected in enteric bacteria and
staphylococci [23].

Alter Target Sites

Resistance to a wide variety of antimicrobial agents, including tetracyclines,
macrolides, lincosamides, streptogramins and the aminoglycosides, may result
from alteration of ribosomal binding sites. The MLSg-determinant has the genes
that produce enzymes to dimethylate adenine residues on the 23-S ribosomal
RNA of the 50-S subunit of the prokaryotic ribosome, disrupting the binding of
these drugs to the ribosome.

Resistance to aminoglycosides may also be mediated at the ribosomal level.
Mutations of the S12 protein of the 30-S subunit have been shown to interfere
with binding streptomycin to the ribosome. Ribosomal resistance to strepto-
mycin may be a significant cause of streptomycin resistance among enterococ-
cal isolates. Ribosomal resistance to the 2-deoxystreptamine aminoglycosides
(gentamicin, tobramycin, amikacin) appears to be uncommon and may require
multiple mutations in that these aminoglycosides bind at several sites on both
the 30S and 50S subunits of the ribosome [23].

Vancomycin and other glycopeptide antibiotics such as teicoplanin bind to D-
alanine-D-alanine, which is present at the termini of peptidoglycan precursors.
The large glycopeptide molecules prevent the incorporation of the precursors
into the cell wall. Resistance of enterococci to vancomycin has been classified
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as A-G based upon the genotype, type of target site modification and level of
resistance to vancomycin and teicoplanin [38]. Strains of E. faecium and E. fae-
calis with high-level resistance to both vancomycin and teicoplanin have class
A resistance. Class A resistance is mediated by the vanA gene cluster found on
an R plasmid. This protein synthesizes peptidoglycan precursors that have a
depsipeptide terminus (D-alanine-D-lactate) instead of the usual D-alanine-
D-alanine. The modified peptidoglycan binds glycopeptide antibiotics with re-
duced affinity, thus conferring resistance to vancomycin and teicoplanin. The
other classes of vancomycin resistance genes vary in level of resistance, species
distribution and specific cell wall alterations [23, 38].

Vancomycin-intermediate strains of resistant S. aureus (VISA) have been iso-
lated with heterogeneous resistance patterns. VISA strains express unusually
thick peptidoglycan cell walls that are less completely cross-linked together. The
cell wall in some strains of VISA contains non-amidated glutamine precursors
that provide an increased number of false binding sites to vancomycin [39]. The
vancomycin molecules are absorbed to these excess binding sites thereby reduc-
ing vancomycin concentrations at the growth point of peptidoglycan synthesis
along the inner surface of the cell wall. The arrival of high level vancomycin
resistance from vanA expressing S. aureus [17] has created a renewed sense of
urgency in the need to develop novel strategies to combat multi-drug resistant
bacterial pathogens.

Beta-lactam antibiotics inhibit bacteria by binding covalently to penicillin-
binding proteins (PBPs) in the cytoplasmic membrane. These target proteins
catalyze the synthesis of the peptidoglycan that forms the cell wall of bacteria. In
Gram-positive bacteria, resistance to beta-lactam antibiotics may occur by a de-
crease in the affinity of the PBP for the antibiotic or with a change in the amount
of PBP produced by the bacterium [23]. These low affinity binding PBPs may be
inducible where their production is stimulated by exposure of the microorgan-
ism to the beta-lactam drug [40]. The structural gene (mecA) that determines
the low-affinity PBP of MRSA shares extensive sequence homology with a PBP
of E. coli, and the genes that regulate the production of the low-affinity PBP have
considerable sequence homology with the genes that regulate the production of
staphylococcal penicillinase [23].

The PBPs of beta-lactamase-negative penicillin-resistant strains of N. gonor-
rhoeae, N. meningitidis, and Haemophilus influenzae have shown reduced peni-
cillin-binding affinity [41]. Their PBPs appear to be encoded by hybrid genes
containing segments of DNA scavenged from resistant strains of related species,
similar to penicillin-resistant pneumococci [23].

DNA gyrase (also known as bacterial topoisomerase II) is necessary for the
supercoiling of chromosomal DNA in bacteria in order to have efficient cell divi-
sion [23]. Another related enzyme, topoisomerase IV is also required for segre-
gation of bacterial genomes into two daughter cells during cell division. These
enzymes consist of two A subunits encoded by the gyrA gene and two B subunits
encoded by the gyrB gene (or parC and parE for topoisomerase IV. Although
spontaneous mutation ot the A- subunit of the gyrA locus is the most common
cause of resistance to multiple fluoroquinolones in enteric bacteria, B-subunit
alterations may also affect resistance to these drugs.
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DNA gyrase (topoisomerase II) is the primary site of action in Gram-nega-
tive bacteria whereas topoisomerase IV is the principal target of quinolones in
Gram-positive bacteria. Mutations in a variety of chromosomal loci have been
described that resulted in altered DNA gyrases resistant to nalidixic acid and the
newer fluoroquinolones in Enterobacteriaceae and P. aeruginosa. Many of these
mutations involve the substitution of single amino acids at key enzymatic sites
(located between amino acids 67-106 in the gyrase A subunit) that are involved
in the generation of the DNA gyrase-bacterial DNA complex [42].

There are two common genes that mediate resistance to sulfa drugs in a wide
variety of pathogenic bacteria. These are known as sull and sul2. These genes
give rise to altered forms of the target enzyme for sulfonamide, dihydropteroate
synthase (DHPS) [43]. The altered DHPS enzymes mediated by the sulfonamide
resistance genes no longer bind to sulfa yet continue to synthesize dihydropter-
oate from para-aminobenzoic acid substrate.

Trimethoprim is a potent inhibitor of bacterial dihydrofolate reductase
(DHFR). A large number of altered DHFR enzymes with loss of inhibition by
trimethoprim have been described from genes found primarily on R plasmids.
These altered DHFR genes are widespread in Gram-negative bacteria and are
also found in staphylococci (the dfrA gene) [44].

Protection of the Target Site

Tetracycline resistance may be mediated by a mechanism that interferes with the
ability of tetracycline to bind to the ribosome. The ubiquitous tetM resistance
gene and related tetracycline resistance determinants protect the ribosome from
tetracycline action. The tetM gene generates protein with elongation factor-like
activity that may stabilize ribosomal transfer RNA interactions in the presence
of tetracycline molecules [45].

Excess Synthesis of the Inhibited Target

Sulfonamides compete with para-aminobenzoic acid to bind the enzyme dihy-
dropteroate synthase, and thereby block folic acid synthesis necessary for nu-
cleic acid synthesis. Sulfonamide resistance may be mediated in some bacteria
by the over production of the synthetic enzyme dihydropteroate synthase. The
gene responsible for DHPS is felP and strains of bacteria that produce excess
DHPS can overwhelm sulfa inhibition [43]. Trimethoprim resistance may also
occur in a similar fashion, by making excess amounts of dihydrofolate reductase
from the bacterial chromosomal gene folA [44].

Bypass Mechanism of Resistance

An unusual mechanism of resistance to specific antibiotics is by the development
of auxotrophs, which have specific growth factor requirements not seen in wild-
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type strains. These mutants require substrates that normally are synthesized by
the target enzymes, and thus if the substrates are present in the environment,
the organisms are able to grow despite inhibition of the synthetic enzyme by an
antibiotic. Bacteria that lose the enzyme thymidylate synthetase are ‘thymine
dependent’. If they can acquire exogenous supplies of thymidine to synthesize
thymidylate via salvage pathways from the host, they are highly resistant to sulfa
drugs and trimethoprim [23].

The Transmission of Resistance Genes Between Bacterial Species

Once an antibiotic resistance gene evolves, the resistance determinant can dis-
seminate among bacterial populations by transformation, transduction, conju-
gation, or transposition. Favored clones of bacteria then proliferate in the flora of
patients who receive antibiotics. Antibiotic-resistance genes were found among
bacteria even in the pre-antibiotic therapy era [23]. However, selection pressures
placed upon microbial populations by a highly lethal antimicrobial compound
create an environment in which individual clones that resist the antibiotic are
markedly favored. These resistant populations then proliferate and rapidly re-
place other susceptible strains of bacteria. While some antibiotic resistance
genes place a metabolic ‘cost’ on bacteria, many microorganisms have evolved
strategies to limit this cost by limiting expression, alternate gene products or
phase variation. These mechanisms allow favorable but sometimes ‘costly’ genes
that mediate antibiotic resistance to persist in the absence of continued antibi-
otic selection pressure and yet be rapidly expressed upon re-exposure to antibi-
otics [46].

Plasmids

Plasmids are particularly well adapted to serve as agents of genetic evolution and
R-gene dissemination. Plasmids are extrachromosomal genetic elements that are
made of circular double-stranded DNA molecules that range from less than 10 to
greater than 400 kilobase pairs and are extremely common in clinical isolates of
bacterial pathogens. Although multiple copies of a specific plasmid or multiple
different plasmids, or both, may be found in a single bacterial cell, closely related
plasmids often cannot coexist in the same cell. This observation hasled to a clas-
sification scheme of plasmids based upon incompatibility groups [23].

Plasmids may determine a wide range of functions besides antibiotic resist-
ance, including virulence and metabolic capacities. Plasmids are autonomous,
self-replicating genetic elements that possess an origin for replication and genes
that facilitate its stable maintenance in host bacteria. Conjugative plasmids re-
quire additional genes that can initiate self-transfer.

The transfer of plasmid DNA between bacterial species is a complex proc-
ess, and thus conjugative plasmids tend to be larger than non-conjugative ones.
Some small plasmids may be able to utilize the conjugation apparatus of a co-
resident conjugative plasmid. Many plasmid-encoded functions enable bacterial
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strains to persist in the environment by resisting noxious agents, such as heavy
metals. Mercury released from dental fillings may increase the number of an-
tibiotic-resistant bacteria in the oral flora. Hexachlorophene and other topical
bacteriostatic agents in the environment may actually promote plasmid-medi-
ated resistance to these agents and other antimicrobial agents [47].

Transposable Genetic Elements

Transposons are specialized sequences of DNA that are mobile and can trans-
locate as a unit from one area of the bacterial chromosome to another. They
can also move back and forth between the chromosome and plasmid or bacte-
riophage DNA. Transposable genetic elements possess a specialized system of
recombination that is independent of the generalized recombination system that
permits recombination of largely homologous sequences of DNA by crossover
events (the recA system of bacteria). The recA-independent recombination sys-
tem (‘transposase’) of transposable elements usually occurs in a random fashion
between non-homologous DNA sequences and results in whole-scale modifica-
tions of large sequences of DNA as a single event [23].

There are two types of transposable genetic elements, transposons and inser-
tion sequences. These mobile sequences probably play an important physiologic
role in genetic variation and evolution in prokaryotic organisms. Transposons
differ from insertion sequences in that they mediate a recognizable phenotypic
marker such as an antibiotic-resistance trait. Either element can translocate as
an independent unit. Both elements are flanked on either end by short identical
sequences of DNA in reverse order (inverted repeats). These inverted-repeat DNA
termini are essential to the transposition process. Transposons and insertion
sequences must be physically integrated with chromosome, bacteriophage, or
plasmid DNA in order to be replicated and maintained in a bacterial population.
Some transposons have the capability to move from one bacterium to another
without being transferred within a plasmid or bacteriophage. These conjugative
transposons are found primarily in aerobic and anaerobic Gram-positive organ-
isms and can rapidly and efficiently spread antibiotic resistance genes [30, 48].

Transposition, like point mutation, is a continuous and ongoing process in
bacterial populations. Transposons are also essential in the evolution of R plas-
mids that contain multiple antibiotic-resistance determinants [47]. High-level
vancomycin resistance (vanA) in enterococci is mediated by a composite trans-
poson that encodes a series of genes needed to express vancomycin resistance
[38]. Single transposons may encode multiple antibiotic-resistance determinants
within their inverted-repeat termini as well [23].

Genetic exchange of antibiotic-resistance genes occurs between bacteria of
widely disparate species and different genera. Identical aminoglycoside-resist-
ance genes can spread between Gram-negative and Gram-positive bacteria and
between aerobic and anaerobic bacteria [49]. Given the highly variable environ-
mental selection pressures created by a wide variety of antibiotics and the plas-
ticity of bacterial genomes, the ongoing evolution of multi-drug resistant bacte-
rial organisms is probably inevitable [23].
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DNA Integration Elements

The structural genes that mediate antibiotic resistance are often closely linked
and may exist in tandem along the bacterial chromosome or plasmid. Genetic
analysis of sequences of DNA adjacent to resistance genes has identified unique
integration units near promoter sites [50]. These integration regions are known
as integrons, and they function as convenient recombinational ‘hot spots’ for
site-specific recombination events between largely non-homologous sequences
of DNA. The integron provides its own integrase function [94] with a common
attachment and integration site for acquisition of foreign DNA sequences.

Integrons are widespread in bacterial populations and provide a convenient
site for insertion of multiple different resistance genes from foreign DNA sources.
There are four classes of integrons with type I integrons being the most common
in pathogenic microorganisms [23]. Integrons also serve as efficient expression
cassettes for resistance genes. Integrons possess a promoter site in close proxim-
ity to the 5%end of the newly inserted DNA sequence. Numerous clusters of differ-
ent resistance genes have been linked into integrons through specific insertion
sites. Integrons may have as many as five resistance genes linked in sequence and
flanked between specific 59 base-pair spacer units [50, 51]. Integron-mediated
multiple resistance gene cassettes have been flanked by transposons, mobilized
to plasmids, and then transferred between bacterial species by conjugation. By
these systems of genetic exchange, widespread dissemination of multiple antibi-
otic resistance genes is accomplished in a rapid and frighteningly efficient man-
ner [50].

Are We Approaching The End of the Antimicrobial Era?

For some time concerned scientists have been warning about the possibility of
widespread antibiotic resistance leading to the loss of effectiveness of antibiotics
in clinical medicine [49-52]. These warnings have largely been ignored as it was
assumed that this human need and the profit motive of free enterprise would
stimulate pharmaceutical companies to continuously develop new antibiotics. If
we could discover new targets for future antimicrobial drugs it may be possible
to keep pace or even exceed the rate of antibiotic resistance gene development
by microbial pathogens. For a number of disconcerting reasons, humans may be
losing ground rather than gaining on pathogens in the 21°' century.

A recent survey of new pharmaceutical products in 2002 found only five new
antibiotics out of the 506 new molecular entities in the research and develop-
ment pipeline [52]. The pace of new antibiotic discovery is turning into a trickle
and drying up compared to what it was even 20 years ago [53]. The market reality
is regrettably set against the development of new antibiotics in favor of more lu-
crative options with greater market profit from drugs for chronic illnesses with
less risk and longer revenue streams [52-54]. The reimbursement and return on
investments are unfavorable for antibiotics and the market system is not meet-
ing the needs of society with respect to new antibiotic development. Some far
reaching and bold initiatives are desperately needed if a crisis in loss of antibi-
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Table 4. Disincentives for new antibiotic drug development

Disincentives

Possible Solutions

Expense (800 million US dollars/
new molecular entity) forces companies
into broad-spectrum antibiotic market

Specific narrow-spectrum antibiotics
are small markets - ‘niche’ product -
difficult to regain development costs

Restricted use and short duration
of treatment limits profits (antibiotic
treatment is for days-weeks not years)

Antibiotic resistance development
limits lifespan of drug market

Regulatory difficulties with combination
therapies (must test each individual
component first before combination)

Use of 19th century diagnostic methods
(culture and susceptibility tests) to treat
21% century diseases encourages empiric

broad-spectrum antibiotic drug use

Shorten regulatory process; extend patent
life; government protection from liability
claims; speed development with genomics
and high throughput screening process

Not-for-profit drug companies; government
funding of small market-narrow spectrum
drugs; move research and development to
low income status countries

Improve patent position of antibiotics;
extend ‘orphan’ drug status to new
antibiotics

Ban non-medical use of antibiotics;
good antibiotic stewardship

Change regulatory requirements;
not-for-profit companies with multiple
partners; anti-trust law exemptions

Employ real-time PCR, genomics,
proteomics to identify pathogens, and
resistance genes; target and treat specific
infections with narrow spectrum drugs
PCR: polymerase chain reaction

otic effectiveness is to be avoided [52, 53]. The disincentives for new antibiotic
development and some proposed solutions are listed in Table 4.

The Future of Antibiotic Use in Clinical Medicine

Bacterial strains contain complex aggregations of genes that may be linked to-
gether to combat the inhibitory effects of antibiotics. Since prokaryotic organ-
isms all contribute to a common ‘gene pool’, favorable genes mediating antibiotic
resistance may disseminate among bacterial diverse microbial genera and spe-
cies. Increasing evidence of multiple antibiotic resistance mechanisms within
the same bacterium against a single type of antibiotic, and cooperation between
bacterial populations within biofilms attest to the remarkably ingenuity and
flexibility of bacterial populations [23, 29, 30]. Thus the use of one antibiotic
may select for the emergence of resistance to another. Mobile genetic elements
and rapidly evolving integron cassettes with multiple antibiotic resistance genes
endow bacteria with a remarkable capacity to resist antibiotics [50]. Although
the development of antibiotic resistance may be inevitable, the rate at which it
develops can be reduced by the rational use of antibiotics.
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The wider accessibility to molecular techniques and computer technology
to rapidly identify the specific microorganisms, their resistance potential, and
track their spread between patients within the hospital and or the community
will be of considerable benefit in the control of antibiotic resistance. The need to
utilize empiric, broad-spectrum antibiotics for days and even weeks while sam-
ples are being sent for culture and susceptibility testing needs to stop. We need
specific information in real time to assure patients with specific infections are
being treated with effective, narrow-spectrum drugs [23].

The use of antibiotics for non-medical uses should be entirely banned. Up to
50% of antibiotic use today is for non-medical use in agriculture, food prepara-
tion, and other industrial uses [52]. This adds to environmental contamination
with low levels of antibiotics. Sub-inhibitory concentrations of antibiotics foster
the development of resistant clones of bacteria that can cause infections in hu-
mans. The use of non-antibiotic approaches to the management of infectious
diseases needs to be supported and developed. The use of plasma-based anti-
body therapies and anti-bacterial, anti-viral and anti-fungal vaccines should be
encouraged in the future [55-57].

The management of common invasive pathogens such as staphylococcal
infections has become very complicated given the rapid spread of simultane-
ous beta-lactam, aminoglycoside, and quinolone-resistant isolates [58]. Recent
reports of vancomycin-resistant S. aureus in Japan and the United States sug-
gest that common, invasive, microbial pathogens may become refractory to any
chemotherapeutic agent in the future [17, 23, 58].

New drug discoveries have allowed us to be one step ahead of the bacterial
pathogens for the latter half of the twentieth century. It is unlikely we will con-
tinue this record of remarkable success against microbial pathogens in the new
millennium. The rapid evolution of resistance has limited the duration of the ef-
fectiveness of antibiotics against certain pathogens. The best hope for the future
is the continued development of new antibiotic strategies [53]. In order to retain
the antimicrobial activity of existing and new antibiotics, clinicians can assist
through careful antibiotic stewardship and tightened infection control meas-
ures. Antimicrobial agents have had a substantial impact in decreasing human
morbidity and mortality rates and have served us well over the antimicrobial
era. It behooves us to improve our diagnostic and surveillance efforts and to ex-
ercise caution in administering antibiotics if we are to maintain their continued
efficacy.
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Technology Assessment

J. Bakker and P. Verboom

Introduction

Intensive care medicine is the department where life-supporting technologies
bare the promise of survival and restoration of quality of life. As intensive care
medicine uses a disproportional part of hospital budgets (1-10% of the hospital
beds using up to 35% of the hospital budget [1]), efficient use of resources is war-
ranted. Intensive care societies and governments recognize ‘health technology
assessment’ as a process aimed to improve patient care. Many organizations deal
with health technology assessment and have websites that contain abundant in-
formation on all aspects of health technology assessment (Table 1).

Technology in the intensive care unit (ICU) is usually considered to reflect
the many devices commonly present in the vicinity of the critically ill patient.
However, this technology is more than these devices alone, it also includes drugs,
procedures and the organizational and support systems. Therefore, intensive
care medicine itself can be viewed as a technology. Given the limited number of
quality studies showing efficiency of intensive care technology, some even ask
for a rigorous assessment as did McPherson in 2001: “In the end, intensive care

Table 1. Some relevant websites

Canadian Coordinating Office

of Health Technology Assessment www.ccohta.ca
Therapeutics Initiative www.ti.ubc.ca

NHS Health Technology Assessment Program www.hta.nhsweb.nhs.uk
National Institute for Clinical Excellence www.nice.org.uk

Clinical Information Directory: Agency

for Health Care Research and Quality www.ahcpr.gov/clinic
National Board of Health Denmark www.sst.dk

International Network of Agencies for HTA www.inahta.org

Clinical Trials Site www.clinicaltrials.gov
National Research Register www.update-software.com/

national




88  J.Bakkerand P. Verboom

provision at the margin of possible benefit simply has to be assessed by random
allocation like everything else about which there is legitimate doubt” [2].

In this chapter, we will briefly describe the basics of health technology
assessment and its current place in the clinical practice of intensive care medicine
in relation to different technologies frequently used. Finally we will discuss what
place health technology assessment should have in 10 years from now.

Health Technology Assessment: Principles

Health technology assessment has been defined as the careful evaluation of a
medical technology for evidence of its safety, efficacy, feasibility, indications for
use, costs, and cost-effectiveness and its ethical and legal implications, both in
absolute terms and in comparison with other competing technologies [3, 4]. Sev-
eral key features distinguish health technology assessment from health related
research [5]. First, the goal of health technology assessment is to deliver data
that support policy-making. Health technology assessment does not only sup-
port policy-making of governmental bodies or healthcare insurance companies
but also hospital decision-makers and individual health care workers. Second,
health technology assessment typically integrates efforts of multiple disciplines
by synthesizing information, examining databases and by generating primary
data. The audience of a health technology assessment is, unlike the results of
research, usually not limited to other research workers. The results of health
technology assessment should typically be distributed among different bodies to
facilitate decision and policy-making. Health technology assessment therefore
addresses, safety, efficacy, effectiveness and efficiency of technologies used in
patient care.

Safety

Authorities generally regulate the safety of technologies such that the technol-
ogy is manufactured to a standard resulting in electrical safety, compliance to
environmental specifications, etc. However, compliance to these safety stand-
ards does not guarantee that the device will do no harm when used in the treat-
ment of patients. For instance, a diagnostic technology (such as the pulmonary
artery catheter) is safe in itself but can increase both morbidity and mortality
in critically ill patients when complications occur during introduction of the
device or when data delivered by the device are incorrectly interpreted, applied
in therapeutic protocols, etc. Since the recent report of the Institute of Medicine
[6] much attention has been paid to the prevention of medical errors during the
process of care. Although our goal should be perfect safety for our patients, pre-
ventive measures, safety programs, decision support systems, etc., all have their
costs. Initial improvements in safety usually decrease total costs rapidly whereas
costs increase significantly for a marginal increase in benefit when we want to
reach total safety [7]. Patient safety practice has been defined as: “A process or
structure whose application reduces the probability of adverse events resulting
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from exposure to the health care system across a range of diseases and proce-
dures” [8]. Therefore a rigorous assessment of safety programs is appropriate
but hardly present in the literature.

In addition, requests for maximal safety may have side effects in that they
may stall progress [9].

Efficacy versus Effectiveness

Efficacy studies typically address the question of whether the technology can be
of benefit to the patient under ideal circumstances (well controlled study with
clear entry criteria and end-points in well utilized facilities). Effectiveness, on
the other hand is the assessment of the technology in the real world, usually by a
pragmatic approach as to whether the technology does result in clinical benefit
in this situation. This is a relevant distinction as centers participating in large
multicenter studies are usually specialized hospitals able to recruit significant
number of patients with well-equipped departments and adequate intensive care
staffing. These factors all have been found to influence patient outcome [10-14]
and may thus influence effectiveness of these technologies when used in other
hospitals.

Efficiency

Assessment of the efficiency addresses the costs and the consequences of imple-
menting the technology and thus helps to resolve the question of whether the
technology studied should be implemented in clinical practice. The quality of
an economic evaluation depends heavily on the data-quality of the costs meas-
ured or calculated. In Table 2 some definitions used in economic evaluations are
described.

Two methods of cost calculation are frequently used in intensive care medicine.
First, top-down costing is a retrospective method that apportions costs into
different subgroups where the mean cost per patient day is the total costs divided
by the total number of patient days. This rough calculation does not permit
detailed studies in specific patient groups and thus limits its use. However, this
method is useful for a broad-based assessment of different technologies. Second,
the bottom-up costing method summates all the different resources used by
individual patients to build the total costs of patient care. This much more
accurate method is labor intensive and thus requires use of data management
systems for long-term collection of costing data. This method is more suitable to
compare the cost-effectiveness of different technologies especially when detail is
important (e.g., is the use of strict blood glucose control cost-effective in patients
with sepsis).

Although many proxies for cost calculation are used validation of these
proxies is hardly available. On the other hand some measures of outcome have
a direct relationship with costs so that a decrease in intensive care and hospital
stay has been used as a proxy for a decrease in total costs of care [15].
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Table 2. Definitions in costing technology

Direct versus indirect costs Direct costs relate to the health care process (e.g., drugs,
personnel, interventions, disposables, blood and blood
products). Indirect costs are generated outside the health
care process (e.g., loss of production as long as the patient
is unable to work)

Fixed versus variable costs Fixed costs do not change with changes in production over
a short period of time (rent, salaries, lease of equipment).
Variable costs vary with the level of production (e.g., drugs,
fluids, disposables). Total costs refer to the costs of
producing a particular quantity of output and is the
summation of the fixed and variable costs.

Marginal costs Total costs related to a change in production by one unit

Incremental costs Difference in total costs when comparing different
alternatives

Discounting As both costs and benefits are valued differently in the

present time and future time these have to be discounted to
generate long-term costs and benefits.

Different types of economic evaluations are used in health technology
assessment. A cost-minimization analysis studies whether an alternative
technology can replace the current technology but at lower costs. An important
additional analysis in a study like this is the change in risk with the alternative
technology as the analysis implicitly assumes the benefits of both technologies
are equal. A cost benefit analysis takes into account all costs and benefits, both
calculated in equivalent monetary units.

A cost-effectiveness analysis takes into account all costs and benefits but uses
different terms to describe them. Costs are usually expressed in monetary units
whereas the benefits of the technology studied are expressed in non-monetary
outcomes. Preferably, these non-monetary outcomes should be easily comparable
between different technologies. Therefore, the most valid non-monetary outcome
used is the number of life years gained. However, intermediate outcomes can
also be used (decrease in ventilator days). If used these intermediate outcomes
should have a generally accepted relationship to survival. The results of these
analyses are often expressed as a ratio: the number of life years gained per
amount of money. A cost-effective analysis results in an incremental cost-
effectiveness ratio. The difference in costs of the alternatives is then divided by
the difference in effectiveness. An incremental cost effectiveness analysis can
have four possible outcomes as depicted in Figure 1. By running simulations and
defining acceptable thresholds [16] one can support decision-making: should we
use the new technology?

A cost-utility analysis is used when there is no, or only a minor, impact on
survival but a major impact on morbidity or when the technologies studied do
not have equivalent outcomes. The costs are similar to the cost-effective analysis
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Incremental
costs
A
New technology less New technology
effective and more more effective
costly: old technology but more costly
dominates
I _ | Incremental
& = | effect
New technology less New technology more
effective and less effective and less costly:
costly new technology
dominates
A 4

Fig. 1. Possible outcomes of an incremental cost effectiveness analysis of two technologies.

however the outcome measures used attempt to capture intermediate states of
health, morbidity, and quality of life to produce a more complete assessment.
An outcome measure frequently used in this analysis, which combines survival
benefit and quality of life, is the quality adjusted life year (QALY).

Other Measures of Outcome

As mentioned in the previous section an economic outcome measure is fre-
quently used in health technology assessment. However, other outcomes could
help to assess new technologies in intensive care medicine:

- Resource utilization

- Safety

- Mortality

- Clinical comfort

- Accuracy of diagnosis

To value the benefit from an intervention one first needs to define the scope of
the analysis. Introducing a new diagnostic test that helps to exclude the diagnosis
of sepsis could reduce use of antibiotics and decrease the incidence of resistant
bacteria without affecting clinical outcome. This would be of no direct benefit
for our patients in the ICU but would be of great benefit for society, hospital or-
ganization, and even future patients [17]. As clinicians require proof of a mean-
ingful outcome to start using the technology its diffusion into clinical practice is
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not only dependent on the proof of cost-effectiveness. Therefore, the clinicians’
perception of the magnitude and the clinical relevance may limit diffusion of
cost-effective technologies. In addition, the impact of a new technology on local
(ward, hospital) budgets may limit the introduction of a technology proven to
be cost-effective when increased local costs are not substituted. Therefore, the
addition of a budget-impact analysis is important to facilitate local diffusion of
the technology.

Itis even more difficult to define a meaningful clinical outcome in technologies
already in use. Although the removal of this technology from the monitoring/
therapeutic arsenal may reveal its value this method of assessment could be
limited by practical and ethical problems. In addition, removal of an existing
technology may decrease clinical confidence resulting in changes in outcome
not related to the technology itself. For example, in a large study on the value
of pulse oximetry during surgery it was shown that having data on oxygenation
increased the number of interventions and convinced the anesthesiologist that
major life threatening complications were prevented without a significant effect
on morbidity or mortality [18].

Mortality is probably the most used outcome measure in intensive care
medicine studies. Not only because it is a dichotomous outcome that is easy
to count and not subject to much discussion about the distinction, but also
because it is one of the best meaningful outcome measures in a department
with significant baseline mortality. In addition, we should use an outcome
measure that is a genuine result of the technology studied. Thus, when assessing
a monitoring technology, a different outcome measure should be used as the
monitor will trigger a procedure rather than affect outcome by itself. Much of the
discussion on the efficacy of the pulmonary artery catheter is troubled by the use
of inadequate end-points for the technology itself. When using mortality as an
end-point in assessing monitoring technology one should assess the procedure
triggered (treatment protocol) rather than the monitor itself [19].

Funding of Health Technology Assessment

Apart from assessment of drugs, not much is regulated for new or existing tech-
nologies in intensive care medicine when it comes to efficiency and cost-effec-
tiveness. Assessment is mostly funded by industry and the costs of these studies
are passed on to the consumer. However, while the profits in drug technology
may be large, return of investment in device and diagnostic technologies may be
much less. This usually results in less rigorous studies when these technologies
are assessed. Assessment of process technology is even more difficult and usu-
ally only possible with significant government funding [20, 21]. Costs of assess-
ments could be reduced if industry, hospitals and government worked together.
A collaboration like this would also improve agreement on methodologies and
approaches to health technology assessment in intensive care [22]. Many exam-
ples already exist where government and hospitals/clinicians work together to
provide the intensive care community with assessments of different technolo-
gies commonly used in intensive care medicine [23-27].
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Technology Assessment: Current Place in Intensive Care

Intensive care medicine is an environment rich in diagnostic, monitoring, thera-
peutic, life support and informatics technologies. Some technologies even have
combined monitoring, diagnostic and therapeutic effects. Even in relatively sim-
ple cases a vast array of technologies is part of standard treatment. In a straight-
forward case of pneumococcal septic shock more than 40 technologies could be
used (Table 3). From the example given in Table 3 it is clear that many technolo-
gies have not been assessed and probably many will not undergo rigorous health
technology assessment in the future. Nevertheless, many clinicians believe tech-
nologies they use on a regular basis have been shown to be effective by properly
conducted randomized controlled clinical trials when in fact these technologies
have not been properly studied [28]. As mentioned before, clinicians also have
problems correctly addressing the nature of the technology. Diagnostic, moni-
toring and prevention technologies are sometimes seen as being therapeutic

Table 3. Review of technologies used in pneumococcal septic shock

Diagnosis: Pneumonia

Treatment: Infection

Monitoring

History taking

Physical examination
X-ray

Laboratory investigation
Blood culture

Sputum culture

Protected specimen brush

Diagnosis: Shock

Blood pressure

Fluid resuscitation

Measure of adequate fluid
resuscitation

Diagnosis:
Severity of disease
APACHE II-II1
SOFA

Antibiotics

Treatment: Shock

Hemodynamic optimization (ER)
Admission to intensive care
Fluids

Vasoactive agents Steroids

Treatment: Supportive

Mechanical Ventilation
(invasive - noninvasive)

Prone positioning

Renal replacement therapy

Glucose control

Selective decontamination gut

Prophylactic heparin

Enteral feeding

Nursing care

Sedatives-pain medication

Rotation therapy

Continuous subglottic suctioning

Tracheostomy

Weaning

Physiotherapy

Prayers

Pulse oximetry

Capnometry

Temperature

Heart rate - EKG

Blood pressure

Central venous pressure

Pulmonary pressures

Cardiac output

Mixed venous
oxygenation

Pulse pressure variation

Intrathoracic blood
volume

Extravascular lung water

Right ventricular
ejection fraction-
volumes

Echocardiography

Urine output

Skin temperature-color-
perfusion index

Gastric retention

Sedation-pain score

SOFA score

TISS-score

Laboratory

Follow-up cultures

EKG: electrocardiogram; SOFA: sequential organ failure assessment, TISS: therapeutic

intervention scoring system
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technologies [28]. This confusion could lead to incorrect perception of the tech-
nology and its clinical utility and thus result in disuse in clinical practice.

As intensive care medicine originates from major specialties like anesthesiol-
ogy, internal medicine and surgery, utilization drift has been responsible for the
diffusion of many technologies. For instance, mechanical ventilation as applied
in the operating room (10-15 ml/kg tidal volume and zero positive end-expi-
ratory pressure) without apparent harm to patients, was utilized in the ICU in
similar settings. It required years and numerous studies to produce convincing
evidence that these modes of ventilation when applied to ICU patients for longer
periods of time actually increase morbidity and mortality [29, 30].

Currently, many monitoring, diagnostic and information technologies
disseminate into clinical practice before they are sufficiently evaluated.
Especially in Europe, governments rarely require proof of effectiveness let alone
cost-effectiveness for these technologies. The CE-marking required to market
throughout Europe without additional approval of individual countries is a
technical label rather than a functional one. Most importantly, obtaining a CE-
mark does not require the involvement of clinicians at any stage. In the United
States the FDA does require some proof of efficacy of these technologies.

The Future

Health technology assessment is an established field within our health care sys-
tem with solid fundaments in many countries. However, although the main pur-
pose of health technology assessment is to facilitate policymaking and support
decision-making the vast majority of studies performed resulting in explicit
policies has not changed practice. The implementation of guidelines resulting
from assessments is variable [31]. The adoption of guidelines depends on the
level of professional support, an adequate evidence base, the economic effects of
the guidelines, the presence of a guideline implementation system in the organi-
zation and coherence in the group of clinicians. These factors can guide us into
the future of health technology assessment in intensive care medicine, where not
only drugs have to go through rigorous assessment but also other technologies
will be assessed before their introduction in the clinical arena.

Professional Support

Assessment of new or existing technologies should become the joint effort of all
stakeholders. Therefore clinicians and professional societies should be involved
early in the process of assessment and the development of standards. National
societies, government and industry could develop national assessment centers.
This would have several advantages. First, funding of these centers would be a
joint effort and thus less expensive to the individual participants. Second, differ-
ent centers (national and international) could join efforts to assess technologies
in subgroups of ICU patients with a low incidence. Thirdly, the costs of technol-
ogy would ultimately decrease and the time needed to perform an assessment
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could decrease substantially. National societies should promote and diffuse the
results of health technology assessment to their members being aware of its pos-
sible legal implications [32]. In order for health technology assessment to evolve
from simple dissemination to complex interactive communication [5] it is im-
portant that it is implemented into the educational programs of medical stu-
dents and specialists and in the training programs of intensivists.

Adequate Evidence Base

A growing concern is expressed regarding the association between the source
of funding of studies and the conclusions drawn from these studies [33-35].
Performing assessments in a joint structure as described above could overcome
these concerns that may greatly limit the diffusion of new technologies into clin-
ical practice. The process of health technology assessment should be transparent
and clear for those who should use it for policy-making. In many studies in in-
tensive care medicine the costing methodology is highly variable and sometimes
the most important cost components are not reported [36].

In addition, assessment of specific groups of technology (diagnostic,
therapeutic) could follow a standardized framework evaluating how technology
works in the laboratory, its range of uses and diagnostic accuracy, and its
impact on clinicians’ practices and patients’ outcomes [17, 37, 38]. Structured
assessment and reporting of results by national and international assessment
centers could change the mindset of the clinicians to adopt guidance rather than
submit themselves to guidance.

Special attention should be paid to the relevance of different clinical outcome
measures. Traditionally, morbidity and mortality are accepted meaningful
clinical endpoints for the clinician. Both policy-makers and clinicians should
accept quality of life, improvement in physical functioning, and relief of anxiety
and stress etc. as relevant end-points in health technology assessment. As these
endpoints are already accepted clinical goals, incorporating these in health
technology assessment could help clinicians to see themselves as ‘doers’ as well
as ‘users’ of the assessments [39].

Economic Effects

Diffusion of new technologies into clinical practice is dependent on coverage by
government or health insurance companies even if rigorous health technology
assessment has shown cost-effectiveness. As an example, the use of activated
Protein C (Xigris®) is about 8 times higher in Belgium when compared to The
Netherlands. Part of this huge difference can be explained from the coverage
present in Belgium and almost absent in The Netherlands. It is therefore impor-
tant to link coverage to an assessment. In addition this could also strengthen the
available evidence by increasing the pool of participants in a trial and broaden-
ing the venues of care to ensure their application to community-based practice
or to limit their provision to centers of excellence [39].
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In addition, intensive care departments should be proactive in the
assessment of the local implications of implementation. Preferably this should
be a multidisciplinary process where clinicians, managers and hospital
administrators join efforts to value new technologies in a local setting and seek
additional funding to implement them.

Conclusion

Health technology assessment is an important and recognized field of research
in today’s health care system. Health technology assessment should be a con-
tinuing process where re-evaluation of existing technologies is as important as
the first evaluation of a new technology. Intensive care departments of the near
future should be the ‘doers’ and the ‘users’. Organized efforts in which profes-
sional autonomy is respected are likely to have long-term success. Technology
assessment in the intensive care of the near future should not be simply more
research but should be a way of thinking of the ‘new’ intensivists.
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Trends in Pediatric and Neonatal Critical Care
in the Next 10 Years

R. C. Tasker

Introduction

The specialty of pediatric intensive care provides medical treatments for the
most critically ill infants and children, most of whom will be mechanically ven-
tilated. It therefore requires highly trained specialist staff. Fortunately - or un-
fortunately, depending on your perspective - pediatric intensive care is a low
volume, high cost service that cannot be provided in every locality. However, in
the modern world, the ideal is that it should be available to all children who need
it regardless of where they live [1]. The scope of this review will be to set the stage
for 10 years from now - what are the issues in pediatric intensive care, and can
we determine what will be required for infants and children of the future?

An Historical Perspective of Pediatric and Neonatal Critical Care

Intensive care units (ICUs) and critical care medicine were founded on treat-
ments for the severely ill [2]. There is a European history of neonatal care that
dates back to the early 1900s. However, in the modern era of pediatrics, a quan-
tum change to our thinking did not really start until the polio epidemic in Co-
penhagen, 1952. Since then our specialty has been fashioned by three major
forces. First, the disease and predicament that is special to children. Second, the
lessons learned from adult critical care. Third, understanding of how it is pos-
sible to intervene in developmental physiology and biology.

Diseases and Predicaments Special to Children

We are now able to intubate the trachea, and manage the infant and child airway
for prolonged periods with pediatric tubes ranging from 1.5 to 6.0 mm. Out-
side early infancy two conditions have driven the need for such ‘airway care’ in
critically illness: acute epiglottitis caused by Haemophilus influenzae type b and
viral laryngotracheobronchitis, or croup. The development of heat-sensitive,
plastic silicone tubes was a considerable advance on traditional approaches with
either metal tracheostomy tubes or red-rubber orotracheal tubes. It meant that
children could be managed safely with nasotracheal tubes that moulded to the
shape of the airway with body temperature, rather than visa versa. Children did
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not have to receive neuromuscular blockade just because they were intubated,
and, with careful handling, they could even be managed without the need for
sedation.

After we had learnt these important lessons, we then discovered in the 1990s
the influence on critical illness of good general pediatric health care. In my
lifetime, acute epiglottitis has, in the main, disappeared from pediatric intensive
care practice and that is because of the power of universal, infant primary
immunization at 2-, 3- and 4-months of age [3, 4]. To a lesser extent, but equally
dramatic, croup necessitating endotracheal intubation has also decreased. In
this instance, it has been as a result of family doctors and general pediatricians
treating croup early with short courses of steroids [5, 6].

Wehavealso developed child-specificstrategies for those needing neurological
intensive care. This expertise was gained from the experience in the 1970s to 1990s
of Reye’s syndrome and post-resuscitation hypoxic-ischemic encephalopathy.
Reye’s syndrome came and went, but the condition did introduce pediatric
critical care specialists to the complexities of neurological critical care [7],
which has now had a beneficial knock-on effect on how we care for the severely
head-injured [8]. At the time there was much debate about whether Reye’s
syndrome was related to influenza, occult or subacute forms of medium-chain
acyl-CoA dehydrogenase deficiency, aspirin, or some combined interaction of
all three factors. Interestingly, the greatest impact on pediatric intensive care
was produced by a single public health intervention: the recommendation
that aspirin should be avoided in children under 12-, and now more recently
16-years of age, resulted in disappearance of the condition. Post-resuscitation
care of near-drowning victims introduced us to critical care neuroprotection.
Although, in common with the adult experience, no effective drug therapies
have been forthcoming in children [9, 10], it does seems likely that hypothermia
may be of benefit in the post-asphyxiated newborn.

Last, we can now support even the most extremely preterm infant. The progress
made from the 1940s through to the late 1990s was not without incident. We
discovered the toxicity of oxygen and the now more recent problem of intensive
care technology that can temporarily extend life beyond the extra-uterine limit
of viability [11, 12]. That said, there have been positive impacts for our specialty:
the knowledge of basic vegetative functions during development and the ability
to manage homeostasis of patients as small as 300 g.

Lessons Learned from Adult Critical Care

The ‘adult’ approach to sepsis and shock came to fruition in pediatric intensive
care, in the UK, during the meningococcal outbreak of the 1990s. A reduction in
case fatality rate from meningococcal septicemia was associated with improved
emergency health care, starting with early volume resuscitation and cardiores-
piratory support [13, 14]. However, like our experience with Haemophilus influ-
enzae type b, the major impact on pediatric intensive care has come with a pub-
lic health initiative - meningococcal vaccine to all children and young people
[15]. Like acute epiglotittis, the shocked patient with purpura fulminans is now a
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medical curio from the past. Other examples of cross-fertilization between adult
and pediatric critical care include ventilatory treatment of acute lung injury and
acute hypoxemic respiratory failure [16], and extracorporeal support for refrac-
tory cardiorespiratory failure [17, 18].

Treatments that Intervene in Developmental Physiology and Biology

In the 1970s, Flavio Coceani and Peter Olley discovered the role of prostaglan-
din E in the postnatal adaptation of the ductus arteriosus from a fetal- to an
air-breathing circulation [19], and applied that knowledge clinically [20]. In so
doing, they provided a new emergency therapy for certain cyanotic congenital
malformations, and transformed the nature of infant cardiac surgery. No sin-
gle intensive care therapy has had such an impact. A more modern example
- although yet to stand the test of time - is, perhaps, the recent report of suc-
cessful gene therapy for x-linked severe combined immunodeficiency [21]. This
developmentally-directed therapy might prove to be a more effective strategy
for restoring functional cellular and humoral immunity than conventional bone
marrow transplantation, which as many intensivists know has a notorious track
record in pediatric intensive care [22].

Takingall of these examples together - childhood infection, cross-fertilization
from adult critical care medicine, and developmental biology - we can generate
at least three hypotheses about the likely pattern of pediatric intensive care
in 10 years time. First, in regard to infectious disease, we should expect that
community-acquired infection would have a less prominent role with the
development of new and wider ranging vaccines. Second, in regard to the
broader field of critical care medicine, we should consider it likely that there will
be greater convergence between adult, pediatric, and neonatal specialists in the
practice of life-support and reanimation. Third, in regard to new intensive care
therapies, we should be prepared for the most significant ‘critical care’ research
to originate from outside our field and be later translated into new therapies.

Key Issues in the Delivery of Pediatric Intensive Care

If the above three predictions are in some way correct, then what will be the
trend in pediatric and neonatal critical care 10 years from now? In order to an-
swer this question we should consider the key issues in the delivery of pediatric
intensive care in 2005. These are, the need for regionalization and the organiza-
tional consequences that follow, and the pattern of childhood critical illness.

Regionalization of Pediatric Intensive Care
In 1997, the UK Department of Health set about reviewing the national con-

figuration of pediatric intensive care [1]. A multidisciplinary coordinating
group was instrumental in shaping the future of the national service. Four types
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of hospital were defined and considered integral to meeting the profile of de-

mand:

- District General hospitals (DGH) that admit children and are able to initiate
pediatric intensive care;

- Lead Center hospitals that provide most of the pediatric intensive care that is
needed in the area, as well as support the whole service for the area through
the provision of advice and training;

- Major Acute General hospitals with large adult ICUs which already provide a
considerable amount of pediatric intensive care in the older child; and

- Specialist hospitals that provide some pediatric intensive care in support for
a defined specialty, e.g., cardiac, neurosurgical, and burns units.

Let us consider the child with severe head injury and acute subdural hematoma
in order to illustrate the organizational operation of such a service. The annual
incidence of head injury is between 100 and 300 per 100,000 population. It follows,
therefore, that a population-based regionalization of pediatric neurosurgical
and neurointensive care services is necessary because of the numbers of patients
needed for a viable and sustainable clinical practice [1, 23]. However, one
consequence of centralization for mixed suburban and rural regions, as opposed
to those encompassing conurbations or metropolitan counties, is that the
provision of an emergency practice has to contend with the problem of patient
access, particularly if timeliness - surgical evacuation within 4 hours of injury
- isakey requirement. In the UK region of East Anglia (a mixed urban and rural
area) this time constraint for stabilization and transfer of the severely ill head-
injured child translates into an operational range limited to DGH referrals up to
~45 minutes road distance from the lead center hospital [24].

If we consider the wider context of illness in children other requirements and
patterns emerge. In the London Thames region of the UK the pediatric population
is just above 3.1 million. In 1997, all children living in this area who met specific
criteria for critical illness were included in a population-based audit [25, 26]. We
found that there were over 6000 episodes of critical illness. Two-thirds of these
episodes were managed on pediatric intensive care or cardiac units, and two-
thirds of the patients were intubated. Throughout childhood the incidence of
critical illness was 1.8/1000 pediatric population per year. The highest incidence,
13.6/1000/yr, was present in children under the age of 12 months.

Based on this analysis, the initial conclusions we can make about the current
delivery of pediatric intensive care are as follows. First, given a relationship
between volume and performance (i.e., higher equating with better) [27], then
pediatric intensive care should be part of a population-based network. Second,
an efficient national regional service necessitates adequate infrastructure to
expedite equitable patientaccess [28]. Third, pediatricintensive care practitioners
require significant training and expertise in the under 1-year-olds.
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The Pattern of Childhood Critical Iliness

The Paediatric Intensive Care Audit Network (PICANet) is a collaborative na-
tional (England and Wales) project funded by the UK Department of Health and
by the Health Commission of Wales [29]. Its purpose is to audit pediatric in-
tensive care activity and provide information on effective delivery of pediatric
intensive care. For the one-year, March 2003 to February 2004, data are avail-
able from all 29 designated pediatric intensive care units (PICUs). In over 14,000
admissions, one-third was for support and monitoring following surgery. Half
the admissions were unplanned emergencies, and of these 47% (3,092 children)
came from a DGH or other acute facility, i.e., they needed interhospital transfer.
The primary diagnostic groups, by age, are shown in Table 1. It is evident that
pediatric intensive care is predominantly a specialty of surgery and cardiores-
piratory illness in the under 5 year olds. If we go on to consider just those with a
medical cause of acute respiratory failure, then the major etiologies are primary
respiratory illness (52%), central nervous system insult (34%), and systemic dis-
ease such as sepsis (14%) [30]. Of those with a primary respiratory problem the
major diagnoses include pneumonia in the immunodeficient and oncologic cas-
es (25%), other forms of pneumonia (17%), acute bronchiolitis — usually due to
respiratory syncytial virus (RSV) - 17%, and upper airway obstruction (17%).
Therefore,thenextimportantconclusionsaboutthe current patternof pediatric
critical illness are as follows. First, pediatric intensive care has a significant
function for children requiring complex surgery. Second, cardiorespiratory

Table 1. 2004 pediatric intensive care admissions in England and Wales by primary diagnostic
group and age [29].

Diagnosis Age (years) Total (%)
<1 1to4 5to0 10 11to 15

Cardiac 2510 928 516 378 31.4%
Respiratory 1986 840 371 229 24.8%
Neurological 460 675 457 342 14.0%
GI 545 145 79 91 6.2%
Infection 232 237 96 80 4.7%
MS 50 96 134 258 3.9%
Oncology 53 147 113 108 3.0%
Other 721 388 239 301 11.9%
Total (n) 6557 3456 2005 1787 13805
Total (%) 47.5% 25% 14.5% 12.9%

GI: gastrointestinal; MS: musculoskeletal.
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failure in the under 5-year-olds appears to be the sine qua non of those needing
pediatric intensive care. Third, out of the various illnesses producing respiratory
failure, major infectious ‘burdens’ in pediatric intensive care are pneumonia in
the immunodeficient, and acute bronchiolitis due to RSV.

Determining What will be Required for Infants and Children

Predicting the pediatric intensive care requirements for a future generation of
specialists has risks. We may get everything horribly wrong. The only advantage
is that many of the decision makers will no longer have any professional involve-
ment in pediatric intensive care, and so be oblivious to the consequences of their
(our) actions.

A Salutary Lesson of Mis-planning

In the early 1980s, the national hospital for children in the UK planned a 30-bed-
ded unit for general pediatric intensive care. Health care planners had predicted
that by the late 1990s the major problems necessitating intensive care in a na-
tional facility would be complex surgery, acquired immunodeficiency syndrome
(AIDS), organ transplantation, and infection with multiresistant organisms.
Half the bed-spaces were therefore planned as cubicles and many were built with
barrier-isolation units. The new facility was opened in the mid-1990s. Within
months it became obvious that the design was unworkable. The patients that
were predicted to come never materialized. Sure, there were some cases with
AIDS, multiresistant organisms, etc., but the major requirement for pediatric
intensive care was for fast-track surgery. We quickly learnt that a cubicalized
unit was not conducive to such management. The project over the next two years
was therefore reconfiguring the space so that most of the cubicles could be dis-
mantled - in effect redesigning an ‘open’ surgical unit.

Working With Children, 2004-2005

What are the current facts, figures and information about child health? Thurs-
day December 30, 2004, Kofi Annan, the United Nations Secretary-General said
of the Indian Ocean Tsunami “This is an unprecedented global catastrophe and
it requires an unprecedented global response. Over the last few days it has regis-
tered deeply in the conscience of the World” [31]. The most pressing fact in 2005
worldwide child health is that child deaths from disaster, famine and infection
remain considerable. We live in a complex world. At extremes we have countries
with easy access to all potential resources and technologies, and those who have
nothing. There are countries where basic food, water, immunization, and medi-
cal care are limited. Yet we have nation groups who are affluent, who have access
to all modern resources and expect their children to have the full advantages of
pediatric intensive care. How will a humane culture reconcile the inequalities?
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By way of illustration of these inequalities between, and within nations, let
us briefly consider death rates among under 5 year-old children. In September
2000, the United Nations set several millennium development goals, one of
which was to reduce the 1990 death rates among the under 5 year-olds by two-
thirds by 2015 - a fall from 93 to 31 in every 1000. Ninety countries are expected
to meet this target, 53 of which are developing nations [32]. And, according to
the UNICEF report Progress for Children, 98 countries are still falling far short
of the 4.4% annual progress needed [33]. Table 2 shows mortality rates in under
5 year-old children for different regions in the world. In addition, summary
data from individual member countries of the World Federation of Societies of
Intensive and Critical Care Medicine (WESICCM) are also included. In 2002, five
of these countries had under 5 year-old mortality rate greater than 31 in every
1000 children: what is the answer - ventilators or vitamins? At the other end of
the spectrum, all of the industrialized countries had a mortality rate below 10 in
every 1000 children: is the answer really more ventilators?

If you were to walk around my unit on a typical winter’s day you would find:
a previously well 14-month-old child with pneumonia complicating influenza
(current ventilated length of stay [vLOS] 5 days); an infant with RSV infection,
and underlying pulmonary hypertension and trisomy 21 (current vLOS 15
days); another infant with RSV infection, and underlying ventricular septal
defect (current vLOS 14 days); a 3-year-old child with an acute upper respiratory
tract infection complicating an underlying airway anomoly (current vLOS 8
days); a 5-year-old child with chicken pox pneumonia and underlying severe
cerebral palsy(current vLOS 12 days); and, a formerly preterm, 15-month-old
child with post-hemorrhagic hydrocephalus and gross developmental delay who
has recently undergone a twentieth cerebral-ventriculo-peritoneal (VP) shunt
revision; etc. After a clinical round such as this example, you would be correct
in wondering whether, with improvement in basic health, housing, nutrition and
immunization, fewer and fewer individuals are consuming more and more of
the pediatric intensive care resource. For example, long-stay pediatric intensive
care patients (with length of stay > 12 days) account for 4.7% of the pediatric
intensive care population, but use 36.1% of the days of care; they have less
favorable outcomes, use more resources, and are more likely to require chronic
care devices [34]. It also appears that in the developed world there is a recent
trend for units to be occupied by more of such children [35]. If we look to the
future then, we must ask ourselves “What form of pediatric intensive care will
have the greatest effect on the largest number of children - where, when, how,
why and to whom?”

Trends in Pediatric and Neonatal Critical Care

In this context, then, what are the likely trends over the next ten years? In re-
gard to neonatal critical care, the rate of prematurity - year on year - remains
unchanged at around 7%. There is no indication that numbers are diminishing
so unless there are major developments in public health and obstetrics, such
practice will continue in a manner similar to the present time [36]. We also know
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Table 2. UNICEF under 5 year-old mortality figures (rates per 1000 children) [33]. The prog-
ress in reduction is measured as the average annual reduction rate. To achieve a two-thirds
reduction between 1990 and 2015 requires a progress rate of 4.4% or higher.

Under 5 mortality rate Progress in reduction
Region 1990 2002 2015 1990-2002 2002-2015
Target Observed Required
CEE/CIS, Baltic states 48 41 18 1.3 7.2
Latvia 20 21 7 -0.4 8.8
Romania 32 21 11 3.5 5.2
Macedonia 41 26 14 3.8 4.9
East Asia, Pacific 58 43 19 2.5 6.2
China 49 39 16 1.9 6.7
Indonesia 91 45 30 5.9 3.0
Singapore 8 4 3 5.8 3.0
Malaysia 21 8 7 8.0 1.0
Latin America, Caribbean 54 34 27 3.9 4.9
Venezuela 27 22 9 1.7 6.9
Panama 34 25 11 2.6 6.1
Argentina 28 19 9 3.2 5.5
Chile 19 12 6 3.8 5.0
Columbia 36 23 12 3.7 5.0
Mexico 46 29 15 3.8 4.9
Uruguay 24 15 8 3.9 4.8
Brazil 60 36 20 4.3 4.5
Ecuador 57 29 19 5.6 3.3
Middle East, North Africa 81 58 27 2.8 5.9
*Saudi Arabia 44 28 15 3.8 5.0
*United Arab Emirates 14 9 5 3.7 5.0
*Kuwait 16 10 5 3.9 4.9
South Asia 128 97 43 2.3 6.3
Pakistan 130 107 43 1.6 7.0
India 123 93 41 2.3 6.3
Sub-Saharan Africa 180 174 60 0.3 8.2
*South Africa 60 65 20 -0.7 9.1
Industrialized countries 10 7 3 3.0 5.8
Japan 6 5 2 1.5 7.0
United States 10 8 3 1.9 6.8
Canada 9 7 3 2.1 6.5
Switzerland 8 6 3 2.4 6.1
Finland 7 5 2 2.8 6.0
United Kingdom 10 7 3 3.0 5.8
Belgium 9 6 3 3.4 5.3
France 9 6 3 34 5.3
Ireland 9 6 3 3.4 5.3
Spain 9 6 3 3.4 5.3
Netherlands 8 5 3 3.9 4.7
Australia 10 6 3 4.3 4.6
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Table 2. Continued

Under 5 mortality rate Progress in reduction

Region 1990 2002 2015 1990-2002 2002-2015

Target Observed Required
Italy 10 6 3 4.3 4.6
Slovakia 15 9 5 4.3 4.5
Hungary 16 9 5 4.8 4.1
Austria 9 5 3 4.9 3.9
Germany 9 5 3 4.9 3.9
Slovenia 9 5 3 4.9 3.9
Israel 12 6 4 5.8 3.1
Sweden 6 3 2 5.8 3.1
Czech Republic 11 5 4 6.6 2.3
Norway 9 4 3 6.8 2.2
Portugal 15 6 5 8.6 0.5

Ve

Countries marked with are those with pediatric intensive care units, but not members of
the World Federation of Societies of Intensive and Critical Care Medicine.

that, in the developed world, formerly premature children are readmitted to the
ICU more often during the same hospitalization, use more chronic technologies
(e.g., ventilators, gastrostomy tubes, tracheostomy tubes, and parenteral nutri-
tion), and have longer vLOS days [37]. Since we can expect continued improve-
ments in neonatal care it is therefore likely that these individuals will have a
significant impact on pediatric intensive care practice.

Whatare the other child health trends outside the perinatal period? In England
and Wales the child population under 15-years-old is just over 11 million [36]. In
2002, there were 3,168 infant deaths under the age of 1-year [38] - equivalent to ~
5.3/1000 live births. There were 187 sudden infant deaths (0.31/1000 live births),
with the highest frequency in babies of mothers aged under 20-years at the time
of birth - 0.97/1000 live births. In children aged 1- to 14-years there were 1,420
deaths - equivalent to 15/100,000 children. (The rate in 1- to 4-year olds is higher
at 24/100,000). Table 3 summarizes the main causes of child mortality for 1998
to 2000 in children aged 1- to 15-years. Across the pediatric age-range cancer,
accidents, and poisoning are the main causes of death. Of the cancers, leukemia
is the most common in children.

If we think of the future, accidents and poisoning should be preventable with
health education. In regard to accidents, just consider the following fact: a recent
school survey of 10- to 15-year-olds in the UK identified that, during the previous
year, around 40% of males had an accident that needed treatment by a doctor or
at hospital [38]. The answer to this problem is not better or more health care!

Next, what are the chronic health conditions that might impact on pediatric
intensive care? There are three major conditions that effect children - asthma,
cerebral palsy,and diabetes. Up to 18% of 10-to 15-year-oldsreporthavingasthma
[38]. However, with good primary medical care the need for pediatric intensive
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Table 3. Main causes of child mortality 1998-2000 in England and Wales [35]

Causes 1to 4 years 5to 15 years
Male Female Male Female
Infections 10% 9% 4% 6%
Cancers 15% 13% 24% 23%
CNS+S 13% 13% 15% 16%
Circulation 6% 8% 5% 5%
Respiratory 11% 9% 6% 8%
Congenital 13% 16% 6% 8%
Accident 16% 15% 27% 17%
Other 17% 16% 13% 16%
Total (n) 1,153 855 1,773 1,239

CNS+S: central nervous system and sense organs.

care should be avoided. In regard to cerebral palsy, 1 in every 400 babies born in
the UK has cerebral palsy, i.e., 1,800 children every year. In total, in England and
Wales (1998) there were 393,824 children under 16-years with disabilities (55,200
aged < 5-years). More than 100,000 were considered severely disabled and had
at least two different sorts of significant impairment. These children require
surgery (e.g., scoliosis, adductor tenotomy, Nissen’s fundoplication, feeding
gastrostomy, and VP shunt) and, because of their underlying condition, post-
operative pediatric intensive care. Last, in the UK, there are 20,000 children with
insulin-dependent diabetes mellitus. This condition is increasing in the northern
hemisphere but in common with asthma, early diagnosis, and good primary and
secondary medical care should avoid the need for pediatric intensive care.

In addition to these three conditions a new, acquired, life-impairing condition
is emerging such that, if current trends continue, there will be an epidemic in
2015. In 2001 8.5% of 6-year-olds, and 15% of 15-year-olds met the criterion
for obesity (body mass index > 30 kg/m?). We are just beginning to see the
ramifications of this epidemicin pediatricintensive care. For example,last month
Ilooked after a 90 kg 12-year-old girl with cellulitis complicating intertrigo, and
profound (and chronic) obstructive sleep apnea that came to medical attention
only after hospital admission. This is new territory for pediatric intensive care
- what maintenance fluids would you prescribe for a 90 kg 12-year-old, where the
normal body weight should be half this amount?

In summary, the current trend in pediatric intensive care casemix suggests
a future core practice devoted less to infectious disease. We will have to cope
with seasonal variation and unexpected eventualities. But, by 2015 we would
hope that vaccines for RSV infection in the under l-year-olds should make
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this condition a thing of the past. Rather, core pediatric intensive care activity
is increasingly committed to the current major killers and causes of chronic
childhood disease. So in 10 years time this may mean a practice concentrated on
support for oncology, accident, and surgical services, in their care of infants and
children with underlying disease, susceptibility, and disability.

Conclusion

The history and current state of pediatric intensive care suggest that the trend

in pediatric and neonatal critical care in 2015 will have the following core fea-

tures.

1. A population-based network that includes adequate infrastructure to expe-
dite patient access.

2. A workforce that has undergone significant training and expertise in the un-
der 1-year-olds.

3. A caseload that is centered on children requiring oncologic, surgical and ac-
cident treatments.

4. A practice that, like the present, will contend with the extremes of life but
from a new perspective. Late sequelae of extreme prematurity and obesity.
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The Patient Process as the Basis
for the Design of an ICU

B. Regli and J. Takala

Introduction

What role does design play in the adult critical care environment? In the early
1990s, the Society of Critical Care Medicine (SCCM), the American Association
of Critical Care Nurses (AACN), and the American Institute of Architects/Com-
mittee on Architecture for Healthcare (AIA/CAH) co-sponsored an Intensive
Care Unit (ICU) design competition to focus awareness on the role of the critical
care unit environment in promoting healing of the critically ill. The Swedish
Medical Center of Englewood, Colorado, was honored with the first ICU Design
Citation among 66 participants in 1992. Lessons learned in the process of con-
ducting the competition were published by the SCCM in 1996, in a book titled
Critical Care Unit Design and Furnishing [1]. Around the same time, the major
American and European intensive care societies published statements concern-
ing minimal requirements and optimal design [2-3].

Neither the SCCM nor the European Society of Intensive Care Medicine
(ESICM) has published updated guidelines in the past decade. What has hap-
pened in the field of intensive care design in the meantime? What should we
consider when designing the ICUs where we will treat our patients in the decades
to come?

There is not exactly an abundance of recent technical literature on the topic
of ICU design. Koay and Fock published “Planning and design of a surgical in-
tensive care unit in a new regional hospital” in 1998 [4], and Hamilton published
“Design for flexibility in critical care” in 1999 [5]. There were articles presenting
the nursing perspective [6, 7] and investigating the effect of design on infec-
tion control [8-10]. More recently, the AIA published “Guidelines for Design and
Construction of Hospital and Healthcare Facilities” [11]. A revised version of
those guidelines is due out in 2006.

But the limited guidelines that exist for hospital construction and design are
unlikely to address the changes that are sure to take place in healthcare delivery
in years to come. While ICUs will certainly continue to exist over the next dec-
ades, the general hospital context around them will change substantially.

The importance of outpatient care will increase, and inpatient sectors will
change from units with regular beds to step-down units, also referred to as in-
termediate care facilities. Progress in hospital construction will allow a more
flexible ICU area. Flexibility will be an important principle, not only with regard
to construction but even more so with respect to the mode of operation. Two
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critical resource factors - money and the availability of skilled personnel - will
shape this operating mode.

There is no single approach to the task of designing the ICU of the future: the
solutions depend on many factors within the hospital, in healthcare in general,
as well as in society as a whole. Here, we look at how you can design your ICU
using the different core processes of the ICU and the hospital, most importantly
the patient care process, as the basis. We present our vision - one vision - of the
ICU 10 years from now.

Basics/Approach

While the prerequisites for acute care of critically ill patients may seem rather

obvious, ICU design is influenced by many factors that are not directly related

to patient care within the ICU or even within the hospital. In order to assess the

design features that are optimal for a specific ICU, it is useful to consider sepa-

rately:

1) the environmental conditions outside the hospital that are likely to influence
the ICU;

2) the environmental conditions within the hospital that are likely to influence
the ICU;

3) the core processes within the ICU itself; and

4) the main support processes influencing the ICU.

Under what External Environmental Conditions does
the Hospital operate?

¢ How many people live in the catchment area of the hospital, and how many
ICU patients is it likely to produce? In order to assess the number of potential
ICU patients, it is useful to separately assess the number of emergency pati-
ents (primarily dependent on the characteristics of the population and their
expectations for care) and the number of patients requiring intensive care
after elective surgery and other interventions (dependent on the available
surgical and other interventional services among other factors).

e How is healthcare organized in the catchment area? What are the roles of pri-
vate and public health care? Are there defined paths of patient flow for admis-
sions and discharges?

e Do multiple hospitals with their own ICUs serve the same catchment area or
compete in it?

e What is the hospital’s mission? Is it expected to change?

e What is and what will be the strategy of the hospital in providing services and
developing its role?

e What are the political plans of the government for healthcare and its financ-
ing?

e Isrestructuring of healthcare planned or likely?

e What future scenarios can you envision in the next 5, 10, 15 years?
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Under what Environmental Conditions within the Hospital does
the ICU operate?

e What is the mission of the ICU?

o Are there different ICUs for specified tasks within the hospital?

e Which clinical specialties are available in the hospital? What is the actual
patient mix for intensive care? Does the hospital have a special role, e.g., as a
burn center or a trauma center?

o Are there serious problems with nosocomial infections in the hospital?

e What is the organizational structure of clinical services and how is intensive
care organized within the hospital structure?

- Is the ICU independent or part of another or several other services?

- Are there other high dependency care units (i.e., other ICUs, intermedi-
ate-care or step-down units, post-anesthesia care units), and how are they
organized?

e Is enough skilled staff available?

To what extent is the capacity of the ICU utilized?

A major political issue that inevitably influences the design of the ICU and the
utilization of its resources is the positioning of intensive care within the hospi-
tal structure. We strongly believe that concentrating ICU resources under one
administration with an interdisciplinary intensive care concept offers many ad-
vantages, and that these should be considered in the design of future ICUs. For
example:

e Resource allocation can be better controlled and efficiency facilitated

Care and best practice models can be more systematically applied
Optimizing the process of care is easier

The continuous presence of ICU professionals can be better guaranteed
There may be a fairer distribution of limited resources to patients who need
it.

Our own experience at the University Hospital of Berne, where five ICUs (three
surgical, two medical) from three different departments were merged into an
independent department of intensive care medicine, supports this concept: the
integration of the units resulted in increased admissions, reduced length of stay,
and reduced ICU mortality, despite similar severity of illness (Table 1). Also, the
number of patients discharged with a poor prognosis decreased.

To build interdisciplinary units you need a philosophy that encourages cross-
specialty training and a broader skill mix. This may be more demanding and
time-consuming than if you have staff members who are specialized in one dis-
cipline, but it will ultimately lead to more flexibility and foster interdisciplinary
collaboration in the care of the critically ill patient.
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Table 1. Patient data from 1998 to 2003. The merger of units started at the end of 1999, with full
functional integration during 2000.

1998 1999 2000 2001 2002 2003
# of patients 2,799 2,682 3,029 3,221 3,081 3,338
SAPS-2 (mean) 29.8 30.2 28.3 28.0 29.5 29.3
LOS ICU mean (days) 3.6 34 2.8 2.4 2.3 2.4
Age (mean) 60.1 59.9 60.8 59.6 60.0 59.5
Mortality (%) 8.2% 7.7% 6.5% 5.6% 6.0% 5.5%

LOS: lengh of stay

What are the Core Processes of the I[CU?

The core processes of the ICU depend somewhat on the characteristics of the
hospital and whether it is affiliated with a university. A pragmatic approach is
to consider three main horizontal processes that are independent of the degree
of specialization of the unit. All ICUs treat patients (patient care process) and
provide teaching (education process; even in ‘non-teaching’ hospitals, education
is still important for the ICU staff); if research belongs to the function, then it
becomes the third main process. The relative weight of these processes may have
consequences for the unit’s design. In any case, over the short-term, the patient
care process has the highest priority.

The core processes can be considered as:
o The patient care process

e The education process

e The research process

These processes are interrelated: each one influences the optimization of the
others (Fig. 1). With a good education process, the risk of complications for pa-
tients can be reduced. Without the education process, the specialized knowl-
edge and skills needed to care for patients will be limited. And without patients,

Main Processes

Fig. 1. The main processes - patient intensive care, education, and research - have a common
pathway.
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there are fewer options for teaching intensive care medicine. The same is true for
research. The patients’ diseases and problems form the basis for the questions
asked, and research gives the answers needed for treating the patients. The three
main processes may appear to exist in parallel, but ultimately they proceed in a
common direction, and follow a common path.

The Support Processes

Support processes are essential for the main processes. Among those with great-
est relevance for design are logistics, information technology, control, and ad-
ministration. These processes should be adapted to the main processes, and not
the reverse. The common aim of all of the processes should be steady improve-
ment in organization and provision of intensive care medicine.

The Patient Process as the Central Task

It is important to recognize that an ICU is not a stand-alone organization. It is
not an end in itself. The ICU is a central part of a complex horizontal patient
process (Fig. 2).

Patient outcomes will depend not only on the expertise of the ICU team and
the quality of the ICU facilities but also on the diagnostic tools available and the
care provided in the emergency department, the operating room, and the units
to which the patients are discharged. It is obvious that the physical paths should
be short between the various departments involved. But it is not just the distance
in meters that affects patient care; a safe and cost-efficient patient process is also
dependent on the communication systems that link the various departments to
the ICU.

P
[ Diagrostics ]

Planned
admissions

Interventions

Fig. 2. The central position of the ICU in different patient processes and their interdependen-
cy. The function of several departments and services is typically influenced by the function
and structure of the ICU. This should also be considered in the unit design.
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Fig. 3. The ‘closed but integrative and communicating’ model (from the ICU viewpoint). In a
structured communication system, a physician accompanies the patient through the different
departments.

The traditional division of ICU organizational models [12] into ‘closed’ (all
decisions are the responsibility of the ICU staff) or ‘open’ (the primary physician
is responsible for decisions concerning the intensive care, with or without an
ICU physician in a more or less consultant role) should be obscure in the future.
The future model should be seen as ‘closed but integrative and communicating’
(Fig. 3). The ICU team is involved in the care of patients from the moment they
enter the hospital via the emergency department or are brought in by ambulance
services, along with a physician from the unit that will receive the patient after
the ICU stay. This physician accompanies the patient throughout the hospital
stay. ‘Tagging’ is the term we use to describe the process of integrating another
clinic in the responsibility for an ICU patient’s care.

Tagging promotes interdisciplinary cooperation. Although it is necessary for
the ICU physicians to be in charge of intensive care decisions and resources, the
ICU should not be a closed environment, but rather a place where teams can
work together. It should be possible for physicians from the partner specialties to
be involved in important decisions affecting patients they will later receive from
the ICU. Through communication and collaboration, the patient will profit (as
will the economic interests of the hospital).
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Process-Oriented Design

Planning and design can be facilitated using a structured system approach,
which separately addresses the different levels of planning and the processes
involved.

The Three-System Model [13]

Three separate levels of systems can be defined in planning, design, financing,
and construction. The primary system consists of the walls of the building, the
alignment of the different units within the building, and logistics between the
ICU and the rest of the hospital. The secondary system refers to the layout of the
unit and to functions inside the unit, including communications. The tertiary
system consists of what is within a subunit (room), its layout, equipment, and
furniture, i.e., the immediate patient treatment area and bedside design.

The primary system

The primary system determines the flexibility of the building. It is like the DNA
for the development of a living thing. The primary system is a long-term invest-
ment.

The alignment of the units

To support the patient process in a general hospital, the ICU should be located

in close proximity to:

e The emergency department

e The operating room

¢ Diagnostic facilities, such as computed tomography (CT) or magnetic reso-
nance imaging (MRI)

e Other intervention facilities (cardiology laboratories, neurology stroke unit,
angiology)

e Step-down facilities

These requirements depend on the specific characteristics of the hospital. More
specialized hospitals (e.g., those without an emergency department) will have
different priorities. For the alignment, there are three general concepts: horizon-
tal, vertical, and mixed. Examples of these are shown in Figure 4.

Horizontal alignment locates all the important services next-door to the ICU
on the same floor (A). Diagnostic modalities such as CT and MRI are gaining in
importance, and transporting unstable patients is risky and resource-intensive.
Whether portable diagnostic devices will be able to reduce transportation de-
mands is currently not known. Also, close proximity to step-down facilities sup-
ports the continuum of care and helps to optimize resource utilization within
the high-dependency care area.
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Fig. 4. Possible alignment of units close to the ICU. a is presented from above. b and c are
viewed from the side.

Horizontal alignment also has drawbacks. Even a very compact ICU has fairly
large dimensions, and distances to the neighboring units may become consider-
able. Arranging the unit to accommodate the different neighbors on all sides will
require flexibility, and patient rooms will have no direct view to the outside.

If horizontal alignment is not feasible or desirable (your floor plan may not
allow enough square meters, or access to too many services may be necessary), a
more realistic alignment is vertical (B) or a combination of horizontal and verti-
cal (C). In this case, wide lifts with dedicated capacity for ICU patient transport
are necessary. These lifts should ideally lead to the center of the ICU. If the lifts
are wide enough and there is enough capacity, distances are not very important.
It is easier to examine and treat a patient in a wide lift than on a long corridor.

The patient lifts, the logistic imperative to connect units

A lift should be wide enough (approximately 2.15 x 3.20 m minimum) to enable
transport of patients in complicated situations. Beds are becoming larger, and
in the future some ICU equipment (monitoring, for instance) will be integrated
into the patient’s bed. Organ support systems consume space, and space is need-
ed for the accompanying staff.

To have a redundant system, you should have two wide patient lifts in a tower-
like building. For security reasons, the two lifts should not be in the same sec-
tion of the building. If there is a fire, you must be able to evacuate patients from
another area of the ICU floor.
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Fig. 5. Process-oriented alignment of units close to the ICU in a tower

Process-oriented alignment of units

If, as predicted, future hospitals will have more and more step-down beds in-
stead of regular beds, then a tower will be the preferred primary system (Fig. 5).

In a changing healthcare environment you should have the flexibility to con-
vert regular wards and patient rooms to high dependency care facilities.

The relationship between the ICU and the step-down unit

There are several reasons why hospitals have developed step-down units [14]:

e to facilitate earlier ICU discharge of stable patients who are thought to need
more care than can be provided on general wards.

¢ to decrease the need for ICU readmission by providing more monitoring and
nursing care than is available on hospital wards.

e to decrease patient mortality rates in hospitals that are experiencing marked
pressure on the availability of beds in ICUs.

o to reduce the cost of treating patients who do not need the unique services of
an ICU by providing care in areas with a lower nurse/patient ratio and less
complex technology.

These step-down beds, providing care at a lower level than the ICU but a higher
level than the general ward, can be organized in a quite different way. Principally
there are two possibilities, with modifications:
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e Step-down beds integrated in the ICU
- based on cohorts or
- based on flexible allocation of step-down patients throughout the ICU,
with concomitant adjustment of personnel, monitoring, and care intensity
e Step-down beds outside the ICU
- 24-hour post-anesthesia care unit
- integrated in a surgical or medical clinical department

Each option has advantages and disadvantages. The aim should be to get the
best quality of care at the lowest cost with the best possible outcome. Step-down
beds located on the ward of a specialized department (e.g., cardiology) have the
advantage of concentrating patients with very similar medical problems in one
location. This reduces the breadth of knowledge and skills needed by the car-
egivers, and may enhance the treatment process for the majority of patients. But,
as a result of the specialization, the care and treatment of patients with multiple
or complex problems (‘medical multiple trauma’) is not optimal and may seri-
ously interfere with the standard care process and result in wasting of resources.
Locating step-down beds inside the ICU has the advantage of making it possible
to change the level of care provided to patients without moving them from one
place to another. The logistics for continual adjustment of care intensity and
altering the staff/patient ratio may be easier to achieve. The entire staff will need
a very broad knowledge of different medical specialties and will need skills cov-
ering a wide range of levels of care; thus, the staff will have to be much more
flexible. Concentrating step-down patients in one area of the ICU has the ad-
vantage of easier planning and allocation of material and personnel within the
ICU, while the lower intensity of care and severity of illness are predefined. At
the same time, support from the normal ICU area will be readily available. Step-
down bed cohorting may also facilitate training of less experienced staff, and
may provide a temporary, less intensive working environment during periods of
high work load in the normal intensive care area.

The secondary system

The secondary system is a medium-term investment. It is beyond the scope of
this article to discuss all aspects of the secondary system. Therefore, we will con-
centrate on some key aspects that have a major potential impact on care proc-
esses.

The area requirements of a compact ICU

As intensive care medicine has developed into its own specialty, requirements
for space have changed. Intensive care is now provided by trained intensivists
and other professionals, who work exclusively in the perimeter of the ICU. Space
is needed not only for treating patients, but also for education, research, and
support processes, such as logistics, human resource management, informatics,
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Fig. 6. Potential design of a compact ICU in a tower-like building. The dark gray area marks
the patient rooms in subunits with a common communication center. The hatched area marks
the twin (Gemini) support areas, each serving two subunits. The light gray area marks the
core support area for all subunits (staff, main corridor, relatives, discussion facilities, secre-
tary, research and education facilities).

control, and secretarial support. To meet all of these requirements, you will need
about 100 square meters of floor space per bed.

The ICU of the future should be compact. The space allocated to patient care
is dependent on the number of patient beds and on the treatment concept (the
rate of high versus lower level of intensive care). The treatment area should con-
tain a communication center (nursing station) serving a subunit of no more than
8-12 patients. Each subunit should have its own offices, toilets, storage rooms,
sinks, lifts, waste disposal, etc. (Fig. 6).

The core support area contains kitchens and lounges for the staff and the rela-
tives, the main corridors, storage rooms, meeting rooms (education, presenta-
tions, daily report), offices for staff and secretaries, an admissions point, clinical
research facilities, staff lifts, and an area for the relatives to say their final good-
byes after a patient has died.

Nursing station

The ‘nursing station’ will look very different in the future. Although intensive
care medicine organization as a whole will be more centralized, nursing and
medical functions will be increasingly decentralized (Fig. 7). Centralized moni-
toring and observation will become less important as staff move closer to the
patient’s bed. However, central monitoring will not disappear completely, as it
provides flexibility when there is a critical shortage of resources.

What was once a central monitoring and observation area will metamorphose
into a communications area. In the communications area you will have the sec-
retarial support staff, centralized telephone answering, personal computers, a
fax machine, a tube station, and connection to the Picture Archiving and Com-



126  B.Regliand J. Takala

B
L
=
w
0
Logistic Staff
staff
=
@
s}
Logistic Secretary
staff staff

Fig. 7. In the nursing station of the future the medical and nursing staff are brought closer
to the patients and the logistical and secretarial staff move closer to the front to relieve the
medical and nursing staff.

munication System (PACS). The communication area will be one of the work
sites for the numerous healthcare professionals who are involved in the treat-
ment of the patients and support of the patients’ relatives, and a point of infor-
mation for the healthcare staff and relatives. Last but not least, it is a centralized
area where informal communication can take place between staff members and
the consulting specialties.

Wireless communications and personal hand-held communication terminals
will be the norm; this is likely to reduce the administrative workload and en-
hance the link between administration and patient care process. The proximity
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Fig. 8. a An ICU with an open design, showing multiple iron lungs during the polio epidemic
in the Haynes Memorial Hospital in Boston, 1955 (Photo: AP Archive). b Swedish Medical
Center, Englewood, Colorado, 1998 (Photo: B. Regli)

of the staff to the patients will remain essential; nevertheless, improved com-
munication technology will facilitate flexible information exchange between
different high-dependency areas, and may enhance the efficiency of resource
utilization.

Patient rooms - open versus closed design

The configuration of many critical care units evolved from the recovery room
model, which uses a so-called open design (Fig. 8a). The advantages of an open
design include direct visualization of multiple patients, short distances between
beds for the staff, and reduced needs for personnel and square meters. As part
of a modular logistic concept, movable cupboards can offer a level of privacy
between beds, and may be designed to provide protection from radiation.

Recently, there has been a trend toward a closed design, with smaller rooms
for individual patients (Fig. 8b). The closed design has the advantage of shield-
ing patients, who are awake and alert, from the constant activity in a high-level
care environment (noise, light, traffic, interventions performed on patients in
neighboring beds, relatives of patients in neighboring beds). In addition, the risk
of hard-to-treat infections contributed to the trend toward a closed design.

How many beds should patient rooms contain?

It is likely that the room design of the future ICU will be a compromise. The
unique situation and requirements of the hospital will determine the relation-
ship between an open ward design and a closed design with individual rooms
(Fig. 9). Flexibility should be the goal. The number of beds per room may vary
widely and there are no solid arguments for any specific number. The authors’
personal experience of many different room configurations and bed numbers
between 1 and 8 per room suggests that 5 beds per room is a reasonable maxi-
mum number, providing that some degree of privacy between the beds can be
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Fig. 9. Conditions influencing the choice of a one-bed or multiple-bed room

provided by mobile walls or cupboards. If the ICU treats a large number of post-
operative patients with a very short ICU stay, even more patients per room may
be reasonable.

The ICU of the future benefits from maximum flexibility in its secondary sys-
tem. Mobile full- or partial-height walls (folding or sliding walls), other mobile
dividers of floor space (e.g., cupboards or shelves), and sliding doors can be used
to provide flexibility in the division of room space and the number of beds. The
need to adapt rapidly and without major costs favors this approach in the sec-
ondary system, despite the sometimes higher initial investments needed.

Space around beds

Irrespective of the design you choose, you will need space around the bed. In
1965, the amount of space needed per patient in a multi-bed room was only 9
m?, Thirty years later, in 1995, the ESICM recommended 20 m” per patient in a
multi-bed room and 25 m? per patient in a private room [3], and the SCCM rec-
ommended even more space: 25 m” per patient in a multi-bed room and 28 m?
per patient in a private room [2]. The increasing need for space has been in part
related to the increasing number of devices used for patient care and diagnos-
tics. On the other hand, modern technology has already enabled the size of many
devices to decrease. Space needed per bed is unlikely to grow at the same pace as
in past decades; if rooms are too large, distances increase and the advantages of
compactness are lost.

Space is needed for:

e Interventions (e.g., insertion of catheters, minor surgery, tracheostomy, endo-
scopies)

e Organ support systems. Increases in the number of systems available or re-
quired to support organ failure (lung failure, renal failure, metabolic failure,
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and liver failure) in the past few years have been accompanied by substan-
tially increased requirements for space.

e Diagnostic tools. Many diagnostic tools are now brought to the patient’s bed-
side (radiology, endoscopies, ultrasound examinations, metabolic measure-
ments, scintigraphy). In the future, many current diagnostic technologies will
develop into continuous monitoring technologies.

e Education and research.

- New research tools, often prototypes, may not be integrated in the conven-
tional monitoring or treatment application systems.
- There should be sufficient space to conduct bedside teaching rounds.

e Contact isolation. If there is not enough space between the patient beds, it is
very difficult to achieve contact isolation.

¢ Relatives. There is a growing trend toward allowing relatives to have access to
the patient, sometimes almost continuously. These visitors need space.

e Supplies, such as often-used medications and dressings.

The need for space will continue to grow, as will the battle for financing that is
associated with these increased needs.

Isolation requirements

One of the most challenging questions is how many patients will need to be
isolated in the ICU of the future. Space is needed for both contact isolation, to
prevent the transport of bacteria from one patient to another (most often dif-
ficult-to-treat nosocomial bacteria, such as methicillin-resistant Staphylococcus
aureus), and aerosol isolation, for patients with very contagious infections like
severe acute respiratory syndrome (SARS), which can infect other patients or
the staff by contaminated drops in the air. Due to the negative atmospheric pres-
sure needed for the aerosol isolation room and the separate logistics required for
material delivery, disinfection and cleaning, and entrance/exit, these rooms will
substantially reduce the flexibility of the ICU secondary system. Functional and
financially sound technical solutions for flexibly converting sections of multiple-
bed rooms to aerosol-isolation facilities is a clear challenge for the future ICU.

With a flexible secondary system that allows variation in room size, contact
isolation of patients becomes much easier.

Where should staff members be when they are not at the bedside?

All core staff who work full-time in the ICU should have offices within the ICU
perimeter. A dedicated area functioning as a workshop for education and train-
ing the staff should be integrated in the ICU to provide the nursing and medical
staff with the opportunity for independent education in times of less activity.
Real ICU equipment, simulation possibilities, and access to educational infor-
mation should be provided. The workshop can be a multipurpose rooms; if it is
also equipped as a patient room it can serve as a reserve.
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Where should facilities for research staff and equipment be located?

Facilities for research staff should be located inside the ICU perimeter. The re-
search staff will be better integrated in the ICU team, and clinical staff members
engaged in research will benefit from better access and availability.

The logistic concept

Well-trained ICU personnel will remain an important commodity for the ICU.
They should concentrate on their main special skills area and be relieved from
logistical tasks, where possible. To do this, the logistic personnel should be
brought to the front.

Material can be stored in modular units containing a predefined range of
products ready for use. These can be delivered either to storage areas, directly
to the patient care area, or both (Fig. 10). These modular units should be re-
plenished by logistic personnel, and the consumption/supply controlled by a
logistics software system. The modular supply concept can cover most bedside
consumables, including medications.

Vertical supply axis

Modular supply units Modular supply units, delivery to ICU

"'">> Clinical

LELEE] = use

ﬁ

Main logistics supply line
. Standardized material
. Other material

Fig. 10. The logistic process. Material is brought to a central storage area of the hospital. From
there it is divided to the different departmental storage rooms or directly to the clinical units
in modular units. The modular units are replenished by logistic personnel.
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The tertiary system

For the future, flexibility is one of the key strategic issues. As discussed earlier,
a flexible secondary system allows freedom to use different organization con-
cepts. A lot of flexibility can be built into the design of the tertiary system as
well. Flexibility can be considered either as ‘adaptable flexibility’, which allows a
simple change in the current use, or ‘convertible flexibility’, which allows an in-
expensive conversion to a new use [5]. In order to have ‘adaptable flexibility’ for
a case-mix ranging from advanced intensive care to step-down patients, all pa-
tient beds need to be equipped with high-level monitoring. If the patient rooms
are provided with maximum utilities capability (communication, medical gas
supplies, electrical installations), but with different monitoring systems for high
and lower levels of care intensity, there is a potential for convertible flexibility if
the monitoring system can be changed or upgraded with an acceptable level of
investment.

There are various options for installing the equipment for monitoring and
treatment. Current approaches include a headwall, a ceiling service panel, and a
column. With a headwall, it is not possible to have access to the patient from all
sides. Ceiling service panels are extremely expensive. A power column/docking
station may be the supply system of choice, providing the most flexibility.

A power column/docking station should be movable and should contain ox-
ygen outlets, medical air outlets, vacuum outlets, electricity, and communica-
tions capabilities, including a local area network (LAN and W/LAN), a patient
data management system (PDMS) interface, a telephone connection, and an
alarm. It should be stable enough to also carry the monitoring system, a respira-
tor, and the infusion pumps. The distances between the power column/docking
stations should be adjustable. More power column/docking stations can be used
to increase the number of beds in a room for patients who need a lower level of
intensive care. If more space around a patient is needed, the distances between
the power columns/docking stations can be widened. In the future, it will more
than likely be possible to dock the ICU bed to this column, and some tools will
be integrated into the ICU bed.

Conclusion

Intensive care professionals charged with designing ICUs of the future should

begin by considering the environment in which the hospital operates. Evaluation

of processes related to intensive care and within intensive care itself provides the
key for successful design. Key points to keep in mind include:

e There are significant advantages to concentrating ICU resources under one
administration, in a geographically compact area, with an interdisciplinary
intensive care concept.

e DPatient care, education, and research should be regarded as interrelated proc-
esses that follow a common path.

o A three-system model can help coordinate various aspects of planning, de-
sign, financing, and construction.
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Considering it has been a decade since the major intensive care societies last
published guidelines on the topic of ICU design, perhaps the time has come for
them to revisit the issue. However, even if basic standards can be developed, the
uncertainties in healthcare are likely to increase in the future. Thus flexibility
will remain an essential goal at all levels of ICU design.
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Introduction

The year is 2054; Tom Cruise plays a policeman in the Steven Spielberg movie,
Minority Report. Detective Cruise works in the so-called ‘pre-crime division’
of the Washington DC police department. His job is to stop crimes before they
happen. The premise of the story is that by using future-viewing technology,
the police are able to arrest criminals, especially murderers, before they com-
mit the crimes. In the opening scene of the movie, Detective Cruise manipulates
data using advanced information technology and virtual reality gloves. These
data then show him patterns of the murder before the crime actually happens.
The ‘pre-crime’ policemen move in and apprehend the criminal before a drop of
blood is spilled. In this scenario there is no victim, no blood, no death and the
perpetrator is eliminated before the crime is committed.

The year is 2015; an intensivist uses advanced information technology to ma-
nipulate data without pen, paper or x-ray film, but with a mouse, monitors and
wall-mounted voice recognition software. A clinical decision support system
alerts the intensivist via her remote site virtual intensive care unit (ICU) that a
pre-sepsis pattern exists in one of her patients. The intensivist has the patient’s
genomic and proteomic data immediately on-line via the monitor and prescribes
the patient’s personalized genetically engineered anti-microbial using voice rec-
ognition. Conversely, the intensivist can ask the computer to find all patients
who have the same (or similar) clinical data. If she likes the matches, she can
then look at their courses and outcomes and either repeat the therapies if the
outcome was good or look for another path if it was not. In either of these sce-
narios, there is no infection, no distributive shock, no critical illness, no blood,
no death and the microbe is eliminated before the disease becomes reality.

This has been a fun chapter to write since, like the movie Minority Report, it
does not have to be reality-based to raise cultural, economic, technologic and
real world questions. Postulating the look and feel of the ICU of the future may
be as much fun and as exciting as the aforementioned scenario. On the other
hand, the future could be as frightening as working with what we have now, ex-
cept deleting care-givers because of the upcoming critical care physician and
nursing shortages and the increased numbers of critically ill patients.
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Physicians and the Evolution of Information Technology and ICUs

Before we consider where we are going with information technology in the ICU
in the year 2015, we need to remember where we have come from both with in-
formation and intensive care technologies. In the mid 1800s in the US, a census
was performed every ten years for one reason: It took ten years to count every
American. In 1890, a physician, Dr. John Shaw Billings, working with Herman
Hollerith, came up with a novel means of collecting census data in one-tenth the
amount of time by using paper punch cards. Hollerith later started Tabulating
Machines Corporation, which changed its name and became International Busi-
ness Machines (IBM) Corporation in 1924. So, a physician had a part in starting
IBM (Fig. 1).

Sixty years ago, the world’s first digital computer, the electronic numerical in-
tegrator and computer (ENIAC), was built by the US Army to prepare for WWIIL.
In reviewing the patent application for ENIAG, it is clear that much of what was
desired in the mid 1900s for war preparations still applies to modern healthcare.
“...With the advent of everyday use of elaborate calculations, speed has become
paramount to such a high degree that there is no machine on the market today
capable of satisfying the full demand of modern computational methods. The
most advanced machines have greatly reduced the time required for arriving
at solutions to problems, which might have required months or days by older
procedures. This advance, however, is not adequate for many problems encoun-
tered in modern scientific work and the present invention is intended to reduce
to seconds such lengthy computations...” [1]

The Army made ENIAC capable of processing two ten-digit multipliers in 2.6
milliseconds. The computer itself weighed 30 tons, had 19,000 vacuum tubes
(bulbs) and hundreds of thousands of resistors and capacitors. ENIAC was

Fig. 1. The Hollerith Tabulating Machine which
was developed using punch card technology to
speed up the US census counting of Americans
in 1880. Photo courtesy of IBM
(http://www-03.ibm.com/ibm/history/history/
decade_1890.html)
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housed in a 20 x 50 foot room without air-conditioning and tended to by senior
military officers day and night (Fig. 2). The officers replaced burned out com-
puter vacuum tubes and removed insects that flew in through the windows of
the building housing ENIAC. These insects frying on the hot vacuum tubes may
have been the first instance of the term ‘computer bug’.

Bill Gates dropped out of Harvard 30 years ago to write software for the MITS
Altair personal computer for MITS’ founder, Ed Roberts. MITS went out of busi-
ness and Roberts pursued a childhood dream of becoming a doctor. Bill Gates
developed a novel computer software program called disk operating system
(DOS). Gates failed repeatedly to sell DOS to any computer company until his
mother convinced the chairman of IBM to give her son’s software programming
a chance. Dr. Roberts is now a family physician in rural Georgia. Mr. Gates is
now the richest man in the world.

Finally, just ten years ago, the widespread use of the internet came into being.
We now have hundreds of thousands of websites a click away, almost instantly
available for a multitude of educational, entertainment, and enterprise purpos-
es. Who knows what the next ten years will bring for information technology?

Fig. 2. The electronic numerical integrator and computer built by the US Army to prepare for
World War II. The computer weighed 30 tons and took up a 20 x 50 foot room to run thousands
of computations per second. (US Army Photo)
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Will there be another disruptive technology like the Internet that changes the
way people think and act? Or will healthcare and critical care in particular take
advantage of the world wide web for the betterment of patient care, education
and research in a fashion similar to other industries?

The development of the ICU has been along a parallel path. The first critical
care unit opened in Copenhagen, Denmark in 1953 [2]. ICUs became the norm
in large US hospitals by the late 1960s and nearly 70% of US hospitals had at least
one critical care unit in a survey of hospitals published in 2000 [3]. Today, criti-
cal care beds comprise over 25% of the total licensed beds at the main campus of
the University of Pittsburgh Medical Center.

Combining information technology and critical care has been a love-hate re-
lationship with fits and starts. Because of the nature of the patients and caregiv-
ers, there is a need for extensive amounts of information in the ICU. These data
need to be collected, reviewed and assimilated in order to appropriately care for
the critically ill patient. But, while critical care clinicians value the biophysi-
ologic monitors for blood pressure, heart rate, oximetry and continuous cardiac
output, they are less enthusiastic about adopting information technology appli-
cations. By the early 1980s in the US, only a few large academic medical centers
pursued electronic medical records (EMRs) and even fewer had any degree of
penetration into the ICU. The early work of institutions such as the Regenstrief
Institute in Indianapolis, Indiana; Duke University’s TMR; and the HELP sys-
tem at LDS hospital in Salt Lake City, Utah, pioneered the implementation of
technology. In fairness to all of us in healthcare computers were quite expensive
at the time of these installations. The IBM 7090 was a large computer, costing
$20,000 per month to lease. Back then, staff were cheap, costing about 1/10™ the
amount of the computers. Times have changed, particularly in healthcare. Now,
staff are more expensive. The people who use computers cost their companies
tens to hundreds of times as much as the personal computer (PC) that they use.
A powerful PC today costs $2,000-3,000 to purchase while the average non-phy-
sician employee of the University of Pittsburgh Medical Center costs the system
approximately $45,000/year. How do we leverage the increased cost of personnel
and decreased cost of information technology to improve the care provided to
our critically ill patients?

The Need

In 1998, the Institute of Medicine (IOM), part of the National Academy of Sci-
ences in the US, published a report on quality of health care in America. That
report, “To Err Is Human”, indicated that up to 98,000 Americans die each year
from preventable medical mistakes they experience during hospitalizations [4].

»
-

Fig. 3. Screen print of vital sign flowsheet used in each of the ICUs at the University of Pitts-
burgh Medical Center. Calculations for infusion rates are performed by the computer system
based on patient weight or body surface area. All data are “owned” by a clinician so that spe-
cific elements can be queried later for research or quality improvement efforts.
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The IOM report goes on to indicate that there are more deaths in hospitals each
year from preventable medical mistakes than there are from motor vehicle ac-
cidents, breast cancer, or acquired immunodeficiency syndrome (AIDS). The
single leading type of error is the medication error with estimates ranging from
4% to 20% of all hospitalized patients encountering medication errors. These
errors result in excess costs of $2595 to $4685 per adverse drug event [5]. While
the IOM report did not focus on care in ICUs, the report does suggest that criti-
cally ill patients are at a particularly high risk for adverse events. The ICU risk is
as high as 17.7% for death or disability, and nearly 46% for any type of adverse
event [6]. One of the oft-repeated recommendations from this IOM report is that
information systems could reduce these mistakes considerably [7].

Unnecessary Variation

In 2003, Elizabeth McGlynn published a report indicating that compliance with
the standard for quality of care for patients in the US based on evidence-based
medicine (EBM) guidelines was approximately 55% [8]. This article opened our
eyes to how extensive the variability of health care delivery, and hence opportu-
nity for improvement, is in current practice. This was not the typical variability
in treatment of disease that had been active fodder for public health researchers
since the 1980s when many publications reported on the variability from region
to region of the US on such disparate procedures as cesarean section, hysterecto-
my, cardiac catheterization and coronary artery bypass grafting [9-11]. Not only
did researchers demonstrate variability among different regions of the country,
but from urban to rural, female to male (where appropriate), and distinct racial
and socio-economic differences. Yet another type of variability that is not unique
to critical care medicine, but has been observed in the ICU, is intra-individual
variability. The authors have observed that a critical care physician’s responses
to different problems varies based on the time of day, and not based on patients’
clinical characteristics or ventilator setting. Unnecessary variability can be det-
rimental to patient care. How do we take advantage of the increasing affordabil-
ity of information technology and ease the workload of our hospital personnel
while improving the quality of patient care delivered? How do we change the art
of medicine from a cottage industry mentality with individual variability as the
standard of practice to a hardened precision-driven, highly-engineered process
where the best therapies are consistently applied to every patient?

Current State

The ICU is where the pressures of a hospital converge. An ICU is also a data-rich
environment where medical and information technologies converge. In health
care, data are facts, such as heart rate, and observations, including clinical signs
and family history. The sum of the data becomes information. Organizing and
evaluating the information generates knowledge and provides the framework for
medical decisions. When so many data elements must be turned into informa-
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tion and knowledge, errors occur because of sheer volume. A physician may be
confronted with more than 200 variables during typical morning rounds [12].
Even an experienced physician is often not able to develop a systematic response
to any problem involving more than seven variables [13]. Moreover, humans are
limited in their ability to estimate the degree of relatedness between only two
variables. This problem is most pronounced in the evaluation of the measurable
effect of a therapeutic intervention. Computers and clinical information systems
(CIS) are not consistently incorporated into patient monitoring, medication ad-
ministration, ventilator or other life-support devices across ICUs the world over.
Despite recognized problems of legibility, accessibility and their role in errors,
handwritten records are still the strongholds of clinical record keeping. There is
variable market penetration with CIS. When these systems are used, they pro-
vide critical care clinicians with timely physiologic data to help direct patient
care. In addition, the computerized databases provide critical care clinicians
with the ability to analyze care practices, improve patient safety, and evaluate
quality and process improvement.

In 1991, we began using a CIS in the ICUs at the University of Pittsburgh Medi-
cal Center. Patient data, including demographics, biophysiologic data, ventila-
tor settings and laboratory results, are collected from a number of sources and
fed into an electronic vital sign flowsheet. This information is correlated with
medication administration and medication infusion rates. Supportive informa-
tion such as allergies, i.v. infusion ranges and calculations are configured into
the system. The nurses record their narrative notes using either a drop-down
menu or free text typing. In addition to collecting clinical data, the system also
interfaces with the APACHE III database. The combination of the two databases
provides a large medical data warehouse that can be queried for clinical, ad-
ministrative, quality improvement and research objectives. There are also many
opportunities for improvement: the current processors and monitors are large,
bulky and outdated; their electrical cords and cables tether them and also create
a safety hazard for tripping. Keyboards become contaminated if used without
appropriate handwashing and our CIS support team replaces at least one mouse
a day due to damage or misuse. There is a complex system of interfaces and
servers that send data from laboratories, pharmacy, admit/transfer/discharge
services that are each at risk from network problems including power outages
and server crashes.

CIS are proven to enhance workflow and outcomes, and yet hospitals often
face staff resistance when systems are installed. Even when a change is the best
course of action, some groups of clinicians change slowly. The natural history
of technology acceptance has been described as consisting of five groups: the
innovators, early adopters, early majority, late majority and laggards. The inno-
vators, or champions, pave the way for new technologies with early adopters fol-
lowing quickly behind. Most users fit in the early and late majority groups while
the laggards, or nay-sayers, are resistant to change and new technology (Fig. 4)
[15]. Two important factors for system acceptance are ease of use and speed.
Hospital culture, physician and nursing champions, and personal relationships
are key to the success of the CIS [16]. Hardware and software that succeed in one
facility may not be effectively transferred to another facility. While the advan-
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Fig. 4. The natural history of technology acceptance has been described as consisting of five
groups: the innovators, early adopters, early majority, late majority and laggards. From [14]
with permission

tages of the system include reducing transcription errors and quick accessibility,
disadvantages such as the cost of installation and training along with concerns
about patient confidentiality must also be considered.

Although many vendors offer software systems for critical care, very few ICUs
are using paperless documentation. While these software systems have proven
to be a huge advantage over the paper ICU systems, they are far from mature.
Widespread adoption and evolution of these systems contribute to developing
an appropriate level of maturity. Critical care information system implementa-
tion must mirror an adoption cycle similar to that of the automobile, (invented
around 1890, reached 10% penetration in about 1908, and became ‘mature’ in the
1920s with 50% penetration). The key to widespread acceptance of the automo-
bile was the assembly line - ICU information technology has yet to find its own
‘assembly line’, making its use commonplace in health care.

Pieces of the Future State ‘Puzzle’
Picture Archiving and Communication System (PACS)

A PACS is a comprehensive computer system that is responsible for the electronic
storage and distribution of medical images. The system is highly integrated with
digital acquisition and display devices. The images are viewed within the hos-
pital or via remote access for consultation. Facilities that use PACS reduce their
use of film, film-processors and the associated costs. There has been constant
growth in clinical implementation of PACS over the past few years as a means to
reduce expenses and improve patient care, a trend that is expected to continue
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and increase. These systems can be web-based, much more affordable and pro-
vide diagnostic quality images from personal computers.

One of the unpredicted advantages of PACS has been the development of an
international radiology staffing model. Teleradiology is used extensively in the
US for both subspecialty consultations and overnight coverage of imaging serv-
ices at selected US hospitals. Some US medical centers are investigating the po-
tential to help provide staffing support from outside of the US. For example, a
recent study documents how a staff radiologist in India interprets computed to-
mographic (CT) image cases that originated at a US university hospital. A radi-
ologist using PACS in Bangalore, India viewed non-emergent CT scans obtained
at Yale-New Haven Hospital. The radiologist was a former faculty member who
maintained hospital privileges and an academic appointment at the parent in-
stitution. Following the radiologist review, the CT imaging reports were tran-
scribed, then uploaded into Yale’s radiology information system [17].

Quality Improvement

In the United States, the government is the largest purchaser of healthcare serv-
ices. Recently, the US government announced that there would be pay-for-per-
formance quality initiatives put into place for both inpatient and ambulatory
care of patients [18].

In Germany, in conjunction with disease related groups (DRGs) as the sole
method for inpatient reimbursement, healthcare authorities will require hospi-
tals to publish quality benchmarks and also accumulate accreditation data after
2005. This can realistically only be captured by means of an electronic patient
record.

In the UK, a recent government initiative has set up the Modernisation Agen-
cy for Critical Care to try and ensure standardization of protocols for transfers
and the introduction of care bundles for stress ulcer prophylaxis and deep ve-
nous thrombosis (DVT) prophylaxis with hopes to address other issues such as
the management of head-injured patients not requiring neurosurgery in district
general hospitals. Now that over two-thirds of UK ICUs subscribe to the Inten-
sive Care National Audit and Research Centre, it has been possible for ICUs to
measure themselves on case-mix, adjusted outcome against other units. Each of
these initiatives, including data collection and standardization requires the use
of information technology by the ICUs.

Clinical Decision Support Systems

The goal of clinical decision support (CDS) systems is to supply the best recom-
mendation under all circumstances. In its 2001 report, the IOM strongly recom-
mends the use of sophisticated electronic CDS systems for radically improving
safety and quality of care. Clinical information systems that generate CDS-driv-
en electronic reminders and CDS-assisted computerized prescriber order entry
(CPOE) have proven to both improve quality and cost effectiveness of care. Elec-
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tronic reminders can significantly improve physicians’ compliance with guide-
lines, reduce the rate of human errors and make physicians more responsive to
specific clinical events [19].

CDS comes in three distinct varieties. Asynchronous CDS provides the clini-
cian with information that requires the end-user to look for the data. Examples
of this type of CDS include determining adjusted calcium based on the patient’s
albumin and calculating the anion gap based on the patient’s electrolytes. This
is a so-called ‘pull’ technology because the user needs to search for the values
for it to be viewed. Synchronous CDS or ‘push’ technology requires the end-user
to be at the computer terminal and an alert pops up into the user’s view. Exam-
ples of synchronous CDS include a computer alert indicating that the dose of
aminoglycoside antibiotic should be adjusted based on the patient’s renal func-
tion and prompting the end user to note an elevated digoxin level while ordering
the medication (Fig. 5). A tangible benefit of these types of CDS systems reported
in the literature involves the review of all doctors’ orders at a large US institution
for drug interactions. The CDS alerts fired on approximately 400 of 15,000 or-
ders, which resulted in changes daily. Most of these CDS-recommended changes
were to avert potential adverse drug events [20].

The most complex and promising type of CDS is closed-loop CDS. This ‘au-
tomatic’ CDS implements detailed and explicit algorithms that adjust therapies

Fig. 5. An example of syn-

chronous clinical decision
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without human intervention. To these authors’ knowledge, there are only a few
closed-loop CDS systems in critical care today; for example ventilators and iso-
lettes. Although not labeled as one, every new ventilator is a closed-loop system
[21]. In the past, we set tidal volume, respiratory rate, positive end-expiratory
pressure (PEEP), and inspiratory time (I-time). Now pressure support ventila-
tion changes the I-time with every breath without clinician intervention of any
sort. Another, far simpler, closed-loop system used in most every neonatal ICU
is the isolette. We place a baby in an isolette and connect him to a skin tempera-
ture probe, and the isolette automatically adjusts the heater output to keep the
baby’s temperature stable. The interesting caution about this latter system is that
the providers must be sensitive to the closed-loop CDS to understand the child’s
physiology. A newborn in an isolette with a skin temperature of 37.4° in a system
whose heater output has just fallen by 80% may be just as ‘pre-septic’ as the adult
whose temperature has risen to 38.6° C.

Should closed-loop CDS be part of the information technology solution of
the ICU of 20152 What kind of new closed-loop processes might work in critical
care? Examples of possible closed-loop CDS alerts include changing the venti-
lator settings based on arterial blood gases or adjusting vasopressor infusions
based on the biophysiologic data read out from the bedside monitor. Closed-loop
CDS need impeccable inputs (ventilator flow rates) and/or default to ‘off” when
the input becomes questionable as when the skin temperature decreases in the
neonate. Closed-loop CDS must be overridden when artifact is possible. Until
we can clearly ‘trust’ that the blood gas was not a venous sampling erroneously
put into the system as arterial or that the arterial line trace is valid, creating
factitious hypotension or hypertension, we should continue to rely upon human
interaction and reaction to all CDS alerts.

Multiparameter alerts are essential to improve the signal to noise ratio of ac-
curate closed-loop alerts. Input signals must be interpreted in the appropriate
context. Knowing that the patient’s blood pressure has decreased is helpful as
a single parameter. However, a concomitant increase in heart rate (i.e., physi-
ologic response) or conversely a drop (i.e., vagal or medication response) will
help separate the ‘dampened’ arterial line’s factitious hypotension from a real
hypotensive episode.

The movies, once again, have excellent examples of how to and how not to
implement closed-loop CDS. “I'm afraid that I can’t do that, Dave”, was the eerie
computer generated voice in Stanley Kubrick’s film 2001: A Space Odyssey. The
computer had just performed a closed-loop decision support rule that locked
the pilot outside of the spacecraft in deep space, sealing his fate. However, the
original Star Wars film illustrated the value of overriding the CDS when Luke
Skywalker is reminded to “use the Force” as he boards his spaceship to attack
what is the only known weakness of the Death Star. The rebel attack on the Death
Star is completely guided by computer systems. An early sequence of this ending
finds the lead rebel using his computer-guided system to launch the crucial mis-
sile at the right time - and he misses. The final sequence has Luke flying into the
same spot under the computer-guided control of R2-D2. He again hears the ad-
monition to “use the Force” and he finishes the job shooting by hand. Luke’s shot
hits the mark and blows up the Death Star. The rebels are saved. The message in
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this scenario is that Luke needed R2-D2 behind him, adjusting power, etc. with
a closed-loop efficiency to locate his target. His line of attack depended on the
computer-guided weapons destroying the Death Star’s perimeter weapons. But
the success of the mission required Luke to administer hands-on control at a
crucial point in the battle. Closed-loop CDS in the ICU must be the same as the
above scenario. Let the CDS get us as far as they can. The role of the clinician in
2015 will be to understand when to override the CDS and shoot by hand.

Voice Recognition

Within and outside of healthcare, voice recognition technology is currently be-
ing used to automate services such as customer support and document transcrip-
tion. Radiology departments have dramatically reduced overhead by using voice
recognition and decreasing transcription costs [22]. The current 95% accuracy
rate is acceptable in this field where modular content, the presence of a visual
reference (i.e., the patient film), and the predominant physician ‘audience’ can
overcome transcription errors. However, before this technology can be adopted
in critical care, the accuracy rate must be closer to 100%. Using current systems,
a typical 250 word progress note would have 12 syntax errors that could trans-
late into medical errors. In critical care, patient complexity and variability make
modular content more difficult to implement. Moreover, the physician’s dicta-
tion is the ‘snap shot’ of a patient’s condition at one point in time for which there
is no other reference. An inaccurate report of antibiotic start date or wound size
could result in poor decision-making, which goes unrecognized. However, as
accuracy improves, voice recognition in combination with wireless technology,
will become an important way of automating documentation.

Handheld Computing

Handheld computers are widely used in business and medicine alike. They are
affordable reference and organization devices that can store several textbooks’
worth of information in addition to appointments, memos, and contacts. Today
they are used for point of care reference, medical calculations and patient track-
ing [23]. A $150 Personal Data Assistant (PDA) with 16-megabytes of memory
can store up to 5 textbooks; such as Harrison’s Manual of Medicine, Griffith’s 5
Minute Clinical Consult, Washington Manual, and Epocrates Rx. With the use of
amemory card, storage capacity can be increased more than 10 fold. Their func-
tionality is restricted due to their small screen, limited battery power, and secu-
rity issues. Ultimately, this technology will be integrated with hospital records
through wireless connections. Secure access of records from any location by the
mobile c