
Critical illness is an iatrogenic disorder

John C. Marshall, MD, FRCSC

T he word iatrogenic comes
from the Greek words for
healer or physician (iatros)
and birth or origin (genesis).

It denotes illness that is caused not by
random forces of nature, but by the direct
activities of the doctor. The word is com-
monly used to denote medical errors or
procedural complications (1, 2). Iatro-
genic injury, for example, includes a
pneumothorax after attempted insertion
of a subclavian catheter, or upper gastro-
intestinal bleeding in a patient receiving
heparin.

The concept of iatrogenesis as it en-
compasses the clinical course of critically
ill patients in an intensive care unit (ICU)
extends beyond the known risks and in-
advertent consequences of intervention.
Critical illness itself is an intrinsically
iatrogenic state. It only arises in survi-
vors of a life-threatening insult, and its
subsequent course is shaped and defined
by the same interventions used to sustain
life. In the absence of deliberate medical
intervention, the course of the acutely ill
patient with hypovolemic shock, over-
whelming infection, or acute respiratory
distress is one of physiologic deteriora-

tion and death. In his Book of Prognos-
tics, Hippocrates describes the clinical
features of impending death: “a sharp
nose, hollow eyes, collapsed temples; the
ears cold, contracted and their lobes
turned out; the skin about the forehead
being rough, distended, and parched; the
color of the whole face being green, lack,
livid or lead-colored . . . it is to be known
that certain death is at hand” (3).What to
the father of Western medicine was the
signature of the end of life is to the con-
temporary intensivist an indication for
fluid resuscitation and a spectrum of ac-
tive interventions that will transform im-
minent death into survivable critical ill-
ness.

However, after the decision to inter-
vene, the clinical course is shaped by the
sequelae of that intervention. Fluid re-
suscitation in the face of altered capillary
permeability restores perfusion, but at
the cost of diffuse tissue edema; increased
capillary permeability in the lung gives
rise to the early features of acute respira-
tory distress syndrome (ARDS) and leads
the clinician to intubate the patient and
initiate mechanical ventilation. Sedation
is administered to attenuate the associ-
ated discomfort, but the inadvertent con-
sequences include hypotension that is
treated with vasopressors and apnea,
which provokes a decision to institute
fully controlled ventilatory support. In
concert with the inhibition of upper air-
way defenses by an endotracheal tube and
suppression of the cough reflex by seda-
tion, strategies to prevent stress ulcer-
ation or provide enteral access for feeding
further promote the risk of acquiring

ventilator-associated pneumonia. Tissue
edema and vasoactive medications impact
regional blood flow and impair renal
function. At the same time, cyclic stretch
injury by positive pressure ventilation
causes further injury to the vulnerable
lung, contributing to the worsening of
ARDS, whereas antibiotics initiated to
combat a suspected infection or a newly
diagnosed ventilator-associated pneumo-
nia disrupt normal microbial homeosta-
sis, predisposing to superinfection and
the emergence of resistance. The pheno-
type of critical illness changes rapidly
from the specific features of the disease
that led to ICU admission to the generic,
syndromic abnormalities that are recog-
nized as critical illness. This clinical pic-
ture is so familiar that its roots in dis-
crete clinical decisions are readily
overlooked.

It is instructive to view the complexi-
ties of the state of critical illness through
the prism of iatrogenesis—not to scold
or to invite structural solutions such as
protocolization of care, but rather to ex-
plore the more fundamental implications of
an inevitable aspect of therapeutic success.

The Multiple Organ Dysfunction
Syndrome: A Metaphor for
Iatrogenesis

The creation of the first ICUs in the
1950s was a natural consequence of the
development of a spectrum of advances in
the resuscitation and support of the se-
verely ill or traumatized patient. An im-
proved understanding of the pathologic
mechanisms underlying hemorrhagic
shock (4) enabled rational approaches to
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fluid resuscitation and transfusion and
the development of a simple technique to
catheterize the subclavian vein (5) that
set the stage for techniques that could
monitor central hemodynamic function.
The polio epidemic in Denmark in 1952
fostered the innovative approach of using
a cuffed tracheostomy tube and positive
pressure ventilation (delivered by nurse
anesthetists, interns, and medical stu-
dents) and ushered in a new area of sup-
port for acute respiratory failure (6).
Techniques for hemodialysis developed in
the 1940s (7) were adapted for the man-
agement of acute renal failure during the
Korean War. Thus, in the space of a few
years, effective approaches for the sup-
port of otherwise lethal organ insuffi-
ciency were introduced into medical
practice, Soon thereafter the first ICU
appeared as a venue where these tech-
niques could be applied to the support of
the gravely ill patient (8).

As ICUs became standard fixtures
within the healthcare system, a spectrum
of new disorders emerged— derange-
ments defined in large part by the avail-
ability of interventions to treat them but,
more insidiously, having their origins in
those same interventions. The entity of
ARDS (9), originally described as high-
output respiratory failure (10), could only
occur because mechanical ventilation
averted death from acute respiratory fail-
ure, and its clinical description empha-
sized the disorder as a disease of the lung
because it was managed predominantly
through ventilatory support. Septic
shock, a rare entity before the 1950s (11),
came to prominence because techniques
of fluid resuscitation and cardiovascular
support enabled recovery from over-
whelming infection; again, the emphasis
on shock and the associated cardiovascu-
lar abnormalities reflected the fact that
these abnormalities were measured and
supported (12). Like the apocryphal story
of the blind men trying to describe an
elephant, the complex pathologic state of
critical illness was described through the
lens of the clinical intervention available
to monitor and manage it. ARDS, septic
shock, acute renal failure, and dissemi-
nated intravascular coagulation could co-
exist in the same patient, but the differ-
ential processes of care involved in
managing each created the illusion that
these were discrete and separate pro-
cesses.

The concomitant occurrence of life-
threatening failure in multiple organ sys-
tems was first described in 1969 (13), but

it was Arthur Baue who placed these in
their contemporary context in an edito-
rial in which he suggested that: “The ma-
jor limiting factor after injury in patients
who do not have brain injury is not so
much a system, but rather a combination
of events that can best be called multiple
systems failure . . ..” (14).

The construct is now called the mul-
tiple organ dysfunction syndrome reflects
the dynamic interaction between a life-
threatening insult, the response of the
host, and the capacity of the clinician to
provide exogenous support to an organ
system that is, often only transiently, in-
capable of supporting vital function (Fig.
1). The response of the doctor staves off
imminent death but, as argued here, fun-
damentally shapes the subsequent evolu-
tion of a clinical state suspended between
life and death.

One can describe organ dysfunction
from various perspectives—as a clinical
syndrome comprising several key abnor-
malities (for example, ARDS), as a physi-
ologic derangement (for example, hypox-
emia despite supplemental oxygen,
reflected in a reduced PO2/FIO2 ratio), or
as the intervention used to manage the
deranged state (ventilatory support). In
attempting to place the focus on the un-
anticipated harm of clinical intervention,
this review discusses the iatrogenic roots
of organ dysfunction from the perspective
of the intervention.

Lung Dysfunction: Ventilator-
Induced Lung Injury

The recognition that ARDS was as
much a disease of the ventilator as it was
a disease of the lung was a direct conse-
quence of the use of computerized to-
mography. Whereas conventional plain
films portray ARDS as diffuse bilateral
fluffy infiltrates, the findings on com-
puted tomography scan are much more
heterogeneous, being strikingly charac-
terized by consolidation and atelectasis in
dependent lung zones, with cystic lesions
in the antidependent zones (15) (Fig. 2).
Speculation that overdistention of the
lung by high peak inspiratory pressures
might contribute to the evolution of
ARDS (16) prompted clinical trials of
lung-protective ventilatory strategies.
These revealed that minimizing inspira-
tory pressures and limiting lung hyperin-
flation can improve outcomes in ARDS
(17–20), even in the absence of concom-
itant acute lung injury (21).

Lung-protective ventilation strategies
also result in attenuation of the release of
inflammatory mediators (22), consistent
with the concept that lung injury result-
ing from mechanical ventilation is an-
other important trigger for the complex
inflammatory response that underlies the
development of the multiple organ dys-
function syndrome (23). Experimental
studies reveal that injurious mechanical
ventilation strategies not only trigger in-

Figure 1. The natural history of critical illness after intensive care unit admission is the product of the
interaction between the inciting insult, the endogenous response of the host, and the exogenous
response of the treating team. Each shapes the further evolution of illness. The insult is fixed and an
event is in the past; the response is dynamic and modifiable. Although pharmacologic modulation of
the host response is plausible, modulation of the response of the doctor through studies whose focus
is minimizing the adverse sequelae of intensive care unit support is a fertile area for investigation and
process improvement.
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flammatory mediator release but also re-
sult in the apoptosis or programmed cell
death of renal epithelial cells in associa-
tion with impairment of renal function
(24).

The mechanisms through which pos-
itive pressure ventilation induces lung in-
jury are incompletely understood but are
almost certainly multifactorial. Positive
pressure ventilation alone activates tran-
scription factors associated with proin-
flammatory gene expression (25), and
mechanical stretch of pulmonary micro-
vascular endothelial cells triggers their
release of interleukin-8, a potent che-
moattractant for neutrophils (26). Lung
injury is further exacerbated by overdis-
tention and, presumably, by hypoxia re-
sulting from focal areas of atelectasis
(27). Furthermore, rodent studies have
shown that ventilation with a large tidal
volume induces cholesterol-dependent
surfactant dysfunction (28). Hyperoxia
(29), altered local antioxidant defenses
(30), and even endotoxin in the inhaled
gas (31) may further contribute to injury
and the activation of a local inflammatory
response. Interestingly, ventilator-in-
duced lung injury appears to require in-
tact signaling through toll-like receptor 4
(32), a canonical pattern recognition re-
ceptor that not only confers sensitivity to
endotoxin but also is activated in re-
sponse to substances such as oxidized
phospholipids (33) and other products
that are released after tissue injury (34).

In its earliest phases, the clinical syn-
drome of ARDS arises from the effects of

fluid resuscitation in the setting of al-
tered pulmonary capillary permeability,
but successful resuscitation and support
introduce an entirely new and entirely
iatrogenic element—injury induced by
the effects of the mode of ventilatory sup-
port. Recognition that the treatment has
become a component of the disease opens
the door to supportive strategies that may
minimize the inadvertent damage associ-
ated with ICU support, strategies such as
neurally assisted ventilatory assist (35) or
high-frequency oscillation (36). This con-
ceptual model has been best elaborated in
understanding the pulmonary derange-
ments of multiple organ dysfunction syn-
drome but applies to other systems as
well.

Cardiovascular Dysfunction:
Fluids and Vasoactive Agents

Like the institution of ventilatory sup-
port, fluid resuscitation and hemody-
namic stabilization are fundamentally
important in enabling immediate survival
from a variety of life-threatening insults
(37, 38). In the same way, hemodynamic
resuscitation shapes the subsequent iat-
rogenic course of critical illness.

Hemorrhage or dehydration impair
oxygen delivery to tissues by reducing
intravascular fluid volumes. However, the
hemodynamic defect in acute illness is
usually more complex than a simple de-
ficiency of intravascular volume. Alter-
ations in capillary permeability, in vascu-
lar resistance, and in microcirculatory

flow create a more complex state for
which simple replacement strategies may
be insufficient. In some clinical circum-
stances, the impact is intuitively obvious.
For example, aggressive resuscitation of
patients with penetrating trauma can
worsen clinical outcomes by promoting
further uncontrolled bleeding (39);
therefore, hypotensive resuscitation may
be more appropriate. In other circum-
stances, the inadvertent consequences
of hemodynamic support are less pre-
dictable.

Aggressive fluid resuscitation in the
face of altered microvascular permeabil-
ity results in increased extravascular wa-
ter, and the increased distance across
which oxygen must diffuse leads to tissue
hypoxia. Tissue edema may be an inevi-
table consequence of adequate early re-
suscitation, but there is evidence that
fluid restriction reduces the duration of
mechanical ventilation and ICU stay in
patients with acute lung injury (40). The
benefits of conventional resuscitation
protocols are dependent on the timing of
their implementation, with benefit evi-
dent early during the course of hemody-
namic instability (37, 41), although not
when the protocol is instituted later dur-
ing the ICU course (42). How the selec-
tion of resuscitative fluid might result in
differential benefit or harm is still con-
troversial and likely varies with the na-
ture of the underlying insult. Overall, in a
heterogeneous population of ICU pa-
tients, there was no obvious benefit for
albumin over saline as the resuscitative
fluid (43). Within this heterogeneous
group of patients, however, albumin ap-
pears to benefit patients whose underly-
ing diagnosis is sepsis, but it appears to
harm those with traumatic brain injury
(44). Furthermore, certain synthetic col-
loids are associated with an elevated risk
of renal dysfunction (45).

Vasoactive agents are commonly ad-
ministered with the intent of increasing
tissue oxygen delivery, but the biological
plausibility is far from established and the
clinical benefits are unproven. Studies in
patients with septic shock show that in-
creasing mean arterial pressure with va-
sopressors often increases cardiac output
and has no effect on oxygen delivery, lac-
tate levels, or renal function (46, 47).
Rather, the net consequences of elevating
blood pressure by increasing peripheral
resistance may be reduced tissue blood
flow and clinical harm. Zakrison et al
(48), for example, found that, indepen-
dent of the blood pressure target, patients

Figure 2. Computed tomography manifestations of the acute respiratory distress syndrome. What
appears as diffuse patchy infiltrates on a plain chest radiograph is revealed to be inhomogeneous areas
of posterior collapse and consolidation (black arrow) and anterior cystic injury (white arrow), which
are the consequence of nursing in the supine position and overdistending the lung during mechanical
ventilation.
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who received vasopressor agents after in-
testinal reconstruction had a higher rate
of anastomotic leaks. A randomized trial
of L-NMMA, a potent vasopressor by vir-
tue of its ability to inhibit inducible nitric
oxide synthase, showed that targeting in-
creased blood pressure in septic shock
resulted in increased mortality (49).
Other strategies to increase oxygen deliv-
ery, including the use of inotropic agents
(50) and blood transfusion (51), have also
been associated with net clinical harm.
Vasopressor use has been identified as an
independent risk factor for the develop-
ment of deep venous thrombosis in crit-
ically ill patients (52).

The fact that harm has been demon-
strated in a number of studies of resusci-
tation in critical illness in no way chal-
lenges the fundamental concept of
resuscitation; however, it does argue for
more sophisticated and nuanced strate-
gies. For example, mean arterial pressure
is commonly used as both a diagnostic
marker of inadequate tissue perfusion
and a target for resuscitation. However,
pressure is being measured as a surrogate
for flow and, given the mathematical re-
lationship between pressure, resistance,
and flow, a comparable flow can be
achieved at a lower pressure when resis-
tance is reduced as it is in sepsis.

Renal Dysfunction: Toxins and
Altered Splanchnic Flow

Acute kidney injury is a complication
of renal ischemia and of exposure to a
variety of nephrotoxic agents, including
medications and radiocontrast materials

(53). Other specific etiological factors are
less well-characterized, although a body
of evidence suggests that renal failure
results from the apoptotic death of renal
epithelial cells (54), and experimental
data show that renal epithelial apoptosis
can be induced by injurious mechanical
ventilation (24).

Aggressive fluid resuscitation can also
induce inadvertent renal failure. In-
creased interstitial edema with a result-
ing loss of compliance of the abdominal
wall is an important contributing factor
to the abdominal compartment syn-
drome; the consequent elevation in intra-
abdominal pressures, by impeding ve-
nous return from the kidney, can reduce
renal perfusion pressure (55).

Neurologic Dysfunction:
Sedatives, Analgesics, and
Paralytics

Sedative and analgesic agents are the
most commonly used medications in the
ICU; their use alleviates pain and anxiety
but is also implicated in preventable iat-
rogenic complications of critical illness.
Individual agents have well-recognized
adverse consequences, for example, bra-
dycardia and acidosis as elements of the
propofol infusion syndrome (56), adrenal
insufficiency as a consequence of etomi-
date (57), and delirium as a result of
benzodiazepine use (58).

Beyond these specific effects, overse-
dation poses the additional iatrogenic
risks of prolonged dependency on ICU
supportive care and its associated mor-
bidity (59). Liberation from mechanical

ventilation is delayed and has the atten-
dant risk of ventilator-induced lung in-
jury, and the cough reflex is suppressed,
predisposing to microaspiration and ven-
tilator-associated pneumonia. Indepen-
dent of the agents used, sedation strate-
gies that deliberately seek to expedite
weaning are associated with improved
clinical outcomes (60).

Immunologic Dysfunction:
Disruption of Normal Host
Microbial Homeostasis

Disruptions in normal host microbial
homeostasis are among the most pro-
found but least understood iatrogenic al-
terations in critical illness. In health, the
human body is colonized by a complex
indigenous microbial flora that is in inti-
mate association with mucosal surfaces.
Bacteria of the indigenous flora outnum-
ber host cells by a factor of 10 to 1 (61),
comprise in excess of 1000 distinct mi-
crobial species (62), and exert potent in-
fluences on normal development and
function.

Critical illness is associated with
profound alterations in the composi-
tion, invasiveness, and virulence of the
indigenous gut flora. Alterations in col-
onization patterns of the proximal gut, an
area that is normally sterile, are particu-
larly prominent. The colonizing species
are the same organisms that are respon-
sible for nosocomial ICU-acquired infec-
tion (63, 64), and abnormal colonization
is associated with a greater severity of
organ dysfunction and an elevated mor-
tality risk (Fig. 3). At the same time, the

Figure 3. Proximal gut overgrowth in critical illness. Quantitative cultures from the stomach, duodenum, and proximal jejunum of a cohort of critically
ill patients reveal significant overgrowth with the same flora that predominate in intensive care unit (ICU)-acquired infections, and patients with such
colonization (A) have more severe organ dysfunction than those colonized with other species (*p � .05). (B) The ICU mortality rate for patients colonized
with either Pseudomonas or Enterococcus was significantly higher than that for patients not so colonized (black bars, colonized patients; clear bars,
patients who were not colonized with the particular organism; *p � .05). Data from Marshall et al (64). S. epidermidis, Staphylococcus epidermidis;
S. fecalis, Staphylococcus fecalis.
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diversity of the fecal flora is reduced (65).
Observational data suggest that alter-
ations in the composition of the proximal
gut flora can result in invasive infection
either through the aspiration of colo-
nized gut secretions or through the pro-
cess of bacterial translocation across an
intact gut mucosa. Further evidence for a
truly pathogenic role of altered gut flora
in critical illness derives from studies of
selective digestive tract decontamination;
systematic review of the results of ap-
proximately 50 trials reveals that inhibi-
tion of proximal gut colonization with
aerobic Gram-negative organisms and
fungi can reduce the risk of nosocomial
infection, the severity of organ dysfunc-
tion, and, ultimately, the risk of mor-
tality (66).

Iatrogenic factors that may predispose
to altered gut colonization and increased
rates of bacterial translocation include
the use of antacids, H2 antagonists, and
proton pump inhibitors, lack of enteral
feeding, and the use of broad-spectrum
antimicrobial agents. Sedation and the
supine position predispose to microaspi-
ration (67).

There is also experimental evidence
that altered gut colonization can induce
systemic changes in immunologic and
metabolic homeostasis. Gut colonization
with Gram-negative bacteria (68) and
portal venous, but not systemic, infusion
of killed Gram-negative bacteria (69) in-
duce manifestations of immune suppres-
sion characteristic of critical illness. Por-
tal endotoxemia also induces evidence of
a systemic hypermetabolic state (70),
whereas parenteral nutrition results in an
amplified systemic response to endotoxin
challenge in healthy volunteers (71).

Other Iatrogenic Determinants
of the State of Critical Illness

Multiple other potentially lifesaving
interventions can contribute to the devel-
opment of organ dysfunction in the crit-
ically ill patient, and to the phenotype of
critical illness. A comprehensive catalog
is beyond the scope of this review, but
several merit special mention.

Blood transfusion has been indepen-
dently associated with increased organ
dysfunction in critically ill patients (51,
72). Transfusion is a potent stimulus for
inflammatory gene expression after
trauma (73, 74). The administration of
fresh-frozen plasma has also been linked
to ARDS and an increased risk of organ
dysfunction (75). Total parenteral nutri-

tion has been associated with liver dys-
function in the critically ill patient (76),
as well as with an increased risk of nos-
ocomial infection (77). Finally, even reli-
giosity and variability in the approach to
end-of-life care can modify the phenotype
of illness in the ICU by sustaining or
limiting interventions such as ventilation
or feeding (78).

Iatrogenesis in the ICU:
Implications for Research and
Clinical Care

Characterization of critical illness as
an iatrogenic process is not simply soph-
istry, i.e., a clever but ultimately trivial
way of thinking about a complex process.
Some elements of iatrogenesis are readily
recognized and easily modifiable. Process
changes can minimize or eliminate er-
rors associated with the administration of
medications (79). The development of
checklists and management bundles can
reduce the morbidity associated with pro-
cedures such as central line insertion
(80) or the management of more complex
disorders such as sepsis (81). However,
the implications of an iatrogenic model of
critical illness are much more fundamen-
tal. Recognition that the very nature of
critical illness is the end-product of de-
liberate clinical decisions suggests the
need for nuanced changes in approaches
to description, management, and preven-
tion that might minimize harm and im-
prove clinical outcomes.

Iatrogenesis and the taxonomy
of critical illness

Whereas critically ill patients vary
widely in the spectrum of illnesses that
lead to their admission to an ICU, their
clinical phenotypes and the spectrum of
possible interventions that arise after ad-
mission are much more constrained.
Whether the admitting illness was necro-
tizing pancreatitis, multiple trauma,
variceal bleeding, endocarditis, or throm-
botic thrombocytopenic purpura, the
spectrum of interventions directed at the
underlying cause is limited, and the focus
on ICU decision-making lies with the op-
timal support of the patient—how to op-
timize hemodynamic status, accelerate
weaning from the ventilator, provide best
nutritional support, maximize comfort,
and prevent and manage nosocomial in-
fection. Treatment implies the capacity to
intervene in the pathologic sequence of
events that is responsible for a disease,

whereas support describes the spectrum
of interventions that sustain survival or
minimize discomfort while the treatment
is proceeding or the illness is resolving
spontaneously. The focus on ICU care is
support rather than treatment. It follows
that the conditions we treat are condi-
tions shaped by this support, rather than
by the proximate cause. Yet we lack the
taxonomic clarity to differentiate these,
and so we lack the necessary conceptual
clarity to define optimal treatment and
optimal support.

As an example, the syndrome of ARDS
is defined on the basis of an arbitrary
level of hypoxemia, a nonspecific pattern
of changes on the chest radiograph, and
some assurance that these are not a con-
sequence of cardiac failure (82). The pre-
disposing clinical setting is diverse, and
the pathologic processes responsible for
the clinical phenotype vary over time.
Enhanced pulmonary capillary perme-
ability and neutrophil influx predominate
in the early phases, whereas the sequelae
of added ventilator-mediated injury and
fibrosis and tissue repair shape the later
stages. A definition that focuses on the
consequences for the lung and that fails
to encompass the differential pathologic
processes evolving over time also fails to
adequately stratify patients who might
benefit from interventions to alter the
early permeability changes in some cases
or prevent the later sequelae in other
cases.

Equally, a failure to differentiate a
pathologic state from the clinical deci-
sion that is made to treat that state risks
conflating disease and clinical decision-
making; therefore, it potentially obscures
modifiable behaviors that can alter the
course of illness. It is common, for exam-
ple, to speak of the “need” for mechanical
ventilation or vasopressor support, al-
though the benefits of intervention are
established and unassailable. Decisions
about ventilatory support or the use of
vasoactive medication are clinical deci-
sions based on a limited evidentiary
knowledge base, whose benefits for the
patient are not known. Convention dic-
tates that in patients with severe sepsis
and septic shock, we should increase the
mean arterial pressure to 65 mm Hg with
the use of vasopressors (83), but this is a
matter of clinical habit, not intrinsic pa-
tient need, and it remains unproven what
is the optimal blood pressure to maxi-
mize survival and whether the level is the
same in all patients. And when we mea-
sure organ dysfunction using the level of
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treatment as the measure of severity, as
occurs, for example, when vasopressor
use is the measure of cardiovascular dys-
function (84, 85), we may confuse intrin-
sic patient severity with suboptimal and
modifiable clinical practice.

Iatrogenesis and the
management of the critically
ill patient

If iatrogenic factors are an important
determinant in the course of critical ill-
ness, then it follows that minimizing iat-
rogenic injury is a key objective of clini-
cal care. In the simplest formulation,
iatrogenic injury can be reduced by min-
imizing exposure to ICU interventions by
minimizing sedation, by liberating the
patient from ICU support, and by dis-
charging the patient from the ICU as ex-
peditiously as possible. It can be argued
that the primary goal of ICU care is to get
the patient out of the ICU and in as brief
a time as possible, ideally alive, but if
survival is overwhelmingly improbable
then with a death that is as dignified and
consistent with patient and family wishes
as possible (86).

Just as there is no intrinsic need for
specific ICU interventions, so there is no
compelling reason to target normalcy in
supporting the critically ill patient. Ample
evidence in multiple differing domains sug-
gests that normal values may be subopti-
mal in the critically ill patient. Thus, tar-
geting more normal levels of hemoglobin
(51), glucose (87), or carbon dioxide and
tidal volume (19) are all associated with
worse clinical outcomes. A priority for ICU
clinical research is to define the difference
between normal and optimal physiology in
the critically ill patient.

Prophylaxis of iatrogenic
morbidity in the critically
ill patient

Perhaps the most important implica-
tion of viewing critical illness through
the prism of iatrogenic complications is
that these are potentially preventable; de-
fining optimal prophylactic strategies is a
clear priority for clinical research. The
prevention of iatrogenic complications
implies that the primary focus on ICU-
based research might be the minimiza-
tion of harm, rather than the optimiza-
tion of benefit—a subtle but important
shift in research approach. The scope of
such an approach is broad. How do we
balance patient comfort against the ad-

verse effects of sedation, optimize the
benefits of antibiotics while minimizing
such consequences as superinfection and
resistance, or support the circulation
while minimizing the contrasting harms
of vasoconstriction and fluid overload?
Metrics that better reflect the evolution
of new iatrogenic change after ICU ad-
mission are central to detecting harm,
and organ dysfunction scores— calcu-
lated as new-onset organ dysfunction
over time or delta scores (88)—hold the
promise of serving this role, although the
methodology of such scores is still under-
developed (89).

A research focus on minimizing harm
associated with the spectrum of ICU in-
terventions, rather than on introducing
and evaluating novel technologies, will
have minimal traction with the pharma-
ceutical or device industries, and so these
investigations will go to investigator-led
clinical trials groups. More than a dozen
such groups are active around the planet
and have recently come together in a
collaborative research effort to under-
stand the epidemiology and optimal man-
agement of severe H1N1 infection (90).
Given the substantial costs and morbidity
associated with critical illness, it will be
incumbent on peer-reviewed funding
agencies and other public bodies to en-
sure that funding is available for the rig-
orous evaluation of evolving critical care
practice.

CONCLUSIONS

The construct of disease carries an in-
herent sense of fatalism and inevitability.
A disease can be understood as a process
of deranged physiology or function, often
having an identifiable cause (and so being
amenable to preventive measures) but
clearly representing a pathologic state
that is distinct from that of other dis-
eases. Critical illness and its syndromic
manifestations—ARDS, sepsis, and organ
dysfunction—are not inevitable but de-
liberate; they are not so much diseases as
consequences of increasingly aggressive
medical and surgical interventions. Their
prevention or management requires an
understanding of the elements of medical
commission that shape their emergence.
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