
Editorials

Echoes of the past?*

T he hemodynamic abnormali-
ties of sepsis, and their appro-
priate treatment, are familiar
to caregivers in the intensive

care unit (ICU) and the emergency de-
partment. The key is early recognition,
resuscitation with fluids and vasopressors
if required, and treatment of the under-
lying cause. This approach is the basis of
the hemodynamic management guide-
lines of the Surviving Sepsis Campaign
(1), and of the campaign’s 6-hr resuscita-
tion care bundle. Yet, this consensus
hides fundamental difficulties that be-
devil our ability to improve care, espe-
cially for patients who do not stabilize or
reverse their shock after initial resuscita-
tion and require more advanced and pro-
longed support. Once into this second
phase, agreement disappears as to the
most appropriate hemodynamic monitor-
ing techniques, the correct targets and
end points of treatment, and even which
fluids and vasoactive drugs to give. Prac-
tice varies internationally, with a prefer-
ence for crystalloid resuscitation in the
United States, and greater use of artificial
colloids in Europe, although the results
of recent large studies (2, 3) mean that
these patterns are in a state of flux. There
are also differences in the hemodynamic
monitoring used to guide therapy, and
therefore the paradigms of care. In gen-
eral terms, there is a greater reliance on
filling pressures in the United States, and
a more “mixed economy” in Europe, with
various flow and volume measurement
techniques (transpulmonary thermodilu-
tion, arterial pulse wave analysis, esoph-
ageal Doppler) more widely employed.
There is general agreement about the im-
portance of using volume challenges and
demonstrating volume responsiveness,
but less clarity about the best way of

doing this. This variation in practice pos-
sibly is due to the gaps that still exist in
our fundamental understanding of the
pathophysiology of sepsis, because accu-
rate description of complex physiology in
the ICU remains a challenge.

It is against this challenging back-
ground that Dr. Viellard-Baron and col-
leagues (4) publish their intriguing study
of the incidence of left ventricular hypo-
kinesia in septic shock in this issue of
Critical Care Medicine. They assessed 67
patients with septic shock on a daily basis
for the first 3 days of ICU admission using
echocardiography and again after wean-
ing from vasoactive support in those who
recovered. Patients were treated with
standard supportive therapies, with fluid
resuscitation being guided echocardio-
graphically using the pattern of respira-
tory cycle flow variation in the superior
vena cava during mechanical ventilation,
an approach that the authors have previ-
ously validated, and initial vasopressor
support with norepinephrine. They found
that primary global hypokinesia (defined
as a left ventricular ejection fraction de-
rived from the long axis view of �45%)
was present in 26 patients (39%), and
that secondary global hypokinesia (de-
fined similarly, but occurring in patients
whose initial study was within the normal
range) developed in a further 14 patients
(21%). In these patients, dobutamine was
added and the norepinephrine dosage re-
duced, with epinephrine also used if hy-
potension persisted. Nonsurvivors had a
significantly higher cardiac index on day
1 than survivors (3.8 � 1.3 vs. 3.1 � 0.9,
p � .017), although this difference disap-
peared subsequently, but the authors
found no convincing evidence of differ-
ences between ejection fraction, left ven-
tricular (LV) end-diastolic volume (EDV),
or ventricular elastance (estimated by the
relationship between systolic arterial
pressure and left ventricular end-systolic
volume). The authors therefore conclude
that left ventricular global hypokinesia is
common in severe sepsis, that its pres-
ence does not discriminate between sur-
vivors and nonsurvivors, that its develop-
ment may be influenced by the use of
norepinephrine via an increase in left

ventricular afterload, and that it responds
to and is a possible indication for an ino-
trope such as dobutamine.

Why are these findings important?
Certainly, this is not the first paper to
describe the high incidence of global LV
dysfunction in severe sepsis; indeed, the
same authors do exactly this in their
larger previous series (5), reporting
broadly similar hemodynamic patterns to
those that they document on this occa-
sion. What is different is the lower mor-
tality in their current series, which may
be expected given the general improve-
ments in supportive care that have oc-
curred over the last decade, and the fact
that they no longer observe the pattern of
higher LVEDV and lower LV ejection frac-
tion in nonsurvivors as compared with
survivors that they saw in their first
study. The association between severe
sepsis and LV dysfunction characterized
by ventricular dilation has been known
since the work of two pioneering critical
care research groups in the 1980s. Dr.
Calvin and colleagues (6) demonstrated
decreased ejection fraction and increased
LVEDV using electrocardiogram-gated
radionuclide cineangiography in 1982.
Dr. Parker and colleagues (7) expanded
this work in 1984 to demonstrate that the
pattern of LV dilation and decreased ejec-
tion fraction was characteristic of survi-
vors recovering after several days and in-
troduced the concept of adaptive LV
dilation as a mechanism by which a heart
with a reduced ejection fraction could still
maintain an adequate stroke volume. It is
this later concept that Dr. Viellard-Baron
and colleagues are now challenging.

Were the early radionuclide studies
wrong? Certainly, technology has moved
on considerably since that time, and high
quality bedside echocardiography is now
available in most ICUs, although usually
for traditional diagnostic assessment
rather than as a bedside monitor to guide
treatment. This latter approach is becom-
ing more common as more ICUs acquire
the technology, and as training schemes
for ICU physicians develop, and the au-
thors’ unit is a pioneer of this approach.
There are also doubts as to the accuracy
of the method used by Dr. Parker and
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colleagues for generating absolute values
for LVEDV, because they derived stroke
volume from thermodilution cardiac out-
put studies using a pulmonary artery
catheter and ejection fraction from the
radionuclide studies, then combined the
two to back-calculate end-diastolic and
end-systolic volumes. However, even with
high-quality modern echocardiographic
equipment, Doppler flow estimates from
the LV outflow tract and the difference in
ventricular volumes in systole and dias-
tole give different values for stroke vol-
ume, and these inconsistencies raise
doubts about the conclusions of echo-
based studies such as this in the minds of
non–echocardiography intensivists more
used to conceptualizing hemodynamics
using standard ICU monitoring technol-
ogies. In any event, unlike the current
study, the authors’ prior study did find a
higher LVEDV in nonsurvivors. Just to
confound the situation further, a recent
study of patients with severe sepsis pre-
senting to the emergency room (8) found
that a hyperdynamic left ventricle, as ev-
idenced by an increased ejection fraction,
was highly specific for severe sepsis, al-
though the degree of echocardiographic
detail provided is limited. So what is the
hemodynamic truth in severe sepsis—
hyperkinetic (usually associated with va-
sodilatation) or hypokinetic? Indeed, is
there a single characteristic pattern, or is
the situation more complex?

There is another fundamental prob-
lem with studies that characterize sepsis
in terms of a specific hemodynamic pro-
file. This is the idea that there are dichot-
omous categories that patients with se-
vere sepsis can be classified into; in this
instance, either ventricular hypokinesia
or not. In fact, the examinations within
the authors’ current paper are point as-
sessments in time along a physiologic
continuum, when “time zero” is often
unclear. The more extreme disease man-
ifestations, perhaps including adaptive
ventricular dilation, probably only occur
in some patients some of the time, so
applying group analysis to these physio-
logic phenomena risks missing individual
events, and also losing the opportunity to
understand them. Furthermore, in severe
sepsis hemodynamics also are influenced
by fluid loading, vasopressor and inotrope
use, and host response. Weaknesses in all
our current monitoring technologies
make it impossible to be certain that pa-
tients have been treated precisely the
same, however hard the authors try to
standardize these factors. So whether

adaptive LV dilation really does occur,
how often and in whom, and what it
means is less important than recognizing
that ventricular hypokinesia is common-
place and knowing when it is present.
This means using a bedside monitoring
technology that allows its detection; i.e.,
making echocardiography much more
readily available in the ICU.

The other issue is the potential thera-
peutic consequence of this study’s find-
ings. The Surviving Sepsis Campaign
guidelines recommend the use of dobut-
amine as an inotrope in severe sepsis
(grade 1C) in the presence of myocardial
dysfunction as suggested by elevated car-
diac filling pressures and low cardiac out-
put (1). Unfortunately, in their current
study, the authors do not provide any
filling pressure data, and it is not clear if
they used the central venous pressure at
all in the management of this patient
group, although in their previous study
that found differential ventricular kinet-
ics between survivors and nonsurvivors
they fluid-loaded patients to a central ve-
nous pressure of 12 mm Hg. There has
been debate as to the value of filling pres-
sures as a reliable guide to fluid therapy
in sepsis, and this area remains highly
controversial. All patients in the current
study also showed relative preservation of
cardiac index, with values of at least
about 3 L/min/m2, so would not neces-
sarily have qualified for dobutamine ther-
apy according to Surviving Sepsis Cam-
paign criteria. When they were given
dobutamine at 5.4 � 1.7 �g/kg/min, pa-
tients demonstrated significant increases
in ejection fraction, but not in cardiac
index or changes in LVEDV. The situation
was made more complex by a concomi-
tant reduction in norepinephrine dose
from 0.8 � 0.7 �g/kg/min to 0.5 � 0.5
�g/kg/min. These are high doses of nor-
epinephrine, and a relatively low dose of
dobutamine, and it is impossible to know
whether the hemodynamic changes are
due to dobutamine, or to norepinephrine
reduction, or their influence on outcome,
which the authors acknowledge. Even if
these data are interpreted as suggesting
that inotropic therapy should be used
more widely in severe sepsis, other data
suggest that dobutamine may not neces-
sarily be the optimum inotrope (9).

What does this study mean for routine
practice? Ventricular hypokinesia is a fre-
quent phenomenon in severe sepsis, but
requires bedside echocardiography in the
ICU to be readily detected and quantified.
Filling pressures or volumes and cardiac

output measurement alone are not ade-
quate to describe fully the hemodynamic
defects of sepsis. Nor is echocardiogra-
phy, in spite of the authors’ enthusiasm,
because it is not a continuous monitoring
technique but an intermittent measure-
ment technique with a degree of subjec-
tivity. It does, however, provide direct
visualization of the response to therapy
that no other technology allows. Perhaps
it is time for us to learn from neurosur-
gical critical care, and make a virtue of
the individual shortcomings of specific
monitoring approaches by actively favor-
ing a multimodal approach that com-
bines the different technologies to allow
us to describe and ultimately treat these
complex patients more effectively than
we manage to do at present.

Richard Beale, MB, BS
Guy’s and St Thomas’

Hospital NHS Foundation
Trust

London, UK
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Growth hormone to catabolic patients revisited*

T he muscle protein depletion
associated with critical illness
and in particular multiple or-
gan failure is one of the major

challenges in intensive care medicine.
Adequate nutrition attenuates the deple-
tion, but nutrition is not sufficient to
counteract the catabolic processes. De-
spite nutritional support, the protein loss
from leg muscle amounts to 10% per
week (1). In parallel to the protein losses,
there is a free glutamine depletion (2, 3),
although the efflux of free glutamine from
skeletal muscle is moderately increased (4).
The low plasma concentration of glutamine
is an independent predictor for mortality in
septic shock patients (5), and an extra sup-
ply of glutamine has been demonstrated
to decrease mortality in multiple organ fail-
ure patients requiring parenteral nutrition
(6–8).

The well-known anabolic effect of
growth hormone was recognized previ-
ously (9) as a potential agent to counter-
act muscle protein depletion in critical
illness. Shortage of growth hormone lim-
ited the exploration of this possibility, but
when recombinant growth hormone be-
came available, a number of encouraging
case reports were published (10, 11). In
mechanistic studies, a stimulation of
skeletal muscle protein synthesis rate and
an attenuation of muscle free glutamine
depletion were reported (12–14). A con-
siderable optimism arose, although con-
cerns were raised about the potential
danger of suppressing endogenous glu-
tamine production (15) as well as the
insufficient knowledge of the effects of
the pharmacologic doses of growth hor-
mone that were used (16). A phase III
multicenter study treating mechanically
ventilated intensive care unit (ICU) pa-
tients with pharmacologic doses of
growth hormone was launched (17). At

an interim safety control, an elevated
mortality rate in the treated patients was
found. Overnight the enthusiasm was
gone and ongoing studies were stopped.

A number of possible explanations for
the disastrous result of the phase III trial
were suggested, such as elevation of the
concentration of free fatty acids in plasma
resulting in cardiac toxicity and arrhyth-
mias, shortage of glutamine as indicated
previously, and immunodepressive ef-
fects. Thorough scrutiny of the clinical
report forms from the phase III study
does not provide any clear-cut clues to
the mechanism behind the excess mor-
tality rate. The mortality was evenly dis-
tributed over time related to the initia-
tion of therapy as well as in relation to
the total length of ICU stay. Cause of
death was not different between the con-
trols and the treatment group.

Following the publication of the phase
III study, there has virtually been a total
absence of clinical studies involving
growth hormone in catabolic patients.
Therefore, it is extremely welcome that
investigators have come back to the idea
of growth hormone substitution as a pos-
sible mechanism to overcome the deple-
tion of muscle proteins in critical illness.
A working group from the Czech Repub-
lic has chosen an approach with which
they mimic the physiologic endogenous
secretion pattern for growth hormone us-
ing intravenous pulses (18). Further-
more, in the experimental setup the in-
vestigators supplement their patients
with exogenous glutamine intravenously,
to compensate for any decrease in endog-
enous glutamine production. As a result,
Dr. Duška and colleagues (19) were able
to demonstrate an improved nitrogen re-
tention in a model study involving me-
chanically ventilated trauma patients in
the ICU, published in this issue of Critical
Care Medicine.

This study represents an important re-
vival of the idea that hormonal stimula-
tion of muscle protein metabolism may
be a possibility in the future when the
risks involved with growth hormone
therapy are identified and controlled. The
effects of growth hormone on glucose
hemostasis necessitate a close surveil-

lance of blood glucose. Furthermore, the
effect of growth hormone on endogenous
glutamine production should be sepa-
rately elucidated, and it is recommended
that in clinical studies plasma glutamine
concentration be normalized (to �0.5
mmol/L) by exogenous supplementation.
In the present study the exogenous sup-
plementation was only sufficient to pre-
vent a further decrease in plasma glu-
tamine concentration. It is even possible
that a normalization of plasma glutamine
concentration will facilitate blood glu-
cose control, as it is reported that exog-
enous glutamine supplementation de-
creases insulin resistance (20).

The study by Dr. Duška and colleagues
(19) is an important step forward after
the total silence in the field of clinical
research over the effects of growth hor-
mone as a possible therapeutic agent in
catabolic states.

Jan Wernerman, MD, PhD
Intensive Care Medicine
Karolinska University Hospital

Huddinge
Stockholm, Sweden
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Insights from PAC-Man on flow-monitoring devices: Curb
your enthusiasm*

I n the past few years, a number of
large, well-conducted, clinical tri-
als have cast doubt on or dis-
proved the effectiveness of com-

monly employed interventions for
critically ill patients, each of which was
supported by strong physiologic rationale
and investigation. Examples include the
use of albumin for resuscitation (1), cor-
ticosteroids for traumatic brain injury (2)
or septic shock (3), and nitric oxide for
hypoxemic respiratory failure (4). The
precise benefit of intensive insulin con-
trol in a heterogeneous population of
critically ill patients is uncertain (5), and
the use of activated protein C in severe
sepsis is being reevaluated in another
large multicenter trial (6).

Perhaps the mother of all controversies
in critical care over the past 2 decades has
revolved around goal-directed therapy and

the role of the pulmonary artery catheter
(PAC). A number of randomized controlled
trials and observational studies have not
found a benefit in clinical outcomes when
pulmonary catheters have been used to di-
rect intravenous fluid and hemodynamic
support among high-risk surgical patients
or those with acute lung injury or sepsis
(7–11). Accordingly, we have seen a dra-
matic decrease in pulmonary artery cathe-
ter use in the United States over the past
15 yrs (12). Adding insult to injury is the
potential for increasing risk of misuse,
side effects, and harm if the skill of pul-
monary artery catheter insertion and data
interpretation is lost through waning ex-
perience (13).

The PAC-Man study was a large prag-
matic trial of pulmonary artery catheter-
ization or not for critically ill patients
that took place in 65 intensive care
units (ICUs) in the United Kingdom.
Unlike the ARDS Network Fluid and
Catheter Treatment Trial (FACTT), PAC-
Man did not use prescribed management
algorithms in the treatment or control
arm of the trial. The primary objective
was to compare hospital mortality and
pulmonary artery catheter use. However,
nearly 80% of ICUs enrolling patients de-
cided, a priori, to use an alternative car-

diac output measurement device in the
control arm, such as Doppler ultrasonog-
raphy, or indicator dilution techniques of
PiCCO and LiDCO. Hence, PAC-Man did
not compare pulmonary artery catheter-
derived cardiac output and vascular pres-
sure measurement with no cardiac out-
put measurement but rather compared
pulmonary artery catheter use vs. a fre-
quently less invasive flow measurement
strategy (11).

In this issue of Critical Care Medicine,
Dr. Harvey and colleagues (14) present a
post hoc analysis of the PAC-Man trial,
providing descriptive information on pa-
tients and exploring important subgroups
that were considered for management
with a pulmonary artery catheter or al-
ternative flow-measuring device. The au-
thors specified these subgroups and the
analytic method after initial trial results
were known. Cox proportional hazards
modeling was used for time-to-event
analyses and multilevel logistic regres-
sion was used for other evaluations to
make comparisons between groups re-
ceiving different flow-monitoring strate-
gies or not and to adjust for differences in
measured potential confounders.

After stratifying for time from ICU ad-
mission to randomization, age, severity of
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illness, surgical status, the use of other
flow-monitoring devices, and ICU and
hospital characteristics, the authors
found no difference in hospital survival
among patients managed with a pulmo-
nary artery catheter compared with an-
other cardiac output monitoring device.
The only exception was among scheduled
postoperative patients admitted to ICU
within whom pulmonary artery catheter-
ization had a significant hospital survival
benefit. However, we should be cautious
in the interpretation of results from one
small subgroup among a large number of
comparisons, on which no adjustments
in the required p value to denote signifi-
cance have been made. It is difficult to
imagine the mechanism that would un-
derlie this benefit.

The main strength of the current
study is that it addresses a very important
comparison not extensively examined in
the main PAC-Man publication. Because
use of an alternative flow-measuring de-
vice may have been a postrandomization
decision for patients enrolled in PAC-
Man, the benefits of randomization in
allocating nonintervention characteris-
tics equally among the two groups is lost,
and the authors must therefore rely on
multivariable modeling to adjust for the
recognized and measured potential con-
founding variables. Although the authors
did their best to remove the influence of
such variables from their analysis, it is
possible that unrecognized or unmea-
sured confounders still conspire to make
the two patient groups different and thus
the comparisons inconclusive. The other
chief limitation of this study is its post
hoc nature and the risk that in asking a
number of questions, associations will be
found, or not, by chance alone.

Should we be surprised that the PAC-
Man investigators did not find benefit in
use of either pulmonary artery catheter
or other flow-measuring devices? In the

absence of an incrementally effective
treatment strategy that is aided by flow-
measuring device information, it is diffi-
cult to believe that such devices should
affect outcome. For example, if we did not
have effective medications, such as
�-blockers, angiotensin-converting en-
zyme inhibitors, and receptor blockers, to
treat congestive heart failure, would the
use of echocardiography alone to diag-
nose left ventricular function be associ-
ated with improved patient outcomes? It
is unlikely that other devices, providing
similar (or less) physiologic information
about cardiac output and vascular pres-
sures than do pulmonary artery cathe-
ters, will prove more effective. We should
be prudent in employing expensive diag-
nostic-therapeutic strategies without
documented clinical benefit. We should
also likely temper our enthusiasm for re-
peating such difficult, expensive, and im-
portant trials, using end points of mor-
tality, with each next generation of
similar technology in the absence of ad-
vances in therapy.

Mauricio Ferri, MD
Robert A. Fowler, MD, MS(Epi)

Sunnybrook Health Sciences
Centre

Toronto, Ontario
Canada
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Burden of psychological symptoms and illness in family of
critically ill patients: What is the relevance for critical
care clinicians?*

I n this issue of Critical Care Med-
icine, Dr. Seigel and colleagues (1)
describe a high prevalence of psy-
chological illness among family

members whose loved one died in the
intensive care unit (ICU). This study is
unique, as the first of its kind from North
America. The burden of psychological
symptoms has previously been described
among family members of ICU patients in
France. Pochard et al. (2) found that 73%
of family members had a significant level
of symptoms of anxiety and 35% had sig-
nificant levels of symptoms of depression
3–5 days after a loved one was admitted
to the ICU. Another French study, by
Azoulay et al. (3), found the prevalence of
a significant burden of anxiety symptoms
among 49% and of depression symptoms
among 20% of family members of pa-
tients in the ICU when measuring symp-
toms 3 months after ICU stay. A recent
intervention study, also from France, ex-
amined psychological symptoms among
family members whose loved one had
died in the ICU 3 months prior. In their
control group, the prevalence of a signif-
icant level of depression symptoms was
67% and the prevalence of a significant
level of anxiety symptoms was 56% (4).
For each of these French studies, a “sig-
nificant level” of symptoms was the level
previously defined in studies of survey-
based screening measures that were as-
sociated with a high risk for a clinical
diagnosis of anxiety or depression, al-
though these measures have not been
validated specifically among family mem-
bers of critically ill patients.

There have been few studies in North
America that similarly document the
prevalence and risk factors of psycholog-
ical symptoms among family members of
critically ill patients. The North American
experience may be different from that re-
ported by French investigators because
families’ preferences for care and clini-
cians’ delivery of care are affected by re-
gional, racial, religious, and cultural in-
fluences (5). This study by Dr. Seigel and
colleagues (1) finds the overall prevalence
of one of four psychiatric illnesses (major
depressive disorder, generalized anxiety
disorder, panic disorder or complicated
grief disorder) to be 34%, with the most
common single disorder being major de-
pressive disorder, with a prevalence of
27%. Symptoms were assessed 3 to 12
months after the patient’s death. Given
the differences in study design, it is diffi-
cult to directly compare the current
study with the French studies, but this
new study shows that this problem is not
confined to France.

The study by Dr. Seigel and colleagues
(1) is unique in the authors’ use of Struc-
tured Clinical Interviews for DSM-IV
(SCID) rather than screening survey
measures to assess symptoms of psychi-
atric illness. The SCID allows not only
the assessment of symptoms of psychiat-
ric illness but also a sensitive and specific
diagnosis of psychiatric illness by DSM-IV
criteria. This is clearly a strength of this
study; by contrast, the studies from
France all used the Hospital Anxiety and
Depression Scale (HADS) as a screening
tool. A formal structured clinical inter-
view, while it provides more reliable di-
agnostic information than screening
tools, is more time and resource inten-
sive. Therefore, screening tools like the
Hospital Anxiety and Depression Scale
and other psychological symptom mea-
sures are more feasible for large research
studies, and many of these survey tools
have been shown to provide reliable and

valid assessment of the burden of psycho-
logical symptoms (6, 7).

Particularly interesting findings of
this new study are the risk factors that
were associated with psychiatric illness,
including being the patient’s spouse, ex-
periencing an additional major stressor
after the patient’s death, and the patient’s
illness lasting �5 yrs (1). These risk fac-
tors are important to elucidate to better
understand the process behind develop-
ment of psychiatric illness in this group
and to identify a subgroup of family
members who may be at increased risk
for psychiatric illness. Additionally, fam-
ily members who did not consider the
critical care physician a source of comfort
were more likely to have psychiatric ill-
ness. In this retrospective study, it is not
possible to determine whether physician
behavior or communication caused fam-
ily distress, but in the context of other
studies this seems to be a likely explana-
tion and it seems likely that improving
physician communication will reduce the
burden on the family (4, 8).

The study by Dr. Seigel and colleagues
(1) included only family members of pa-
tients who died in the ICU. There is evi-
dence that these family members are at
increased risk for psychological symp-
toms compared with the families of pa-
tients who survive (3). However, even
though patient death is a risk factor for
psychological symptoms among family
members, families of patients who sur-
vive are also at increased risk of these
symptoms compared with the general
population (3). There are two other im-
portant reasons for focusing on the fam-
ilies of all critically ill patients, not only
the families of those patients whom we
expect to die. First, it is generally not
clear whether critically ill patients will
survive at the time when most clinician-
family communication is occurring. Sec-
ond, there is evidence that family mem-
bers of patients who survive are actually

*See also p. 1722.
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less satisfied with communication from
ICU clinicians than are family members
of patients who die (9). If we are to be
truly effective in minimizing the long-
term effects of critical illness and critical
care on family members, we must focus
on our communication with the families
of all critically ill patients.

As Dr. Seigel and colleagues (1) dis-
cuss, the major limitations of their study
are the small sample size and a single-
center study design; nonetheless, this
study highlights an important phenome-
non. It is important for critical care cli-
nicians to understand and address psy-
chological morbidity among family
members for several reasons. First, care
provided by critical care clinicians has
been associated with these symptoms (4,
8). Second, because families often serve
as surrogate decision makers for critically
ill patients (10), communication with and
care for family members of critically ill
patients are important components of the
quality of care delivered to critically ill
patients. Third, the family’s experience in
the ICU is a high priority for most criti-
cally ill patients. Fourth, psychological
morbidity among family members of crit-
ically ill patients is likely to have impor-
tant long-term consequences in many do-

mains, including future health care,
employment, and quality of life. Studies
like this one will be critical in both de-
fining the scope of the problem and un-
derstanding risk factors and mechanisms
for development of these symptoms. This
information will be necessary to develop
interventions that assist family through
the difficult experience of having a criti-
cally ill loved one and also enhance the
quality of care we provide to critically ill
patients.

Erin K. Kross, MD
J. Randall Curtis, MD, MPH

Division of Pulmonary and
Critical Care Medicine

Department of Medicine
School of Medicine
University of Washington
Seattle, WA
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Pediatric organ donation after cardiac death—Still in its infancy*

Organ donation after cardiac
death (DCD) has been identi-
fied as an important tool in
the struggle to close the gap

between the number of organ donors and
the nearly 100,000 individuals in the
United States who currently are waiting
for lifesaving organs. An important goal
of the National Organ Donation Break-
through Collaborative, launched in 2003,
has been to increase the percentage of
DCD donors from approximately 5% to

�10% of all donors. Significant progress
has been made nationally, with the total
number of DCD donors steadily increas-
ing each year and 26 of 59 organ procure-
ment organizations (OPOs) reporting
that �10% of their total donors were
DCD donors in 2007 (1).

Despite this overall progress, the story
is quite different when the focus is shifted
to pediatric DCD. While DCD donors �18
yrs old accounted for 10.2% of total adult
deceased donors nationally in 2007, only
7.3% of deceased donors under �18 yrs
old were DCD donors. Since 1995, three
OPOs have accounted for 27% of the na-
tional pediatric DCD donor activity. Dur-
ing the same time period, 34 OPOs re-
ported fewer than five pediatric DCD
donor recoveries, and ten OPOs reported
no pediatric DCD donor activity whatso-
ever (2). A qualitative study by Curley et
al. (3) may offer some clues as to why

DCD in pediatrics is lagging behind. In
this study of hospital staff involved in
organ donation at a large children’s hos-
pital, respondents reported concerns re-
garding DCD that may be particularly sa-
lient with pediatric patients. These
concerns included: 1) questions regard-
ing the legitimacy of parental consent for
DCD, since DCD is not strictly in the
dying child’s best interests; 2) worries
that DCD, even if done well, might neg-
atively affect the dying experience for pa-
tients and families; and 3) concern that
public trust in the hospital might erode if
a perception grew that dying children
were being “used” for their organs (3).

Another likely barrier to the develop-
ment of pediatric DCD programs is the
lack of published clinical research as well
as the striking lack of formal guidance
from professional organizations specifi-
cally with regard to pediatric DCD. The

*See also p. 1729.
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Institute of Medicine’s reports on DCD do
not address the issue of DCD in children
(4). The Society of Critical Care Medi-
cine’s position paper on DCD briefly ad-
dresses pediatric DCD and concludes that
it is ethically reasonable to perform DCD
on children, although the report gives
scant attention to the specifics and sub-
tleties of developing pediatric DCD pro-
grams (5).

This is the milieu in which Dr. Naim
and colleagues (6), in this issue of Criti-
cal Care Medicine, present their 11-yr
experience with pediatric DCD. They re-
port the DCD experience at Children’s
Hospital of Philadelphia over an 11-yr
period from 1995 to 2005. While there
were 14 pediatric DCD cases during this
period, charts were only available for 12.
The donors in all 12 cases were �18 yrs
of age. All donors had suffered severe
neurologic injury but did not meet brain
death criteria. Death was declared after 2
mins of acirculation, and organ procure-
ment began after an additional 5-min
waiting period. Overall graft survival at 1
yr was excellent, and all 12 donors suc-
cessfully donated at least one lifesaving
organ. Despite this relatively small series
of cases, this experience actually ac-
counts for 6% of the total national pedi-
atric DCD donor activity during this time
period (2). Hospitals across the country
that are interested in considering, devel-
oping, or improving a pediatric DCD pro-
gram will be able to use this relatively
rich descriptive study to move toward
their goals.

While the reader is likely to see in this
study a variety of findings that advance
his or her knowledge of the subject, sev-
eral observations merit discussion here.
In 1998, authors from the same institu-
tion published a study intended to ex-
plore the potential impact of pediatric
DCD on overall deceased organ donation
and determined that 6.9 patients per year
would qualify for DCD and four patients
per year would donate through DCD (7).
This estimate contrasts sharply with the
actual rate of pediatric DCD of 1.3 DCD
donors per year observed by Dr. Naim and
colleagues (6). The findings of the cur-
rent study are more in line with other
studies from large intensive care units
that have attempted to estimate the im-

pact of pediatric and adult DCD on pro-
curement rates (8, 9). While a number of
potential explanations for these discrep-
ancies have been offered, one factor that
may have significantly reduced the ob-
served rate of DCD donation from that
predicted is the dominant practice during
the study period of family-initiated dona-
tion. If all potential DCD donor families
had been approached during the period of
observation, it is possible that DCD pro-
curement rates might have been higher.
This experience, while primarily reflec-
tive of the preceding decade, should give
pause to those who would argue that pe-
diatric DCD has the potential to dramat-
ically increase pediatric organ donation
rates.

Another notable aspect of this case
series relates to the waiting period be-
tween the development of acirculation
and the start of organ procurement. An
adequate time interval is essential to en-
sure that death has occurred before organ
removal begins, but as the time interval
increases, the viability of the donated or-
gans diminishes. Addressing this critical
element, the Institute of Medicine recom-
mended that “an interval of at least 5
mins elapse after complete cessation of
circulatory function . . . before death is
pronounced and organ perfusion or do-
nation begins” (4). While this recommen-
dation has been widely adopted in the
United States, some American hospitals
continue to use a 2-min interval and oth-
ers (particularly in Europe) use a 10-min
time interval (10). Lingering questions
remain about the effect of the duration of
the time interval on graft function, and
few data are available to guide the way
that children’s hospitals approach this
critical component of the DCD protocol.
While the experience offered by Dr. Naim
and colleagues (6) is small, the authors
show that excellent graft function can
result from a total interval of 7 mins in a
pediatric population.

This article brings into focus, but does
not answer, many of the most difficult
questions regarding the development of
pediatric DCD programs. As a rich de-
scriptive study of a single center’s suc-
cessful pediatric DCD program, the arti-
cle will illuminate the challenging and
controversial aspects of pediatric DCD

and provide guidance to the national de-
bate. Future research should address the
biological, psychological, emotional, eth-
ical, and social particularities of pediatric
organ donation after cardiac death. The
concerns voiced by Curley et al. (3) will
be addressed and overcome only after
considerable dialogue, reflection, and de-
liberation on the part of hospital commu-
nities across the country, informed by the
pediatric community at large and by work
like that of Dr. Naim and colleagues (6).

George Hardart, MD, MPH
Columbia University College

of Physicians and
Surgeons

New York, NY
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The curse of the drinking class*

Work is the curse of the drinking class—Oscar Wilde

T he adage that the definition of
an alcoholic is someone who
drinks more than his doctor
turns on the truth that one

often has a blind spot to one’s own weak-
nesses. In this issue of Critical Care Med-
icine, Dr. Gacouin and colleagues (1)
have unveiled another blind spot related
to prior alcohol consumption in intensive
care unit (ICU) patients, putting them at
increased risk of developing bacterial in-
fections and ventilator-associated pneu-
monia (VAP) during their ICU stays.
Heavy drinkers also had almost twice the
rate of death compared with those who
abstained from alcohol or those who were
moderate drinkers.

The study is a prospective, observa-
tional study of 358 patients admitted for
�3 days to a 21-bed ICU at a French
university medical center over a 1-yr pe-
riod. The preadmission alcohol drinking
habits of patients were evaluated using
two tools: the National Institute of Alco-
hol Abuse and Alcoholism criteria for at-
risk drinkers and the Simplified Michigan
Alcohol Short Test (SMAST). To improve
the accuracy of the diagnosis, the deter-
mination of being at-risk was made,
whenever possible, by interviewing both
patients and family. The at-risk group
was further subdivided into a high-dose
group (five or more drinks per day) and a
low-dose group (fewer than five drinks
per day). The at-risk group was compared
with a larger group (n � 247) who either
were abstinent (74%) or were moderate
drinkers (37%).

These results confirm those seen pre-
viously in trauma and postoperative pa-
tients where alcohol consumption was

significantly associated with excess mor-
bidity and mortality during their ICU
stays (2–4). At-risk drinkers had higher
rates of acquired bacterial infection (36%
vs. 19%), VAP (27% vs. 16%), and septic
shock (18% vs. 8%). The effect of drink-
ing also appears dose-related, as the
group of drinkers consuming five or
more drinks per day had higher acquired
bacterial and VAP infection rates than
drinkers consuming fewer than five
drinks per day. The length of time of
heavy drinking was also important: Ac-
quired bacterial infection occurred in
only 5% of at-risk drinkers for �5 yrs, rose
to 17% for those drinking 5–10 yrs, and
reached 78% for those drinking �10 yrs.

The risk of developing VAP in at-risk
drinkers was increased by 70% in this
study. The baseline rate of VAP in this
unit is within the typical range reported
for ICUs in the United States and Europe.
What could cause such an increase? Bar-
ring some difference in how at-risk pa-
tients were provided with measures for
preventing VAP, these data imply intrin-
sic factors at work. Could high daily al-
cohol consumption cause a delay in seek-
ing medical attention, so that patients
were sicker and more likely infected be-
fore admission? A higher but not signifi-
cantly different neutrophil count sug-
gests this. It is well established that the
progression of head and neck cancers is
more advanced in patients with high al-
cohol consumption, related to delay in
seeking attention for an incipient prob-
lem (5). Furthermore, it has been sug-
gested that excessive alcohol consump-
tion leads to a relative immunodeficient
state. Tonnesen et al. (2) found that de-
layed hypersensitivity reactions were de-
pressed in postoperative patients with
high alcohol consumption (�60 g of eth-
anol alcohol per day � five drinks) com-
pared with a matched group of low alco-
hol consumption.

One question about the study con-
cerns the accuracy of the ethanol con-
sumption history. How reliable is self-

reporting of alcohol consumption? Studies
from the United States, the United King-
dom, and Denmark have addressed this
question and surprisingly have found that
underreporting or forgetting is not usu-
ally present (6–8). Others have found
that the interviewing technique is impor-
tant for avoiding underreporting and that
the quantity-frequency approach, as used
in this study, is better than a graduated
frequency approach (9). In addition, the
authors sought to improve accuracy by
interviewing family to confirm the two
reports. So although the authors did not
provide evidence of the accuracy of their
history taking, we can be fairly confident
that the data on alcohol consumption were
accurate in this study.

There are two other aspects of the
study that deserve consideration. First, to
what extent was treatment for ethanol
withdrawal applied in the at-risk patient
group? These patients were consuming
enough ethanol regularly to manifest
signs and symptoms of ethanol with-
drawal and thus were probably treated
with benzodiazepines or other agents to
ameliorate the withdrawal syndrome. Al-
though the proportions of patients who
required intubation and ventilation were
not different between the two groups, the
length of time patients required mechan-
ical ventilation is not reported. It is
known that excessive alcohol use in-
creases the need for and duration of me-
chanical ventilation in medical patients
and may have contributed to the in-
creased VAP rates seen in this study (10).
In addition, many physicians treat pa-
tients at risk for alcohol withdrawal with
prophylactic doses of benzodiazepines. If
the at-risk group received additional sed-
atives, whether or not they were mechan-
ically ventilated, they would be expected
to have a higher rate of complications.

Another aspect that is not well char-
acterized is the severity of liver impair-
ment in the at-risk group. The authors
state that only eight of 111 patients had
cirrhosis, based on a diagnosis made be-

*See also p. 1735.
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fore entry into the study. However, more
than three fourths of the at-risk group
had been drinking �10 yrs. With this
amount of alcohol consumption in the
at-risk group, there may be more patients
with end-stage liver disease. Why is this
important? Chronic liver injury second-
ary to chronic ethanol ingestion causes
impaired clearance of intestinal bacteria
that enter the portal circulation. Im-
paired hepatic filtering function of gut
flora could be a mechanism for the in-
creased infection rate in at-risk drinkers
and may explain higher rates of septic
shock (11).

So what is the take-home message
from the findings of Dr. Gacouin and
colleagues (1)? It is essential to take a
detailed alcohol ingestion history in pa-
tients admitted to the ICU. This history is
important not only for the prediction of
well-recognized complications, such as
liver dysfunction and alcohol withdrawal
syndrome, but also to recognize that

these patients are at increased risk for
severe infection.

C. Spencer Yost, MD
Michael A. Gropper, MD, PhD
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Tracheostomy protocol compliance: Herding cats?*

T racheostomies are common
procedures in the intensive
care unit (ICU), occurring in
about 10% of critically ill pa-

tients who require mechanical ventila-
tion (1). A tracheostomy is reported to
allow a more secure airway, earlier and
safer enteral feeding, easier oral care, and
enhanced patient comfort while reducing
sedation needs. However, the benefits of
tracheostomy have to be weighed against
potential complications, which include
infections, hemorrhage, pneumothorax,
pneumomediastium, and tracheal steno-
sis (2).

A review published in 1998 concluded
that there was insufficient evidence to
support the view that timing of a trache-
ostomy can alter the duration of mechan-
ical ventilation or prevent airway injury

in the critically ill patient (3). Since then,
many other studies have reported de-
creased days of mechanical ventilation
(4), decreased duration of ICU and hospi-
tal length of stay (5), and less damage to
the upper airway (4) with early tracheos-
tomies. A meta-analysis attempted to an-
swer this question definitively in 2005.
Griffiths et al. (6) reported that early tra-
cheostomy (�7 days) may lead to reduced
duration of mechanical ventilation and
shorter ICU stays, but the timing of tra-
cheostomies did not alter mortality or
increase the risk of developing hospital-
acquired pneumonia. Unfortunately, this
meta-analysis only included a limited
number of studies (five trials) and a small
number of patients (406 patients). Heter-
ogeneity was also high in the meta-
analysis due to variability of inclusion
and exclusion criteria, definitions of early
and late tracheostomy, characteristics of
enrolled patients, and diagnostic criteria
for hospital-acquired pneumonia.

Part of the difficulty in designing stud-
ies to address the timing of tracheostomy
lies in identifying patients who may have
a simple subsequent weaning process af-
ter failing the first attempt at extubation.

Tracheostomies should be performed in
those patients who will encounter a dif-
ficult or prolonged wean. Unfortunately,
no validated specific and sensitive test or
scoring system is available that predicts
the need for prolonged ventilation, so the
selection of patients for tracheostomy re-
mains a subjective, arbitrary decision due
to the lack of solid data.

In this issue of Critical Care Medicine,
Dr. Freeman and colleagues (7) under-
take the task of developing a standardized
approach to tracheostomy selection and
timing. The authors felt that one way to
decrease arbitrary choices would be to
integrate the decision-making process
into a standard ventilator weaning proto-
col. The primary purpose of the study was
to determine the feasibility of developing
such a protocol. In their pilot implemen-
tation group of 125 patients, patients,
who met criteria for tracheostomy, failed
the preliminary weaning assessment
(PWA) or spontaneous breathing trial
(SBT) for two successive days after either
5 days of mechanical ventilation if they
had not been reintubated or 3 days of
mechanical ventilation if they had been
reintubated.

*See also p. 1742.
Key Words: tracheostomy; mechanical ventilation;

protocol; quality improvement; critical care; sedation
The authors have not disclosed any potential con-

flicts of interest.
Copyright © 2008 by the Society of Critical Care

Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/CCM.0b013e3181761228

1959Crit Care Med 2008 Vol. 36, No. 6



The article by Dr. Freeman and col-
leagues (7) has certain limitations that
the authors readily acknowledge. Despite
focused educational sessions for physi-
cians, nurses, and ancillary staff, visible
protocols posted at each bedside, and ex-
tensive discussions on ICU rounds, only
45% of the patients underwent tracheos-
tomy consistent with the protocol. Thir-
ty-three percent of the patients under-
went tracheostomy earlier than dictated
by protocol, and 22% of the patients, de-
spite passing one or more SBTs, contin-
ued to tracheostomy.

The fact that the majority of physi-
cians did not follow the study protocol
reflects the experience with other clinical
protocols (e.g., daily sedation cessation
protocol) (8). As anyone who has tried to
implement a protocol into widespread
clinical practice knows, this can be a dif-
ficult feat. Implementation of clinical
practice guidelines is often slow to non-
existent. Lack of physician buy-in to pro-
tocols is attributed to physicians’ under-
lying knowledge and attitudes, the
culture in which they practice, minimal
incentive to change, and lack of time or
staff support (9).

The study was preliminary and there-
fore could not be extrapolated to all crit-
ical care patients, such as those on non-
invasive ventilation. The study could not
evaluate other questions related to tra-
cheostomy, such as technique, patient
comfort, and reintubation rates. Another
study designed to look at tracheostomy
protocol efficacy compared with standard

practice will have to be completed, but in
the meantime, this introduction of a
standardized approach to tracheostomy
based on weaning performance may be
just the breakthrough we need to use
tracheostomy in a more consistent and
effective fashion. This protocol may not
be perfect, but one logical approach must
be chosen to promote consistent clinical
decisions. The consistency then allows
for the rigorous evaluation of the inter-
vention, which in this instance is the
timing of tracheostomy placement (10).

Although it is too early to recommend
widespread implementation of tracheos-
tomy protocols, perhaps someday a pa-
tient admitted to the ICU with severe
sepsis will be enrolled in an early resus-
citation protocol, a low tidal volume ven-
tilation protocol, a daily sedation cessa-
tion protocol, a spontaneous breathing
trial protocol, a glucose control protocol,
and an assessment for tracheostomy pro-
tocol. The ultimate success of this proto-
col-based care may well hinge on our
ability to “herd the cats” (ourselves) into
following our own recommendations.

Linda Liu, MD
Michael A. Gropper, MD, PhD

UCSF–Anesthesia and
Perioperative Care

San Francisco, CA
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Sleep and breathing: The impact of mechanical ventilation on the
quality of sleep*

T he field of sleep medicine has
rapidly expanded in the last 10
yrs. Although sleep distur-
bances have received much at-

tention in the medical community and

the outpatient setting, sleep disturbances
have not been a focus in the hospital
setting, particularly the intensive care
unit (ICU). Patients admitted to intensive
care are critically ill with multiple organ
system dysfunctions. Studies have consis-
tently demonstrated that sleep distur-
bances are a common and significant
concern for these patients. Patients in the
ICU have poor sleep efficiency with frag-
mented sleep, increased arousals result-
ing in awakenings, and a low percentage
of time spent in rapid eye movement
(REM) sleep (1–4). Few studies have un-

dertaken the task of evaluating the phys-
iologic, neurocognitive, and psychologi-
cal consequences of poor sleep in this
patient population. Also, how sleep con-
tributes to the recovery of illness has not
been evaluated.

Sleep disturbances in the ICU are mul-
tifactorial. Some of these factors include
the ICU environment, medications, noise,
pain, illness, frequent care-related inter-
ruptions by nurses and physicians, and
mechanical ventilation (5, 6). Cooper
et al. (2) evaluated sleep architecture in
20 critically ill patients requiring me-

*See also p. 1749.
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chanical ventilation and found that all
patients had abnormal sleep with severely
reduced sleep efficiency and REM sleep.
Severe sleep fragmentation was reflected
by a high frequency of arousals and awak-
enings. The mode of mechanical ventila-
tion used may contribute to sleep distur-
bance. The study by Meza et al. (7)
showed that pressure support ventilation
(PSV) caused arousals and awakenings
due to central apneas in healthy subjects.
Parthasarathy and Tobin (4) evaluated
the relationship between the mode of me-
chanical ventilation and sleep disruption
by comparing assist control ventilation
(ACV) with pressure support in 11 me-
chanically ventilated patients. Five pa-
tients (with congestive heart failure and
ejection fraction �50%) developed cen-
tral apneas on PSV leading to arousals
and increased sleep fragmentation com-
pared with subjects on ACV.

Problems associated with mechanical
ventilation, such as dyssynchrony of
breathing, endotracheal tube discomfort,
and increased patient effort, can contrib-
ute to frequent arousals and fragmented
sleep. Bosma et al. (3) looked at the rela-
tionship between patient-ventilator inter-
action and sleep quality in 13 mechani-
cally ventilated patients by comparing
pressure support to proportional assist
ventilation. The overall sleep quality was
better on proportional assist ventilation
due to fewer arousals, fewer awakenings,
a greater proportion of REM and slow-
wave sleep, and less patient-ventilator
asynchrony. Toublanc et al. (1) con-
ducted a recent study comparing assist-
control ventilation to low levels of PSV
(at 6 cm H2O) on sleep quality in intu-
bated patients. Consistent with previous
findings, regardless of the mode of me-
chanical ventilation used, sleep architec-
ture was abnormal, with up to 40% of the
night spent in wakefulness. There was a
predominance of stages 1 and 2, while
slow-wave sleep and REM periods were
significantly reduced. However, ACV
compared with PSV reduced wakefulness
during the first part of the night and
increased slow-wave sleep during the sec-
ond part of the night. These studies
raised the possibility that there could be
an optimal mode of mechanical ventila-
tion that provides good-quality sleep in
patients requiring support from a me-
chanical ventilator.

In this issue of Critical Care Medicine,
the interesting although small study by
Dr. Cabello and colleagues (8) addressed
sleep quality on three different modes of

mechanical ventilation. Fifteen patients
requiring ventilatory support were placed
on assist ACV, clinically adjusted PSV
(cPSV), and automatically adjusted PSV
(aPSV). Consistent with previous studies,
the authors found reduced REM sleep and
a high frequency of arousals and awaken-
ings. However, unlike previous studies by
Parthasarathy and Tobin (4) and Tou-
blanc et al. (1), where ACV seemed to be
the superior mode, Dr. Cabello and col-
leagues found that none of the three ven-
tilatory modes were superior to the oth-
ers. Sleep architecture and quality were
equally affected in all three modes of me-
chanical ventilation. The reduced amount
of REM sleep, increased arousals and
awakenings, and high sleep fragmenta-
tion were similar in all three modes. Cen-
tral apneas were present during pressure
support ventilation but occurred much
less frequently compared with the study
by Parthasarathy and Tobin, accounting
for �10% of sleep fragmentation. This
may be explained in part by a lower
amount of pressure delivered during this
study. Using more sensitive indicators for
respiratory effort would be helpful, such
as the esophageal pressure monitor. In
this study, respiratory efforts were mea-
sured by chest and abdominal inductance
plethysmography. Esophageal pressure
monitoring is invasive, and in the case of
patients requiring ventilatory support, it
measures diaphragmatic excursions.
Stoohs et al. (9) evaluated noninvasive es-
timation of esophageal pressure based on
intercostal electromyography in patients
with sleep-disordered breathing and found
that this method can be used to estimate
esophageal pressure with sufficient accu-
racy. Increased respiratory effort causing
arousals may be better quantified using
more sensitive monitoring, such as the
technique described by Stoohs and col-
leagues.

Based on studies by Toublanc et al. (1)
and Parthasarathy and Tobin (4), pres-
sure support ventilation is an inferior
mode of maintaining good-quality sleep.
Fanfulla et al. (10) reported that the type
of ventilator mode might have a major
influence on sleep quality and neuromus-
cular function in patients with known
neuromuscular disease. Chen and Tang
(11) showed that sleep loss might impair
inspiratory muscle endurance in intu-
bated patients. Muscle strength is a sig-
nificant determinant of successful wean-
ing, and therefore the quality of sleep
should be an important focus for physi-
cians. It is a common practice in the

intensive care setting to maintain or in-
crease ventilatory support for intubated
patients during nocturnal hours. Tou-
blanc et al. suggested that PSV may not
be the optimal mode to ensure adequate
ventilatory support while patients are
rested during nocturnal hours of sleep.
The study by Dr. Cabello and colleagues
(8) highlights the importance of an ap-
propriate amount of pressure delivered to
prevent the occurrence of central apneas
leading to sleep fragmentation. If pres-
sure support ventilation is to be used,
then perhaps it is important to define the
correct pressure to avoid central apneas
leading to arousals/awakenings and poor
sleep efficiency.

Circadian rhythm disturbances can
significantly affect sleep. Dr. Cabello and
colleagues (8) determined sleep start at
2 p.m. with three 6-hr sessions ending at
8 a.m. the following day. Sleep start was
determined at 2 p.m. because most rou-
tine ICU care was performed between
8 a.m. and 2 p.m. Patients in the ICU may
not demonstrate normal circadian
rhythm fluctuations as defined by day-
light and night. Hardin et al. (12) dem-
onstrated that 18 ICU patients monitored
with 24-hr polysomnography displayed
abnormal sleep/wake cycles with erratic
progression through sleep stages. Pa-
tients were not quantitatively sleep de-
prived, but �50% of sleep occurred in
daytime. Starting sleep time at 2 p.m.
may contribute to the already present cir-
cadian disturbances in this population
group. Rapid eye movement sleep is most
difficult to achieve and is at its lowest in
percentage of total sleep time during
mid-afternoon. In Dr. Cabello and col-
leagues’ study, REM sleep was nonexist-
ent in the daytime period and the propor-
tion of REM sleep progressively increased
in the second nocturnal period. The au-
thors should take into account the alter-
ation of normal circadian rhythm in the
intensive care setting and how it contrib-
utes to poor quality sleep.

Medications routinely used in the ICU
commonly cause sleep disturbances, in
particular benzodiazepines and opioids.
In this study by Dr. Cabello and col-
leagues (8), the average duration of ven-
tilatory support for a patient was 22 � 17
days. These patients required prolonged
ventilatory support and therefore likely
required prolonged sedation and pain
control. Although the patients had been
off sedatives and opioids for �24 hrs, the
effects of these medications may still be
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clinically significant. The dose-dependent
relationships of these medications are
based on renal and hepatic metabolism,
as well as the volume of distribution, all
of which are abnormal in the critically ill
patient. Benzodiazepines in particular are
known to decrease REM sleep, and opioids
have been shown to cause respiratory de-
pression and induce central apneas. Allow-
ing for a �24-hr benzodiazepine and opi-
oid-free duration before the start of sleep
time recording would be prudent.

Dr. Cabello and colleagues (8) address
a difficult but important issue in the ICU.
Sleep disturbances in the intensive care
setting can bring about acute and long-
term physiologic, psychological, and be-
havioral consequences for the patient.
Physicians should pay closer attention to
sleep-related issues in this patient popu-
lation and attempt to find resolution.
Many questions remain unanswered in
regard to the topic of sleep in the inten-
sive care environment. Much more is ex-
pected from the field of sleep research
focusing on this patient population, and
we hope that larger well-designed studies
will answer our questions.

Michelle Cao, DO
Priscilla S. A. Sarinas, MD

Stanford University Sleep
Disorders Clinic

Stanford University School of
Medicine

Division of Pulmonary,
Critical Care, and Sleep
Medicine

VA Palo Alto Health Care
System

Palo Alto, CA

REFERENCES

1. Toublanc B, Dominique R, Jean-Charles G,
et al: Assist-control ventilation vs. low levels
of pressure support ventilation on sleep qual-
ity in intubated ICU patients. Intensive Care
Med 2007; 33:1148–1154

2. Cooper A, Thornley K, Young B, et al: Sleep
in critically ill patients requiring mechanical
ventilation. Chest 2000; 117:809–818

3. Bosma K, Ferreyra G, Ambrogio C, et al:
Patient-ventilator interaction and sleep in
mechanically ventilated patients: Pressure
support versus proportional assist ventila-
tion. Crit Care Med 2007; 35:1048–1054

4. Parthasarathy S, Tobin M: Effect of ventilator
mode on sleep quality in critically ill pa-
tients. Am J Respir Crit Care Med 2002; 166:
1423–1429

5. Gabor J, Cooper A, Crombach S, et al: Con-
tribution of the intensive care unit environ-
ment to sleep disruption in mechanically

ventilated patients and healthy subjects.
Am J Respir Crit Care Med 2003; 167:
708–715

6. Freedman N, Gazendam J, Levan L, et al:
Abnormal sleep/wake cycles and the effect of
environmental noise on sleep disruption in
the intensive care unit. Am J Respir Crit Care
Med 2001; 163:451–457

7. Meza S, Mendez M, Ostrowski M, et al: Sus-
ceptibility to periodic breathing with assisted
ventilation during sleep in normal subjects.
J Appl Physiol 1998; 85:1929–1940

8. Cabello B, Thille AW, Drouot X, et al: Sleep
quality in mechanically ventilated patients:
Comparison of three ventilatory modes. Crit
Care Med 2008; 36:1749–1755

9. Stoohs RA, Blum HC, Knaack L, et al: Non-
invasive estimation of esophageal pressure
based on intercostal EMG monitoring. In:
Proceedings of the 26th Annual International
Conference of the IEEE EMBS, September
2004, San Francisco, CA

10. Fanfulla F, Delmastro M, Berardinelli A, et al:
Effects of different ventilator settings on
sleep and inspiratory effort in neuromuscu-
lar patients. Am J Respir Crit Care Med 2005;
172:619–624

11. Chen HI, Tang YR: Sleep loss impairs in-
spiratory muscle endurance. Am Rev Respir
Dis 1989; 140:907–909

12. Hardin K, Seyal M, Stewart T, et al: Sleep in
critically ill chemically paralyzed patients re-
quiring mechanical ventilation. Chest 2006;
129:1468–1477

Acute compartment syndrome: Are we close to making an early
diagnosis?*

Compartment syndrome, an or-
thopedic emergency, is the
condition of increased pres-
sure within a limited anatom-

ical space that compromises tissue perfu-
sion and, ultimately, causes tissue
necrosis, rhabdomyolysis, renal failure,
and even death (1). Compartment syn-
drome can develop anywhere skeletal
muscle is surrounded by substantial fas-
cia and most commonly is caused by frac-
tures, soft tissue trauma, arterial injury,

burns, and strenuous physical exertion
(2–5).

Timely diagnosis is important to avoid
irreversible consequences of compart-
ment syndrome. Although time of injury
or ischemia to tissue necrosis can vary,
currently the upper limit of accepted tis-
sue viability is 6 hrs (6). Diagnosis can be
challenging even for those who are aware
of the possibility of compartment syn-
drome in certain clinical settings due to
lack of a definitive diagnostic measure.
Moreover, frequent evaluations of pa-
tients may be needed if clinical findings
are not clear. Relevant history and classic
clinical symptoms of pain, paresthesia,
palor, and pulselessness may be enough
for diagnosis, whereas early cases or un-
conscious trauma patients may not have
typical presentation. In those instances,
laboratory tests (serum creatine phos-

phokinase, serum and urine myoglobin),
radiography, and ultrasound/Doppler of
the extremity may give additional infor-
mation. A number of commercially avail-
able tonometers (i.e., Stryker, ACE) can
be used to measure the compartment
pressures. While pressures of 0–15 mm
Hg are considered normal, pressure �30
mm Hg in the presence of appropriate
clinical signs is diagnostic for compart-
ment syndrome (7). While investigators
have studied methods of diagnosing
chronic exertional compartment syn-
drome with newer noninvasive tools,
such as using magnetic resonance imag-
ing at 0.1 T (8) or near-infrared spectros-
copy to measure hemoglobin saturation
of deep tissues as an indicator of blood
flow (9), the diagnosis of acute compart-
ment syndrome relies on conventional
methods.

*See also p. 1756.
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In this issue of Critical Care Medicine,
Dr. Katz and colleagues (10) describe
early detection of acute compartment
syndrome in trauma patients by using a
novel technique of infrared imaging. This
technique is proposed to provide an early
diagnosis of acute compartment syn-
drome by using thermographic images of
extremities to detect lower surface tem-
peratures, which can be seen in compart-
ment syndrome due to decreased blood
flow in the affected extremities. In this
observational study, the authors mea-
sured the average temperature of the an-
terior surface of the proximal and distal
region of each leg, termed the thigh-foot
index, with an uncooled microbolometer
infrared camera in 164 patients who pre-
sented to a level I trauma center with
trauma. Research assistants obtained the
thermographic images using the same
angle and distance (90 cm) in patients
who presented within 4 hrs of trauma.
Eleven of 164 analyzed patients developed
compartment syndrome. Those with acute
leg compartment syndrome (unilateral or
bilateral) had significantly lower anterior
leg surface temperatures than did the pa-
tients with contralateral leg syndrome
(unilateral compartment syndrome) and
the control group (bilateral compartment
syndrome). Similarly, thigh-foot index was
greater in the legs with compartment syn-
drome. Analysis of covariance revealed no
significance in the surface temperature
measurements for the variables of blood
pressure, presence of shock, body temper-
ature, ambient temperature, and lower ex-
tremity fractures.

Although this is a unique method and
holds promise as a noninvasive diagnostic
tool for acute compartment syndrome,
future studies are needed to eliminate the
limitations of the current study and val-
idate its clinical utility. As noted by the

authors, the study has numerous limita-
tions. First, this was an observational
study based on retrospective chart review
for final diagnosis of compartment syn-
drome. Therefore, clinical utility, espe-
cially the decision for fasciotomy, cannot
be drawn from the current data. Second,
no correlation with conventional diag-
nostic methods (clinical symptoms, phys-
ical examination, measurements of com-
partment pressures) was performed
prospectively. Therefore, we have no data
regarding whether this new technique
would provide an early and accurate di-
agnosis of acute compartment syndrome.
Moreover, no data were provided regard-
ing whether a diagnosis of compartment
syndrome was missed based on chart re-
view and thermographic measurements.
Third, most patients diagnosed with
acute compartment syndrome had sus-
tained blunt extremity trauma and frac-
ture. We have no data as to whether in-
frared imaging would help determine
compartment syndrome from other
causes. Fourth, the study had technical
limitations: Technical skills are required
to properly calibrate the camera and use
it to collect data. As mentioned in the
article, images from seven patients could
not be used due to poor quality. Fifth, the
cost of equipment and having readily
available personnel who can operate the
system can be problematic in the emer-
gency department.

Once these limitations are addressed in
future studies, infrared imaging may poten-
tially provide a supportive measure to diag-
nose acute compartment syndrome. Until
then, clinical judgment and conventional
diagnostic measures must be used to diag-
nose acute compartment syndromes.

H. Erhan Dincer, MD, FCCP,
FAASM

Division of Pulmonary,
Critical Care & Sleep
Medicine

VA Southern Nevada Health
Care System

Las Vegas, NV
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Death by TPN . . . the final chapter?*

I t seems obvious that the human
body was designed to receive
nourishment and hydration via
the gastrointestinal route; this

model of nourishment is found through-
out the animal kingdom. It is now widely
accepted that the gastrointestinal tract
is the preferred route of delivering nutri-
tional support even in hospitalized
patients (1). Furthermore, consensus
guidelines strongly recommend enteral
over parenteral nutrition in critically ill
patients (2, 3). Indeed, for patients in
whom enteral nutrition is possible (i.e.,
who have a functional gastrointestinal
tract), there is no disease state that is
known to benefit from parenteral nutri-
tion (1). The institution of early enteral
nutrition in critically ill medical and
postoperative patients has been demon-
strated to improve outcome (4, 5). Yet
parenteral nutrition continues to be
widely used in patients who can be fed
enterally. The results from the German
Competence Network Sepsis (SepNet)
study by Dr. Schmitz and colleagues (6)
in this issue of Critical Care Medicine
confirm this observation; only 20.1% of
intensive care unit (ICU) patients with
severe sepsis/septic shock received exclu-
sively enteral feeding during their ICU
stay. In addition, these authors confirm
what should be no surprise; parenteral
nutrition was an independent predictor of
death (odds ratio of 2.09). The adverse
sequelae associated with parenteral nutri-
tion result from 1) not directly feeding
the bowel; 2) the metabolic, immuno-
logic, endocrine, and infective complica-
tions associated with parenteral nutri-
tion; and 3) the fact that parenteral
nutrition is infused into the patient’s sys-
temic venous system, bypassing the liver.
This latter concept is supported by the

recent study by Grau et al. (7), who in a
large cohort of critically ill patients dem-
onstrated that parenteral nutrition was
strongly associated with the development
of liver dysfunction, while early enteral
nutrition was protective. The hepatotox-
icity of parenteral nutrition may partly
explain the perniciousness of this admix-
ture, considering the central role the liver
plays in metabolism and homeostasis.

The findings of the SepNet study are
all the more important as the study took
place in the era of “tight glycemic con-
trol” and the mean blood glucose concen-
tration was similar between enterally and
parenterally fed patients. It has previ-
ously been argued that the increased risk
of infections and death associated with
parenteral nutrition is due to poor glyce-
mic control and that with adequate glu-
cose control parenteral nutrition is safe
(8, 9). Clearly, this is not the case! Further-
more, it is likely that the parenteral nutri-
tion admixtures in the United States are
more deadly than those available in Europe,
because intravenous glutamine solutions
and non-soy-based lipid emulations, which
have been demonstrated to reduce the tox-
icity of parenteral nutrition, are not avail-
able in the United States (10).

Why would clinicians purposefully
harm their patients with a toxic solution
that would certainly not meet current
safety standards? Again, the article by Dr.
Schmitz and colleagues (6) may shed
some light on this question. Mechanical
ventilation, intra-abdominal disease, and
the presence of shock were independently
associated with the failure to feed enter-
ally. These exclusions are clearly contrary
to current evidence, which suggests that
early enteral nutrition improves out-
comes in these patient groups and that
enteral nutrition may protect the gastro-
intestinal tract from vasopressor-induced
ischemia (4, 11, 12). In addition, many
clinicians are still under the misguided
impression that enteral nutrition and
parenteral nutrition are equivalent. This
myth (9, 13) is unfortunately propagated
by experts who contend that “appropri-
ately administered parenteral nutrition
may provide similar or more benefit than
enteral (nutrition) and clearly needs

more widespread acceptance” (9). Enteral
nutritional support may not be possible
in patients with intestinal failure, such as
short-gut syndromes, and in those with
high-output small-bowel fistulas. How-
ever, these patients are uncommon in
clinical practice. Almost all patients who
receive parenteral nutrition in the ICU
have a functional gastrointestinal tract
and can be fed enterally.

The risk of pulmonary aspiration and
ventilator-associated pneumonia (VAP) is
often cited as a reason to delay enteral
feeding. Feeding mechanically ventilated
patients with a nasogastric tube in the
supine position is clearly a risk factor for
VAP (14). However, it is unclear whether
early enteral nutrition increases the risk
of VAP when measures to prevent VAP are
systematically applied and patients are
fed slowly (15). Data from the Project
Impact Data System suggested that early
(as opposed to delayed) enteral nutrition
was associated with a small but nonsig-
nificant increase in the risk of VAP. How-
ever, overall mortality was lower in the
“early enteral group,” with both groups
having an equivalent number of ventila-
tor-free days (4). This suggests that de-
spite a possible increase in the risk of
VAP, early enteral feeding has an overall
benefit. In addition, it is unclear whether
small-bowel feeding decreases the risk of
VAP (16, 17). Therefore, I recommend
that an orogastric tube be placed in all
ventilated patients on admission to the
ICU and tube feeding be started within 12
hrs (except when extubation within 24
hrs is planned). Tube feeding should be
initiated slowly (20 mL/hr) with permis-
sive underfeeding for the first 3–5 days
(15–20 kcal/kg/day) and then advanced to
a goal of 20–25 kcal/kg/day as the pa-
tient’s condition improves. In patients
with gastric intolerance, promotility agents
(such as erythromycin, 100 mg intrave-
nously every 8 hrs) and small-bowel feeding
should be considered. With this approach,
almost 100% of ICU patients can be nour-
ished in the way that nature intended.

Paul E. Marik, MD, FCCM
Division of Pulmonary and

Critical Care Medicine

*See also p. 1762.
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Glutamine and tight glycemic control: Chicken or egg?*

F or a clinician striving to de-
liver the optimal nutrient reg-
imen to the critically ill, it is a
reassurance to learn that two

of the most significant clinical develop-
ments in nutrition that impact on out-
come are themselves intimately related.
The glutamine story (1) is one of system
failures arising as a consequence of a
conditional deficiency due to a limited
endogenous production in skeletal mus-
cle failing to meet increased demands.
The activation of muscle proteolysis with
relative inhibition of protein synthesis
leads to muscle wasting and release of
amino acids, many of which are metabo-
lized to glutamine. However, it is also
recognized that part of the carbon used
in glutamine production also is linked
to the glucose delivered to muscle. This
is optimal in hyperinsulinemic euglyce-
mia and is impaired in hypoglycemia or

when insulin resistant (2). Perhaps it may
be possible to get an optimal glutamine
supply without scavenging the body pro-
tein reserve by simply combining ade-
quate nutrient provision with sufficient
exogenous insulin to give tight glycemic
control?

The elegant clinical research study by
Dr. Gianni Biolo and colleagues (3) in
this issue of Critical Care Medicine starts
to suggest that this actually may be pos-
sible. They have studied a select group of
cancer patients undergoing radical ab-
dominal surgery. Using carefully con-
trolled metabolic studies involving stable
isotope tracers, they show that by main-
taining strict euglycemia with insulin in
company with good nutrient delivery,
they were able to increase glucose uptake
and increase protein synthesis with a
more neutral protein balance indicative
of less catabolism of muscle. This re-
sulted in a higher glutamine synthesis
and plasma glutamine concentration.
This contrasts with their previous work
on growth hormone (4), which showed
that, although stimulating protein syn-
thesis, it was associated with a reduction
in glutamine availability.

Each patient provided his/her own
control in a 24-hr crossover study in ran-

domized order, once with moderate hy-
perglycemia (mean, 9.6 mmol) and the
other with insulin-mediated tight eugly-
cemia (mean blood glucose, 5.8 mmol)
soon after surgery. They received contin-
uous intravenous nutrition of glucose,
lipids, and amino acids to a total energy
of 28 kcal/kg/day for the 48 hrs of study.
An interesting feature was that the in-
creased endogenous insulin production
during the hyperglycemic periods could
be reduced (shown by lower C-peptide)
during the tight euglycemia period and
this was associated with improved insulin
sensitivity. Are there limitations? Yes,
these are stressed patients but not septic
or critically ill with multiple organ fail-
ure. They only studied eight female pa-
tients for 48 hrs, so we do not know if the
effect is sustained. However, their find-
ings are consistent and the changes ob-
served are of a magnitude to suggest clin-
ical significance.

Does this seems too good to be true?
Will using a tight glycemic protocol alone
solve the glutamine issue as well? We
must recognize that intensive insulin
therapy in some hands appears problem-
atic (5) with increased hypoglycemia, but
then these workers did not follow a de-
tailed nutrition protocol that prescribed a

*See also p. 1768.
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reasonable glucose load to avoid this risk.
From the paper, it appears that in their
moderately obese population (BMI of 27)
over the first few days, they were deliver-
ing on average �1000 kcals per day in
total. This is a period of great instability
with considerable variability and incon-
sistency of nutrient delivery. This con-
trasts with the careful attention to con-
sistent nutrient delivery shown in a paper
from the Leuven group (6). Studies in
septic critically ill patients show that glu-
cose oxidation is not impaired; it is the
nonoxidative disposal (e.g., into skeletal
muscle) that accounts for reduced total
utilization and appearance of hyperglyce-
mia. Therefore, with physiologic levels of
insulin, an optimal glucose utilization
rate in sepsis (and hence safe delivery rate
if not exceeded) is 4 mg/kg fat free mass/
min (7). Contrary to what some appear to
believe (5), it may be important to deliver
glucose within this range of between 8 to
12 g/hr, which is precisely what was done
in the original studies (6, 8).

But perhaps the glutamine deficiency
that occurs plays a role in worsening in-
sulin sensitivity? Glutamine, as a paren-
teral infusion, can favorably influence in-
sulin-mediated glucose utilization (9)
and in healthy adults can beneficially in-
fluence postprandial insulin action, glu-
cose disposal, and fat oxidation (10). Clin-
ical studies of glutamine (11), as well as
showing a substantially reduced infection
and pneumonia rate, demonstrate signif-
icant reduction of hyperglycemia and a
significant reduction in the number of
patients requiring insulin. As has been
elegantly demonstrated, multiple-trauma
patients (12) receiving parenteral glu-
tamine show improved insulin sensitiv-

ity. This suggests that we cannot ignore
exogenous glutamine provision, and that
perhaps glutamine and tight glycemic
control are complementary with each fa-
cilitating the other.

There is no doubt that tight glycemic
control is not a simple therapy, but
rather a complex integrated process of
care that requires considerable attention
to all details to be performed safely. Sim-
ply controlling glucose levels is not
enough, because it masks the signs and
therefore risks of overfeeding (13), which
sadly appears endemic and cavalier with
parenteral nutrition use (14). For tight
glycemic control to work safely and effec-
tively, making sure there is consistent
nutrient delivery, neither overfeeding nor
underfeeding, with attention to glucose
and glutamine in the initial period may
be the key.

Richard D. Griffiths, BSc, MBBS,
MD, FRCP

University of Liverpool
Liverpool, UK
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Hypothermia and coronary intervention after cardiac arrest:
Thawing a cool relationship?*

T herapeutic hypothermia (TH)
represents one of the most
promising treatments for car-
diac arrest victims since the

introduction of defibrillation and cardio-
pulmonary resuscitation �50 yrs ago (1).
Supported by two landmark randomized
controlled trials (2, 3) as well as a num-
ber of smaller clinical and laboratory
studies, current resuscitation guidelines
recommend that comatose survivors of
out-of-hospital ventricular fibrillation
(VF) cardiac arrest be cooled to 32°C to
34°C for �12 hrs after return of sponta-
neous circulation (ROSC). This therapy
has been shown to improve survival as well
as neurologic outcomes among survivors.
It is generally believed that the cooling pro-
cess should be initiated as soon as possible
after ROSC, based on animal investigations
of postarrest TH (4, 5).

A large number of questions remain to
be answered regarding the application of
hypothermia, and such questions have
contributed to the slow adoption of this
crucial therapy (6). A number of hospitals
elect to treat patients after cardiac arrest
involving non-VF rhythms, such as asys-
tole or pulseless electrical activity, or pa-
tients suffering in-hospital cardiac arrest
(7); it remains to be definitively shown
whether such patients benefit from cool-
ing. In addition, the time-sensitivity of
cooling initiation has not been clearly
defined. This latter question is of great
practical importance, as a number of
post-VF survivors are found to have ST-
segment elevation myocardial infarction
(STEMI) requiring immediate percutane-

ous coronary intervention (PCI). Should
cooling be started before PCI or can it
wait until after this process, introducing
a likely delay of several hours? Would
hypothermia induction delay the time-
sensitive intervention of PCI? TH carries
a potential risk of increased bleeding; is it
safe to perform PCI, with concomitant
use of anticoagulants, such as heparin or
glycoprotein IIb/IIIa inhibitors, while hy-
pothermia is being induced? These con-
cerns have created tension between two
competing modalities that are essential
treatments for survivors of cardiac arrest
due to STEMI, which represents a sizable
fraction of arrest patients.

The report by Dr. Wolfrum and col-
leagues (8) in this issue of Critical Care
Medicine is a useful addition to the sparse
literature addressing such practical ques-
tions of TH implementation. In the au-
thors’ observational study from one hos-
pital, VF cardiac arrest patients achieving
ROSC and found to have electrocardio-
graphic evidence of STEMI were treated
immediately with TH. They subsequently
received PCI during hypothermia treat-
ment. These patients were compared with
historical controls, namely resuscitated
STEMI patients who received PCI without
cooling. The authors found that the pro-
cess of TH implementation did not
lengthen door-to-balloon times for PCI.
They also found that while complications,
such as bleeding or infection, appeared to
be more common in the TH/PCI group,
survival was not worse with the combina-
tion therapy; indeed, there was a trend
toward improved survival. Finally, they
showed that cooling can be quickly initi-
ated with intravenous infusions of chilled
saline and application of external ice
packs, a cost-effective method that is
practical for most settings.

While the investigation suffers from
small sample size (n � 33 patients) and
the likely confounders of patient selec-
tion bias and secular trend (door-to-
balloon times may have improved over
time independent of TH, especially given
increased scrutiny of these patients by

investigators), the finding that cooling
and PCI are not incompatible lays impor-
tant groundwork for collaboration be-
tween the emergency department and the
catheterization laboratory. Emergency
physicians and intensivists need not
worry about delaying PCI to establish hy-
pothermia induction if systems are ap-
propriately established for rapid cooling.
Although further study is required, car-
diologists may be reassured that cooling
can be initiated before PCI without sig-
nificantly increased risks to the patient
during catheterization. This work adds to
several other publications that have
shown the benefit of combined TH and
PCI in postarrest patients (9–11); in one
of these other studies, Sunde et al. (11)
astutely suggest that cooling and PCI are
necessary components of the larger suite
of postresuscitation critical care, includ-
ing careful glycemic control, neurologic
monitoring, and appropriate hemody-
namic support.

While a number of established proto-
cols for hypothermia involve the use of
chilled saline infusions or external ice
packs, such as those described by Dr.
Wolfrum and colleagues (8) (a compila-
tion of hospital protocols can be found at
http://www.med.upenn.edu/resuscitation/
hypothermia/protocols.shtml), a note of
caution should be given: These cooling
methods depend on careful monitoring
by operators, as there are no inherent
thermostatic controls to prevent over-
cooling. Chilled saline and ice packs have
been shown to be useful during cooling
induction, but these are blunt and un-
wieldy tools that can overcool (12), with
concomitant increased risk of bleeding and
arrhythmia, and that fail to adequately
maintain cooling over 12–24 hrs (13).
Newer thermostatically controlled devices,
while expensive, appear to induce and
maintain cooling in a consistent fashion
(14). Further investigations will be re-
quired to determine the utility of combined
approaches, such as using chilled saline as
a cooling “accelerant” in concert with a
thermostatically controlled device.

*See also p. 1780.
Key Words: cardiac arrest; cardiopulmonary resus-
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Other important questions regarding
PCI and cardiac arrest remain to be ad-
dressed. While PCI is clearly indicated for
arrest survivors with STEMI, what about
survivors of VF without STEMI? It is
likely that a large fraction of VF patients
have significant coronary disease or even
acute coronary syndrome without elec-
trocardiographic evidence of STEMI.
Should the majority of post-VF arrest pa-
tients receive prompt coronary evalua-
tion and possible intervention? In a pro-
vocative report, Grogaard et al. (15)
describe successful PCI of two VF patients
before ROSC, during active cardiopulmo-
nary resuscitation. Should PCI be consid-
ered part of the Advanced Cardiovascular
Life Support algorithm for VF patients? It
is hoped that future investigations using
cardiac arrest registry data and active
clinical trial networks will elucidate fur-
ther the boundaries and practical issues
surrounding TH and postarrest care.
These pragmatic advances in optimizing
postarrest care will allow cardiac arrest
patients to receive the best chance of
returning home from the hospital alive
and neurologically intact.

Benjamin S. Abella, MD, MPhil
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Acute lung injury after blood product transfusion: Are the times
changing?*

I n this issue of Critical Care Med-
icine, Dr. Wright and colleagues
(1) present a provocative study on
the United Kingdom’s experience

with the frequency of acute lung injury
(ALI) after ruptured abdominal aortic an-

eurysm repair. This study raises a num-
ber of interesting issues, including the
gender selection of specific blood prod-
ucts and the pathogenesis of ALI in pa-
tients experiencing large amounts of
blood loss.

Acute lung injury from blood transfu-
sions has most commonly been referred
to as transfusion-related acute lung in-
jury (TRALI). TRALI is an underreported
and underrecognized serious complica-
tion of transfusion therapy. TRALI is de-
fined as acute lung injury that develops
within 6 hrs (often within 30–60 mins) of
a blood product transfusion (2). However,
there is also a more general association

with blood product transfusions and the
development of ALI and an association
with worse outcomes from ALI (3, 4). The
exact mechanisms of these latter associ-
ations are unclear, but possibilities in-
clude cases of overt and subclinical
TRALI, transfusion-related immuno-
modulation predisposing to infectious
causes of ALI (5), misclassification of
transfusion-associated circulatory over-
load cases (6), or even an immune priming
effect of blood transfusions, predisposing
the patient to a more robust reaction to a
second, more common cause of ALI (i.e.,
neutrophil priming followed by pulmonary
aspiration, pneumonia, sepsis).

*See also p. 1796.
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There has been a general association
of TRALI with the transfusion of donor
human leukocyte antigen (HLA) or neu-
trophil antibodies that recognize the cog-
nate antigen in the recipient. Many of the
donors implicated in TRALI cases are al-
loimmunized women who harbor HLA
antibodies. The U.K. National Blood Ser-
vice, though monitoring from its Serious
Hazards of Transfusion (SHOT) database,
and the American Red Cross have identi-
fied that donors from reported TRALI
cases are commonly female and that the
blood products implicated in these TRALI
cases often contained HLA antibodies
(7, 8). There appears to be a dose-
dependent effect of the number of preg-
nancies on HLA alloimmunization (9),
with �20% of multiparous women har-
boring HLA antibodies. Plasma from
multiparous donors was even shown pre-
viously in a randomized, controlled trial
to produce more hypoxemia in critically
ill patients (10). Recently, it has been
reported that intensive care patients who
received high plasma volume blood prod-
ucts (fresh frozen plasma [FFP] or plate-
lets) from female donors vs. male donors
developed worsened oxygenation (11).
Given the association of female donors
with TRALI cases, the U.K. National
Blood Service initiated in 2003 the diver-
sion of female blood donations away from
FFP and platelet concentrates. Is this reg-
ulation of blood products misogyny or
prescient policy?

The current study by Wright and col-
leagues may yield valuable insight into
transfusion policy and important clinical
outcomes (1). The investigators capital-
ized on the U.K. policy change to ask the
following important question: In a criti-
cally ill patient population requiring mul-
tiple blood product transfusions, will
male-only FFP lead to a decreased fre-
quency of postoperative ALI? The investi-
gation was a retrospective, before/after
observational trial at a single center that
cares for a large number of patients with
ruptured abdominal aortic aneurysms.
Despite the overall limitations of the
study design, interesting conclusions can
be made due to the large sample size (211
patients over 7.5 yrs), reasonable match-
ing of the two groups, and the before/
after FFP policy. The authors should also
be commended for using a sham study
protocol to blind the data extractors and
expert radiologists to the working hy-
pothesis. The primary outcome was the

frequency of ALI in the first 6 postoper-
ative hours, a time course similar to clin-
ical TRALI. Importantly, the patients re-
ceiving male-only FFP for resuscitation
had a lower occurrence rate of postoper-
ative ALI (21% vs. 36%). This was upheld
by a multivariable logistic regression
analysis controlling for potential con-
founding variables. The patients receiv-
ing male-only FFP also had a lower fre-
quency of postoperative hypoxemia (PaO2/
FIO2 �300 cutoff) and a trend for a higher
mean PaO2/FIO2 ratio. Given the trial de-
sign, confounders that could bias the
conclusions (and would not be controlled
by the multivariate logistic regression
analysis) include potential unmeasured
imbalances in the two patient groups and
the general improvement in intensive
care over time. In addition, the contribu-
tion of male vs. female platelet transfu-
sions was not specifically addressed in
this study, although platelet transfusions
(or the plasma fraction of the platelet
pool) are directed to be male-only in the
United Kingdom. Also, even though there
was a lower frequency of ALI in the male-
only FFP group, it is curious that the
overall mortality in the female vs. male
FFP groups was unchanged.

Nevertheless, these results are provoc-
ative for a protective effect of male-only
FFP in the resuscitation of these surgical
patients. So, what exactly was the cause
of ALI in this patient population? As ac-
knowledged by the authors, the patho-
genesis of ALI in patients with large
amounts of blood loss is probably multi-
factorial, with contributions from shock,
ischemia-reperfusion of the lungs, and
possibly the blood products themselves
(TRALI). Importantly, only one case of
postoperative ALI in this study was re-
ported to the blood bank as possibly being
transfusion-related, which highlights the
underrecognition and underreporting of
potential TRALI cases.

Data are still being collected in the
United Kingdom on how the change in
donor allocation of blood products has
affected the frequency of TRALI, although
there may be a trend for fewer referred
cases (12). There are several other blood-
banking policy initiatives that could po-
tentially decrease the risk of TRALI (13).
The American Association of Blood Banks
has made similar recommendations to di-
vert potentially alloimmunized donors
from FFP and eventually from platelet
donations (14). Time will tell if the oc-

currence rate of TRALI, or perhaps even
ALI, will change with these new recom-
mendations. Prospective clinical trials of
ALI and TRALI that do not rely on passive
reporting may be helpful in detecting
changes in lung injury after blood prod-
uct transfusion. For now, gender-specific
blood product selection seems like a rea-
sonable approach to improve the safety of
allogeic blood transfusions.

Mark R. Looney, MD
Department of Medicine
Division of Pulmonary and

Critical Care Medicine
University of California,

San Francisco
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Is extravascular lung water measurement in acute respiratory
distress syndrome worth the effort?*

Since it was first described by
Lyman Brewer et al. (1) in
World War II as “wet lung” and
named by Ashbaugh et al. in

1967 (2), acute respiratory distress in
adults or adult respiratory distress syn-
drome (ARDS) has remained a “syn-
drome” and not a specific disease that can
be easily characterized or diagnosed. In
1994, the American-European Consensus
Conference determined specific criteria
based on chest radiograph (a gross exam),
PaO2/FIO2 ratio (a gross physiologic vari-
able), and absence of left atrial hyperten-
sion (to rule out cardiogenic edema) (3).
The search for a more reliable, reproduc-
ible, and measurable variable continues.

In this issue of Critical Care Medicine,
Dr. Berkowitz and colleagues (4) reintro-
duce the use of extravascular lung water
(EVLW) to help in the diagnosis and
treatment of the “noncardiogenic pulmo-
nary edema” subset of acute lung injury.
This is a technique first described using
two indicators (indocyanine green dye
and chilled saline) in 1951 by Newman et
al (5). In the late 1970s and early 1980s,
Elings et al. (6) perfected the technique
and were able to use a single-indicator
technique to estimate EVLW.

The twist that Dr. Berkowitz and col-
leagues (4) add to this technique is the
use of predicted body weight (PBW) and
adjusted body weight (AdjBW) based on
height, instead of actual body weight or
an index based on height and weight
(body surface area).

The authors propose that indexing to
PBW or AdjBW increases the proportion
of ARDS patients with elevated EVLW
(defined as �10 mL/kg) and may help
differentiate them from patients without
ARDS. By adjusting for PBW, the authors
created a situation in which all but one of
the ARDS patients had at least one ele-
vated measurement of EVLW. The num-
ber of septic patients without clinical
ARDS and an elevated EVLW decreased to
50%.

This is a novel approach, because all
previous data, including animal data, have
been expressed in mL/kg units. The origi-
nal studies correlated EVLW via dye dilu-
tion technique to wet weight/dry weight
lung changes in animals (6). The formulas
were not ideal-weight adjusted. The for-
mula for EVLW uses cardiac output, which
can be indexed by body surface area as a
means of eliminating differences in size. All
the authors’ hemodynamic measures (car-
diac index, as shown in their Table 2) were
indexed. Using a new measurement (AdjBW
or PBW) that is not used to normalize other
variables will need validation in future
studies.

The use of EVLW as a tool to diagnose
and treat ARDS has drawbacks: It re-
quires a pulmonary artery catheter, a
5-Fr femoral artery catheter, and multi-
ple measurements. EVLW should not be
used at a single point in time but rather
as a method to follow the physiologic
changes of the capillary leak in ARDS and
identify the point at which the leak im-
proves. This is labor intensive at present.
Other physiologic, less invasive tech-
niques, such as pulmonary leak scans (7,
8), may be more useful to diagnose ARDS.

On the positive side, EVLW might be a
better determinant of the onset and res-
olution of the acute phase of ARDS than
the presently used criteria. Perhaps the
patients who had sepsis and elevated

EVLW but did not meet strict ARDS clinical
criteria actually had subclinical ARDS. If
this is the case, changing variables, such as
adjusting weight, would not be necessary to
make the patient fit the technology. In-
stead, we believe that the technology im-
proves the diagnosis of the patient’s disease.
We need a better way to diagnose ARDS,
and the article by Dr. Berkowitz and col-
leagues (4) reinforces our desire to con-
tinue to search for an objective measure to
identify this entity.

H. David Reines, MD, FACS, FCCM
Inova Fairfax Hospital
Department of Surgery
Falls Church, VA
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Interleukin-6 plasma level in organ donors influences outcome for
recipients of organ transplantation: Is it clinically relevant?*

Organ shortage is a well-
known and well-substanti-
ated fact. In the United
States in 2007, �26,000 pa-

tients received organ transplantations
from �13,000 donors. However, the
number of patients waiting for an organ
is still �98,000 (1). Based on the contin-
uous increased gap between available or-
gans for transplantation and patients
waiting on the list for organ transplanta-
tion, in �70,000 patients (1), different
strategies have been developed to in-
crease organ transplantation. The appli-
cation of “expanded donor” criteria, the
use of organs that in the past were not
considered for transplantation, has been
successful for this purpose. Expanded do-
nor criteria include use of donors of older
age, donors who were exposed to hepatitis
B and C viruses, grafts infiltrated with fat,
non-heart-beating donors, donors with hy-
pernatremia, or donors with multiple co-
morbidities (2). Another approach used to
address the increased demand in organ
transplantation has been the introduction
of live donor transplantation, which in
2001 exceeded transplantation from cadav-
eric donors (1). However, live donor trans-
plantation is not applicable to every solid
organ, and not every program has the re-
quired expertise and infrastructure to run
this type of program (3). Living donor
transplant poses complex ethical chal-
lenges in part due to widespread altru-
istic donation in the United States and
due to the monetary exchange known to
take place in countries different from
the United States (4).

In this issue of Critical Care Medicine,
Dr. Murugan and colleagues (5) describe
the correlation between cadaveric donor
plasma level of interleukin (IL)-6 and the

recipient’s outcome after transplantation.
It is known that brain death is accompa-
nied by a “cytokine storm,” which in
turns creates donor instability and organ
damage (6–8); however, this is the first
study that correlates the plasma level of a
cytokine in the donor to the recipient’s
6-month hospital-free survival. The authors
demonstrated with an elegant method that
higher levels of IL-6 in the donor are asso-
ciated with a worse outcome in the recipi-
ent. This article introduces a novel and
somewhat substantiated approach to pre-
dict the recipient’s outcome; nevertheless,
the study raises many questions. First, it is
difficult to introduce the measurement of
cytokine plasma level on a routine basis as
one of the screening tests to be performed
on every cadaveric donor. Time and cost
are two important factors that drive deci-
sions of organ procurement organizations
around the country, and a future feasibility
study might help in determining if the ben-
efit of this data can overcome the burden of
time and cost involved with the acquisi-
tion of this information. Second, there is
not an accepted standardized protocol for
the maintenance of cadaveric donors in
the United States. Therefore, what the
authors observed in their cohort of do-
nors and recipients might not reflect the
implications of IL-6 plasma levels in the
rest of the country. Third, there is con-
flicting evidence in the medical literature
about the effect of IL-6 on different types
of cells. As an example, Bin Gao (9) de-
scribed a protective effect of this cytokine
on hepatocytes. Finally, based on the ev-
idence that corticosteroids decrease
plasma levels of IL-6 (10), it might have
been interesting to know the outcomes of
the recipients of the eight donors who
received corticosteroids.

Recently only a few articles about trans-
plantation have caught my interest as
much as this one. The results of this re-
search, although difficult to apply clini-
cally, open up a new way of assessing out-
comes in organ transplantation, and while
we are not at the point where organs will be
declined from donors solely based on ele-

vated IL-6 level, this may become an im-
portant factor in evaluating donors, espe-
cially in a time when expanded donors are
increasingly evaluated and used in trans-
plantation.

Cataldo Doria, MD, PhD, FACS
Jefferson Medical College
Thomas Jefferson University

Hospital
Department of Surgery
Division of Transplantation
Philadelphia, PA
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Epidemiology on intra-abdominal hypertension: An urgent call for
multicenter trials*

I n this issue of Critical Care Med-
icine, Dr. Vidal and colleagues (1)
report the results of a study enti-
tled “Incidence and Clinical Ef-

fects of Intra-abdominal Hypertension in
Critically Ill Patients.” On first sight, it
looks as if this study just repeats the
previously performed multicenter studies
on prevalence and incidence of intra-
abdominal hypertension (IAH) and ab-
dominal compartment syndrome (ACS)
(2, 3). Is this really the case? Dr. Vidal and
colleagues (1) collected prospective data
on 83 critically ill patients in a sample of
153. They found that IAH (sustained in-
crease in intra-abdominal pressure [IAP]
of �12 mm Hg) was present at admission
in 23–31% of cases (depending on
whether mean or maximal IAP values
were used), whereas 12% developed ACS.
Primary IAH was seen in 32% of patients
with IAH. Patients with IAH were sicker,
had more organ failure, and a higher hos-
pital mortality (53% vs. 27%) than pa-
tients with a normal IAP. Risk factors for
IAH were fluid resuscitation, acidosis, hy-
potension, ileus, mechanical ventilation,
and acute respiratory distress syndrome.
The most important message is that in
critically ill patients with capillary leak or
sepsis, futile resuscitation may lead to
positive daily and cumulative fluid bal-
ance, IAH, and subsequent morbidity (or-
gan failure) and mortality. Therefore, in-
tensive care unit (ICU) physicians no
longer have an excuse not to obtain a
baseline IAP value in patients with two or
more risk factors for IAH (4, 5).

This epidemiologic study has a lot of
similarities with previous multicenter
studies, in which multiple logistic regres-
sion analysis showed that the occurrence
of IAH during the first week of ICU stay is
an independent outcome predictor,
whereas the mean IAP at admission is
not. In the present study, Dr. Vidal and
colleagues (1) showed that maximal IAP
was also identified as an independent pre-
dictor of mortality. This is a new finding,
as is the association of IAH with the Se-
quential Organ Failure Assessment score,
and more particular, renal and respira-
tory subscores, abdominal perfusion pres-
sure (APP � mean arterial pressure �
IAP), and the filtration gradient (FG �
mean arterial pressure � 2 � IAP). The
authors are the first to have successfully
incorporated the new consensus defini-
tions recently published by the World So-
ciety of the Abdominal Compartment
Syndrome (WSACS, www.wsacs.org),
confirming the results from previous
studies (4, 6, 7). They also looked at dif-
ferences in the prognostic ability of IAP-
mean vs. IAPmax and performed the
proper analysis identifying thresholds for
IAP and APP with receiver operating
characteristic curves. The authors found
no significant difference between mean
or maximal IAP at admission (days 1 and
2) between survivors and nonsurvivors,
whereas APP was significantly lower in
nonsurvivors already from day 2 onwards,
suggesting that APP could be a better
outcome predictor or resuscitation target
than IAP. This is an interesting point that
could have been stressed more because it
has only been studied retrospectively so
far (8). Another good point is that prog-
nostic markers were not based on single
IAP measurements but on the mean of
two IAP measurements with 3-min inter-
vals, so as to rule out possible measure-
ment outliers (7). The study also tackles
the issue of the ideal frequency of IAP
monitoring. The article stresses again the
importance of measuring IAP in the ICU
on a daily basis and the implications IAH
and ACS can have on mortality.

To play the devil’s advocate, one could
argue that the questions that Dr. Vidal
and colleagues (1) tried to answer have
already been addressed. From the intro-
duction, it is unclear why yet another
similar study is needed. Patients with IAH
are sicker than those without, and this is
associated with morbidity and mortality.
Although this is certainly true, it is noth-
ing new: reading the conclusions about
the relationship between IAH/ACS and
morbidity and mortality brings to mind a
number of similar articles that have
reached the same conclusions again and
again. Open questions related to risk
stratification, early diagnosis, and inno-
vative preventive or treatment methods
were not addressed in this article.

Does this study really add to the grow-
ing body of evidence showing that in-
creased IAP has a negative effect on organ
function and patient outcome? This ques-
tion is difficult to answer because data on
only 83 patients can hardly be extrapo-
lated to the general ICU population, es-
pecially because 60 patients (or 39.2%) of
the initial sample were excluded from the
final analysis. The authors conducted a
prospective 9-month study but only in-
cluded 83 patients? How many beds has
the ICU under study? What was the body
mass index in the study population? Were
obese patients excluded? Was this really a
cohort study or a random sample? Epide-
miologic conclusions can only be drawn
if the collected data are complete and of
good quality; was this the case? Further-
more, the results reported are difficult to
interpret because Table 1 contains data
collected at admission and during the
ICU stay (64% of patients developed IAH
but only 31% presented with IAH at ad-
mission). The authors could also have
done a better job on other points, as we
will demonstrate below.

Dr. Vidal and colleagues (1) used the
old-fashioned Kron technique for IAP
measurement, which is probably inferior
to other techniques. Recently, standard-
ized IAP measurement kits to avoid inter-
observer and intra-observer variability

*See also p. 1823.
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have become available, such as the Foley-
Manometer (www.holtech-medical.com),
the AbViser valve (www.wolfetory.com),
or even a fully automated continuous
technique by means of a balloon-tipped
nasogastric tube (www.spiegelberg.de or
www.pulsion.com) (9–14). It is impor-
tant that a good IAP measurement tech-
nique is used for study purposes because
definitions of IAH and ACS (and thus the
epidemiologic prevalence and incidence
data) stand or fall with the accuracy and
reproducibility of the method used.

Another major drawback is that a vol-
ume of 50 mL was used to prime the
bladder before IAP measurement, whereas
the World Society of the Abdominal Com-
partment Syndrome advocates the instil-
lation of a maximal amount of 25 mL (6,
7). Recent studies have shown that in-
stilling even a relatively small volume
into the bladder may increase intrinsic
intravesical pressure 1 to 2 mm Hg. With
a mean IAP of around 10 mm Hg, this
would produce a 10–20% error (15–17).
The authors also used the wrong zero
reference point, namely, the symphysis
pubis. The consensus definitions advo-
cate the use of the midaxillary line at the
level of the iliac crest (6). This has re-
cently been studied in a multicenter fash-
ion (18, 19). The authors state the num-
ber of patients who were mechanically
ventilated but failed to mention if they
were under sedation or curarization,
which can also affect baseline IAP values.

Finally, the authors looked at the ef-
fect of IAH on organ function and found
an inverse relation with renal function
(as expressed by the Sequential Organ
Failure Assessment renal subscore and
filtration gradient). However, it is unfor-
tunate that they did not look at the acute
kidney injury and RIFLE criteria for
their study population, which would
have given extra and new value to the
results (20).

The data presented in this issue of
Critical Care Medicine may raise even
more questions than they answer, and
this may also hold true for the majority of
the available literature data available be-
cause of the previous lack of standardized
IAP pressure measurement methods and
good consensus definitions.

Currently, no multicenter, random-
ized, interventional, controlled clinical
trial is available to tackle the question of
whether an increase in IAP is a phenom-
enon or an epiphenomenon and whether
any intervention to normalize IAP or APP
will eventually affect patient outcome.

Until that study exists, there will always
be believers and nonbelievers (21).

The development of a management al-
gorithm for IAH/ACS compares with the
multifaceted approach emerging for early
goal-directed therapy in sepsis (22). In-
deed, these two syndromes overlap, and
the 2004 Surviving Sepsis Campaign
guidelines call for careful fluid manage-
ment to prevent IAH (23). To survive sep-
sis, consensus campaigns have called for
vigilance in diagnosis, careful monitoring
during goal-directed resuscitation, and
multifaceted early interventions, includ-
ing antibiotics, vasopressors, inotropes,
steroids, activated protein C, and tight
glucose control, along with other general
ICU standards of care (24–26). With these
bundles of evidence-based recommenda-
tions, small supportive studies have been
completed and large multicenter trials
are underway (27). Clinicians and re-
searchers interested in IAH/ACS must
tread the same path. In many ways, we
have already started down this path (21).
In general, we understand who is at risk,
how to monitor them, and we have nu-
merous preventive and therapeutic inter-
ventions for IAH/ACS (4, 7). Similar to
early goal-directed therapy in sepsis, few
of these interventions are based on level 1
evidence (4). However, at least some evi-
dence exists for many of these therapies,
thus providing us with a start for an IAH/
ACS therapeutic bundle. The urgency for
progress is real. The prevalence and inci-
dence data for IAH/ACS demonstrate that
IAH and ACS are real and do exist, not
only in surgical, trauma, or burn pa-
tients, but also in patients admitted to a
medical ICU. The prevalence and inci-
dence data show that at a minimum, IAH
and sepsis go hand in hand (2, 3). It is
also not unrealistic to suggest that IAH/
ACS may affect an even greater number
of ICU patients than those affected by
sepsis (2).

Considerable progress has been made
over the past decade, but significant work
still needs to be done. We must study and
learn from the past and, at the same time,
proactively “invent” the future. As aptly
described by Ivatury and Sugerman (28),
IAH/ACS is “. . . a clinical entity that had
been ignored for far too long . . . . . . the
mystery of IAH and ACS continues to
unfold, transgressing the boundaries of
acute and chronic illness and medical and
surgical specialities.” Recently, Sugrue (29)
asked for practice guidelines, and Mal-
brain (30) questioned whether it would
be wise not to think about IAP. The fu-

ture of patients with IAH and ACS is in
our hands, and the results of the present
study and other recent multicenter stud-
ies confirm the importance of IAH and
ACS on patient outcome (1–3, 31). For
those who carry the mandate to future
IAH/ACS research, the path ahead is
clear. Using available evidence, we must
develop an IAH/ACS therapeutic bundle
and apply it in a multicenter, prospective,
outcome trial.

We invite others to join the World
Society of the Abdominal Compartment
Syndrome, to adhere to the consensus
definitions posted at the Web site, and to
submit some prospective data for the next
world congress (www.wcacs.org) to be
held in Dublin, Ireland, June 24 –27,
2009.

Manu L. N. G. Malbrain, MD,
PhD

Inneke De Laet, MD
Department of Intensive Care
ZiekenhuisNetwerk

Antwerpen
ZNA Stuivenberg
Antwerpen
Belgium
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The ups and downs of a good idea: Phased chest and abdominal
compression–decompression cardiopulmonary resuscitation in
cardiac arrest*

Approximately 166,000 out-of-
hospital cardiac arrests occur
annually in North America,
with a median reported sur-

vival to discharge of 6.4% (1, 2). Despite
advances in the delivery of care and in-
novations in cardiopulmonary resuscita-
tion (CPR), prognosis remains poor. Im-

proving outcome from sudden cardiac
arrest is a healthcare urgency, but clini-
cal human research is very difficult sec-
ondary to ethical concerns over informed
consent and poor funding (3). Innova-
tions to improve vital organ blood flow
were introduced into the 2005 American
Heart Association CPR guidelines, which
attempted to maximize coronary and ce-
rebral perfusion pressures and minimize
their loss from excessive ventilation dur-
ing the hemodynamic phase of cardiac
arrest (4, 5). Nevertheless, disappoint-
ment with outcomes from conventional
CPR has prompted researchers to inves-
tigate alternative methods to improve vi-
tal organ blood flow and postresuscita-
tion survival.

Active phased compression– decom-
pression resuscitation (APCDR) is an al-
ternative to standard CPR that traces its
origins from computer-based analog
modeling designed to optimize coronary
and cerebral perfusion (6). It is per-
formed by a hand-held seesaw-like device
that delivers coincident positive intratho-
racic pressure and abdominal decompres-
sion, followed by negative intrathoracic
pressure and abdominal compression.
During the chest compression phase, the
positive intrathoracic pressure is thought
to augment cerebral perfusion pressure
with coincident decompression of the ab-
domen, which reduces ventricular after-
load. Active chest decompression with ab-
dominal compression increases venous

*See also p. 1832.
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return and augments coronary perfusion
pressure (7). Adequate coronary and ce-
rebral perfusion pressures after pro-
longed cardiac arrest but before defibril-
lation are the main determinants of
survivability and neurologic outcome (8).

Early animal studies with APCDR sug-
gested improved survival with increased
coronary and cerebral perfusion pres-
sures when compared with standard CPR.
Tang et al. (9) induced ventricular fibril-
lation in a porcine model of cardiac ar-
rest. Animals were randomized to either
Lifestick (Datascope Corporation, Fair-
field, NJ) APCDR or standard CPR. Sig-
nificant improvements in coronary perfu-
sion pressure, aortic pressure, end-tidal
CO2, 48-hr survival, and neurologic re-
covery over standard CPR were demon-
strated. Wenzel et al. (10) performed a
confirmatory study of the hemodynamic
effects of Lifestick APCDR relative to
standard CPR, also in the porcine model.
Lifestick APCDR animals again demon-
strated improved coronary and cerebral
perfusion, mean arterial pressure, and
end-tidal CO2 compared with standard
CPR. More significantly, Wenzel et al.
(10) were able show that the survival and
neurologic improvements from earlier
animal studies were associated with im-
proved coronary and cerebral perfusion
pressures compared with standard CPR.

Arntz et al. (11) performed a prospec-
tive, blinded feasibility and safety study of
50 patients randomized to Lifestick
APCDR (n � 24) or conventional CPR
(n � 26) in patients with nontraumatic
out-of-hospital cardiac arrest. Although
no improvement in outcome was demon-
strated, Lifestick APCDR demonstrated
no significant chest or abdominal com-
plications. Rescue personnel considered
application of the Lifestick device practi-
cal and relatively easy to fixate to the
chest. Notably absent was any objective
hemodynamic assessment of Lifestick or
conventional CPR. Overall, Lifestick ap-
plication seemed feasible and safe, but
the small sample size and variability in
presenting rhythms between the groups
limited any assessment of hemodynamic
efficacy.

In the current issue of Critical Care
Medicine, Dr. Havel and colleagues (12)
examine the safety, feasibility, and hemo-
dynamic consequences of Lifestick
APCDR compared with mechanical chest
compression (Thumper device, Michigan

Instruments, Grand Rapids, MI) in a pro-
spective, case-control, clinical study of
prolonged cardiac arrest.

Caveats that are appropriately noted
by the authors at the outset are that the
experimental and control groups were
not randomized, physicians were not
blinded to the interventions, and the
small sample sizes (Lifestick, 20;
Thumper, 11) preclude any definitive
commentary on efficacy or safety. Never-
theless, the article by Dr. Havel and col-
leagues (12) provides interesting and
valuable commentary on the hemody-
namic and echocardiographic changes as-
sociated with APCDR in humans.

In five patients, direct measurements
revealed increased coronary perfusion
pressures and, in 15 patients, increases in
end-tidal CO2 during Lifestick APCDR
relative to mechanical precordial com-
pression, supportive of preserved and
possibly improved coronary perfusion
pressures and cardiac output.

Transesophageal echocardiography was
performed in a limited number of Lifestick
and Thumper patients, revealing that likely
both thoracic and cardiac pump mecha-
nisms are mutually operative to maintain
blood flow during CPR (13).

At this time, Lifestick resuscitation
cannot be recommended in cardiac arrest
because of the lack of any objective ben-
efit and limited human studies. Neverthe-
less, Dr. Havel and colleagues (12) should
be congratulated on moving forward an
adjunctive resuscitation technique that
remains promising. Future studies
should be directed to further clarify the
hemodynamic consequences of Lifestick
resuscitation earlier in cardiac arrest,
with higher compression and lower ven-
tilation ratios to be consistent with cur-
rent American Heart Association CPR
guidelines.

Edward M. Omron, MD, MPH,
FCCP

Pulmonary and Critical Care
Service

Ingham Regional Medical
Center

Lansing, MI
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Gender differences after hemorrhagic shock from blunt trauma:
What is helping the women?*

A great debate has been surfac-
ing in intensive care units in
recent years. At stake in this
debate is the validity of the no-

tion that gender-differentiated outcomes
are unequal for similar disease entities.
The majority of investigators interested
in this topic seem to think that women
appear more physiologically positioned to
withstand a septic challenge. This stance
is more clearly defensible for female rats
than female humans, as human studies
have yielded conflicting gender-stratified
results, depending on the population and
disease studied (1).

A less-debated aspect of the argument
is the mechanism by which women may
theoretically gain their advantage over
their male counterparts in the aforesaid
septic challenge. The exact mechanism
for the protection is unclear, but the
stance by the pro-female advocates has al-
ways been initiated by the most fundamen-
tal of the difference between the sexes: the
female sex hormones. They reason that be-
cause female sex hormones in the studied
populations are the only discernible differ-
ences among the groups, these entities
must contain the elixir that staves off the
woes of sepsis. Which sex hormones is less
clear, but what else could women have in
sufficient quantities over men to create a
physiologic difference in a given clinical
setting?

The recent study by Dr. Sperry and
colleagues (2) in this issue of Critical
Care Medicine gives some much needed
support for the first debate of whether
any gender-differentiated outcomes be-
tween men and women exist (they do).
However, in attempting to authenticate
the purported superiority of their female
patients, the authors have also thrown
the proverbial monkey wrench into the
basis for this advantage. These investiga-
tors found that adult female patients after
severe blunt trauma complicated by hem-
orrhagic shock fared better in regard to
multiple organ failure and nosocomial in-
fection rates. However, these advantages
occurred in both premenopausal and
postmenopausal women, indicating that
the effects of sex hormones were unlikely
to be a valid mechanism.

On further analysis of these intriguing
results, several observations require ru-
mination. First, this retrospective study,
gleaned from the data of The Inflamma-
tion and Host Response to Injury grant,
was not designed to solve the gender-
protection question. Next, the reader sees
that questions arise concerning the base-
line equality between the male and fe-
male groups. The Injury Severity Scores
for men and women are identical, but the
initial resuscitation and initial Acute
Physiology and Chronic Health Evalua-
tion II scores differ significantly between
the groups. The transfusion require-
ments for the initial 12 hrs also differ
between the two groups, but not signifi-
cantly, and the authors did not report
their 24- or 48-hr transfusion require-
ments. In addition, the men in this study
did have a higher rate of alcoholism com-

pared with their female counterparts.
Most importantly, however, the need for
initial laparotomy and thoracotomy did
differ between the two groups, implying
that the men were more severely in-
jured than their female counterparts,
even if this feature was not demon-
strated by the Injury Severity Scores.

Whether these aforementioned ob-
servations indeed explain the subse-
quent differences in nosocomial infec-
tion or organ dysfunction rates in men
over women is a matter for conjecture.
Plausibility and common sense would
claim that the summation of these
baseline differences, rather than sex
hormones or unidentified elusive female-
specific factors, would bear the burden
for creating the adverse secondary out-
comes for the male patients reported
herein. Nonetheless, in this retrospec-
tive blunt trauma study evaluating the
host response to hemorrhagic shock,
Dr. Sperry and colleagues (2) have con-
tributed more valuable data for all sides
of the ignited outcome debates regard-
ing gender and sepsis.

Soumitra R. Eachempati, MD
Department of Surgery
New York Presbyterian Hospital
New York, NY
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Critical illness myopathy: Deeper insights*

Acutely acquired neuromuscu-
lar dysfunction occurs in
�50% of intensive care unit
patients with sepsis for a dura-

tion of �1 wk (1). Often, this involves
neuropathy and myopathy together, but
these entities can occur independently in
many patients (2, 3). The pathogenesis of
critical illness neuropathy and myopathy
is not known, but recent research is pro-
viding promising insights.

In this issue of Critical Care Medicine,
Dr. Rossignol and colleagues (4) report
their study of skeletal muscle taken from
septic rats (cecal perforation model) in
which they found reduced force of con-
traction but faster contraction and relax-
ation times compared with controls. Fur-
thermore, they found that the muscle
fatigued more quickly, despite reaching
maximal tetanic force more quickly. In ex-
amining the molecular mechanisms under-
lying these phenomena, they discovered an
increase in the ryanodine receptor expres-
sion, which related to increased messenger
RNA activity responsible for its synthesis.
As a separate issue, they observed increased
sensitivity to the neuromuscular blocking
agent atracurium. What does it all mean?

The increased sensitivity to neuro-
muscular blockade suggests a problem
with neuromuscular transmission (in the
sense of reduced acetylcholine from
nerve terminals or a decrease in receptors
at the endplate), but this has never been
demonstrated in critical illness neuromy-

opathy. Indeed, the problem seems to be
dissociable from neuropathy. It could
well relate to the diminished activity of
sodium channels, including the endplate
region, which Dr. Rossignol and col-
leagues have also described (5).

The most intriguing aspect of this ar-
ticle is the potential insight into altered
cytoplasmic ionized calcium homeostasis
in skeletal muscle, which may play a role
in some of the myopathies of critical ill-
ness (6, 7). To activate muscle contrac-
tion, ionized calcium must be released
from the sarcoplasmic reticulum within
the muscle cells. Sarcoplasmic reticulum
calcium release (ion) channels are gov-
erned by the large macromolecular com-
plex known as the ryanodine receptor
(RyR1). The activity of the receptor, and
therefore, the release of ionized calcium
into the cytoplasm, is affected by numer-
ous factors that phosphorylate its regula-
tory subunits or nitrosylate-free sulfhy-
dryl groups on its cysteine residues (8).
These include calmodulin, calstabin-1,
and others that can, in turn, be influ-
enced by various “stressors,” including
catecholamines, ischemia, acidosis, and
possibly, inflammatory mediators. Exces-
sive cytoplasmic calcium can cause much
mischief within the muscle cell, includ-
ing oxidation of myofibrillar proteins (9).
This might explain the observations of
Dr. Rossignol and colleagues (4). The
large muscle slow-twitch fibers are
higher in oxidative reserves than the type
2, rapid-twitch fibers; selective dysfunc-
tion or loss of the larger, slow-twitch
fibers might then allow for the more
rapid onset, but less tetanic strength, of
contraction that they observed.

Further research is clearly needed to
substantiate these findings and to explore
the mechanisms in more detail. Dr.
Rossignol and colleagues (4) are to be

commended for their continued pursuit
of muscular weakness in critically ill/
sepsis models.

G. Bryan Young, MD, FRCPC
Department of Clinical

Neurological Sciences
University Hospital
The University of Western

Ontario
London, Ontario
Canada
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A treatment worth its salt?*

A new era in the treatment of
shock began with the 1980 re-
port that hypertonic (7.5%) sa-
line (HS) could resuscitate

dogs in hemorrhagic shock (1). This
study sparked numerous investigations
into the benefits of HS either alone or
with dextran or hetastarch to resuscitate
experimental animals from hemorrhagic
hypotension (cited in Ref. 2) and led to
several clinical trials in patients with
traumatic hypotension (3–5). Other stud-
ies investigated the efficacy of these fluids
in traumatic brain injury or intracranial
hemorrhage (5, 6). These studies pro-
vided solid evidence for the physiologic
effects of hypertonic fluids on expanding
plasma volume and improving cardiac
output, regional blood flows, and the mi-
crocirculation.

Sprinkled among the earlier studies
were a few from the 1980s and early
1990s that investigated whether the he-
modynamic effects of HS would be useful
as supportive therapy in the treatment of
sepsis in experimental animals (7–9).
However, in the past decade recognition
of possible immunomodulating effects of
HS has opened new possibilities that the
benefits of HS could extend beyond its
hemodynamic effects. Hypertonicity was
shown to inhibit leukocyte adherence and
activation. Subsequent to improved mi-
crocirculatory flow, use of hypertonic flu-
ids was associated with a reduction of
neutrophils rolling and sticking to the
endothelial cells of blood vessels (10–12).
In addition, in isolated neutrophils from
healthy human volunteers, it was ob-
served that HS alone or with dextran in-
hibited their respiratory burst and de-
creased �2-integrin expression, superoxide
production, and elastase release, but only
if HS was added before neutrophils be-
came primed or activated (10–14). How-

ever, if HS was added after neutrophil
priming or activation, superoxide pro-
duction and elastase release were actually
enhanced (13). Immunomodulatory ef-
fects of HS have since been investigated
in animal models of hemorrhage. Pascual
et al. (12) observed that infusion of HS
reduced neutrophil adherence to pulmo-
nary endothelium and reduced lung my-
eloperoxidase activity compared with in-
fusion of lactated Ringer’s solution.
These authors also reported that the sus-
ceptibility to sepsis after hemorrhage was
diminished, possibly due to inhibition of
sepsis-induced P-selectin expression or to
bacterial challenge. Taken together, these
data suggested that modulation of im-
mune function by HS could possibly re-
duce secondary complications of infec-
tion and that initial or early hypertonic
saline resuscitation would be of greater
benefit than infusion after administration
of conventional fluids. A similar conclu-
sion that hypertonic fluids should be the
initial resuscitation fluid was also drawn
from the hemorrhage studies in experi-
mental animals (2).

In this issue of Critical Care Medicine,
Dr. Shih and colleagues (15) present a
well-designed, comprehensive investiga-
tion of the use of HS vs. normal saline in
a peritonitis-induced (cecal ligation and
puncture [CLP]) septic shock model in
rats. HS was infused 3 hrs after CLP. The
investigators monitored standard hemo-
dynamics and the systemic pressor re-
sponse to norepinephrine over an 18-hr
period. In addition, they measured blood
glucose, indices of hepatic and renal
function, lactate dehydrogenase as a gen-
eral index of cellular injury, and plasma
interleukin-1� and nitric oxide levels.
Upon euthanasia, thoracic aorta, lung,
liver, and kidney were assayed for super-
oxide levels and lung and liver for expres-
sion of inducible nitric oxide synthase.
Histology was performed on lung, liver,
kidney, and aorta for evidence of neutro-
phil infiltration, and survival rates at 9
and 18 hrs were quantified. The investi-
gators observed that HS infusion main-
tained mean arterial pressure in CLP rats
with no effect on heart rate. In addition,
HS infusion in these rats improved sys-

temic vascular reactivity and indices of
organ and general cellular injury. Mech-
anistically, the investigators reported
that HS attenuated the elevated levels of
several mediators in both plasma (inter-
leukin-1� and nitric oxide) and tissues
(superoxide). This translated into re-
duced neutrophil infiltration in lung and
liver and 27% and 47% higher survival
rates at 9 hrs and 18 hr, respectively, in
CLP rats that received HS compared with
normal saline. This study shows that in
an animal model that may be the closest
mimic available to human septic shock, 4
mL/kg HS was able to prevent hypoten-
sion, reduce organ dysfunction, and im-
prove survival, possibly through its actions
on hemodynamics and the inflammatory
response.

Although this study has limitations re-
garding the clinical significance of the
level of improvement seen with HS over
normal saline, as well as the relevance of
the results to human sepsis and septic
shock, it does expand the therapeutic po-
tential of HS in this field. Currently, a
multicenter trauma trial sponsored by
the U.S. National Institutes of Health and
the U.S. Army is underway evaluating HS
alone or with dextran compared with nor-
mal saline. Some of the enrolling centers
are investigating the potential benefit of
these hypertonic fluids on immune func-
tion and their ability to reduce multior-
gan failure. The results of these studies
are highly anticipated. Perhaps this study
by Dr. Shih and colleagues (15) will en-
courage the planning of similar clinical
studies to evaluate HS as the initial re-
suscitation fluid in the therapy of sepsis
and septic shock, beyond its typical phys-
iologic effects.

Michael A. Dubick, PhD
U.S. Army Institute of

Surgical Research
San Antonio, TX
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Levo is in the air: Take a deep breath!*

Mrs. Fictive-Fitness is a 40-
yr-old “healthy” woman
who underwent a laparo-
scopic cholecystectomy

that was complicated by iatrogenic intes-
tinal perforation, necessitating a 10-cm
bowel resection with end-to-end anasto-
mosis. On the second postoperative day,
she developed septic shock and required
high doses of norepinephrine to maintain
a sufficient mean arterial blood pressure.
Despite a hemoglobin value of 10 g/dL
and appropriate intravascular volume re-
placement, her central venous oxygen
saturation was unacceptably low, so in-
cremental doses of dobutamine were con-
tinuously infused with the aim to achieve
threshold values of 	70%. Although the
surgical focus had been eliminated and
antibiotic therapy was judged as appro-
priate, septic shock progressed. Probably
due to adrenergic receptor down-regula-
tion, excessive catecholamine doses were
needed to maintain at least a minimal
circulation. In the meantime, Mrs. Fic-
tive-Fitness had undergone metamorpho-
sis and converted into Mrs. Ultra-Weak-

ness. As she suffered from multiple organ
failure despite (or because of?) having
received 1 �g/kg/min norepinephrine and
25 �g/kg/min dobutamine, the intensive
care physicians in charge considered ad-
ministering levosimendan as drug of last
resort, hoping that a somewhat “magic
bullet” could revive her. Because she had
severe myocardial insufficiency with a
cardiac index of 1.5 L/min/m2 and a cen-
tral venous oxygen saturation of only
45%, the team decided to give a bolus
dose of 24 �g/kg body weight. Some min-
utes later, her mean arterial blood pres-
sure dropped dramatically, and a couple
of hours thereafter she was dead. What
went wrong with this case?

In the last years, levosimendan has
emerged as a promising agent in the
management of reversible cardiovascular
dysfunction. Levosimendan is a calcium
sensitizer that reliably increases cardiac
output at low energetic costs. Due to si-
multaneous activation of adenosine
triphosphate-sensitive potassium chan-
nels, levosimendan contributes to global
vasodilatation within the systemic and
pulmonary circulation (1). Whereas the
decrease in afterload may be desirable,
the subsequent decrease in systemic vas-
cular resistance may threaten organ per-
fusion. Therefore, it is important to guar-
antee both appropriate vascular filling
and tone before levosimendan infusion.
Since the vasodilatory properties are dose
dependent, vasodilation is most pro-
nounced if a bolus is given (without pre-

ceding volume loading and coadministra-
tion of a vasoconstrictor agent). But what
do we do if the patient suffers from sys-
temic inflammation, associated with pro-
nounced vasodilatation in conjunction
with pulmonary hypertension and right
heart failure? In this life-threatening con-
dition, it would be smart to administer an
anti-inflammatory agent that ameliorates
cardiopulmonary dysfunction without
further deteriorating systemic hemody-
namics and tissue perfusion.

In this issue of Critical Care Medicine,
Dr. Boost and colleagues (2) report the
results of a timely and carefully con-
ducted study investigating the role of
aerosolized levosimendan in the experi-
mental setting of ventilator-induced lung
injury (VILI) in rats. The authors demon-
strated that nebulization of levosimen-
dan, when applied preinjury, reduced the
release of inflammatory mediators and
improved survival. The data support the
concept that prophylactic inhalation of
levosimendan may be a useful option to
prevent pulmonary derangement in ven-
tilated subjects.

Previous studies provided evidence
that among the factors involved in the
pathogenesis of VILI, overdistension and
collapse of distal bronchioli and alveoli
during mechanical ventilation, as well as
activation and release of proinflammatory
mediators, play a pivotal role. In addition,
increased expression of intercellular ad-
hesion molecule-1, cytokine-induced
neutrophil chemoattractant-1, and

*See also p. 1873.
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monocyte chemoattractant protein-1 is
implicated in the inflammatory orches-
tration (3– 6).

Levosimendan has proven to inhibit
the expression of intercellular adhesion
molecule-1 and vascular cell adhesion
molecule-1 on the surface of endothelial
cells (7) and to reduce the release of en-
dothelin-1 (8). Additional anti-inflamma-
tory properties of levosimendan have
been reported during ischemia and reper-
fusion, acute heart failure, and experi-
mental sepsis (9–11). Pharmacologic pre-
conditioning with levosimendan is
currently known to represent a powerful
cell-protective mechanism conferring
relative resistance against cell death. Fi-
nally, an improvement in myocardial per-
formance associated with a decrease in
pulmonary vascular resistance (1) might
also contribute to an increase in tissue
perfusion and oxygenation.

In the study by Dr. Boost and col-
leagues (2), levosimendan exerted anti-
inflammatory properties, as indicated by
a decrease in proinflammatory cytokines
(i.e., macrophage inhibitory protein-2
and interleukin 1�) as well as a reduction
in nitric oxide release and matrix metal-
loproteinase-9 expression. The present
study confirms the notion that calcium
sensitizing may be a promising therapeu-
tic option in a condition in which the
right ventricle is acutely overloaded (1)
and suggests that levosimendan attenu-
ates the degree of inflammation in the
setting of mechanical ventilation (2).

Another important aspect of the cur-
rent study is that levosimendan has been
administered preventively. During the
last years, it has become more and more
obvious that the efficacy of goal-directed
therapies—whether the approach focuses
on balanced oxygen demand-supply rela-
tionship (12), hemodynamic stabilization
(13), or appropriate antimicrobial ther-
apy (14)—critically depends on early in-
stitution of therapy. In this regard, it is
especially noteworthy that even a power-
ful therapeutic agent may result in un-
changed or even increased mortality if
administration is delayed (14). In clinical
practice, however, levosimendan is com-
monly used as last resort, when conven-
tional (less expensive) inotropes have
failed to improve hemodynamics. This
may result in clinicians’ biased impres-
sion that many patients die after having
been treated with levosimendan. The ma-
jor question that needs to be addressed is
why we are not using levosimendan early
in the stage of the disease. In this regard,

it may be of relevance that physicians
more and more are forced to work as
economically as possible. Therefore, it
sometimes happens that potentially
promising therapeutic options are with-
held because of their considerable price
compared with standard therapy, which
may be less effective. Of course, it makes
no sense to break a fly on the wheel.
However, it is important to figure out
whether, when, and how potentially effec-
tive compounds may be used under spe-
cial circumstances. Although the results
of the current study strengthen the hy-
pothesis that levosimendan confers organ
protection and reduces mortality in the
experimental setting, it needs to be taken
into consideration that levosimendan was
given preinjury and that no randomized
clinical trials have shown that calcium
sensitizing reduces mortality in patients
suffering from VILI and right ventricular
overload.

Nevertheless, the work by Dr. Boost
and colleagues (2) is of special impor-
tance, since it demonstrated for the first
time that levosimendan can be effectively
aerosolized. Unfortunately, the study did
not determine the effects of inhaled levo-
simendan on cardiac output and vascular
resistance within the systemic and pul-
monary circulation. Although it appears
that this route of administration may be
preferable compared with classic intrave-
nous infusion, it needs to be taken into
account that inhalation of 240 �g of le-
vosimendan in 500-g rats corresponds to
30–40 mg (approximately three vials) in
adult humans. In this context, it remains
inconclusive a) which amount of the drug
actually reached the alveolar and pulmo-
nary microvascular compartment; b)
whether innovative nebulization tech-
niques may enable a more economic way
of drug distribution within the airways; c)
to what extent inhaled levosimendan ex-
erts (possibly adverse) systemic hemody-
namic effects; and d) whether the (poten-
tially increased) costs associated with this
innovative approach contribute to a bet-
ter outcome compared with conventional
inotropes or intravenous levosimendan
infusion, respectively.

When we view the published studies
on this topic together with the current
work of Dr. Boost et al. (2), it appears
reasonable to investigate the role of levo-
simendan in the early stage of the disease
(without a loading bolus dose, if possi-
ble). Since levosimendan administration
may contribute to arterial hypotension,
invasive monitoring is desirable to detect

and treat a relevant decrease in mean
arterial blood pressure. Future clinical
studies are needed to elucidate the safety,
efficacy, and costs of inhaled vs. intrave-
nous levosimendan. If the experimental
results by the current authors (2) are
replicable in humans, inhaled levosimen-
dan may become an attractive approach,
especially in hemodynamically unstable
conditions, such as acute heart failure or
sepsis-related myocardial depression (1).
We hope that the near future will reveal
whether our patients should take a deep
breath, when there is levo in the air.
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Calcium sensitizing in sepsis: Is levosimendan on the right path?*

Levosimendan is a triple-action
compound exerting positive
inotropic, vasodilatory, and an-
ti-ischemic effects at the same

time (1). Whereas the increase in myo-
cardial contractility is primarily mediated
by calcium sensitization, global vasodila-
tion and anti-ischemic properties are as-
cribed to activation of adenosine triphos-
phate–sensitive potassium channels
(KATP) in vascular smooth muscle cells
and the mitochondria, respectively. By its
unique mechanism, levosimendan may
thus increase cardiac output and improve
regional perfusion simultaneously. In
this context, previous experimental and
clinical studies demonstrated that levosi-
mendan attenuates right and left ventric-
ular dysfunction and increases both re-
gional blood flow and global oxygen
transport (2–4).

In addition to stimulation of KATP

channels, levosimendan may contribute
to vasodilation by blocking the release of
endothelin-1 (5), a potent vasoconstric-
tive peptide involved in the pathophysiol-
ogy of macro- and microvascular maldis-
tribution seen in septic shock. Finally,
levosimendan may beneficially affect en-
dothelial dysfunction by inhibiting the
expression of soluble adhesion molecules,
such as intercellular adhesion molecule-1
and vascular cell adhesion molecule-1
(6), thereby potentially attenuating sep-
sis-related microvascular dysfunction.

Dr. Schwarte and colleagues (7) also per-
formed experiments in this area and re-
ported that levosimendan increases gas-
trointestinal mucosal oxygenation in
healthy dogs, as determined by reflec-
tance spectrophotometry. Interestingly,
the latter authors demonstrated that the
increase in gastrointestinal perfusion re-
sulting from levosimendan infusion was
not completely dependent on an increase
in cardiac output, but was rather caused
by redistribution of blood flow toward the
gastrointestinal tract due to opening of
vascular smooth muscle KATP channels
(7). The fact that healthy animals were
studied, however, raises the crucial ques-
tion whether or not the beneficial micro-
circulatory effects caused by levosimen-
dan may also be replicated in the
presence of septic shock, a condition that
is characterized by maldistribution of re-
gional and microvascular blood flow.

In this issue of Critical Care Medicine,
Dr. Fries and colleagues (8) report the
results of a carefully conducted study de-
signed to compare the effects of norepi-
nephrine and levosimendan on microvas-
cular perfusion and oxygenation in a rat
model of septic shock. Using sidestream
darkfield imaging and oxygen-dependent
quenching of phosphorescence, the au-
thors showed that both norepinephrine and
levosimendan had comparable effects on
the restoration of sepsis-induced alter-
ations in systemic hemodynamics (i.e., car-
diac output) with no significant impact on
microvascular perfusion. Whereas levosi-
mendan significantly improved microvas-
cular oxygenation, norepinephrine con-
tributed to a further impairment. Despite
the restoration of cardiac output with
both vasoactive agents, neither norepi-
nephrine nor levosimendan improved mi-
crocirculatory blood flow. Unfortunately,

it cannot be excluded that the uncoupling
between unaffected microvascular oxygen
delivery (microvascular blood flow) and
increased microvascular oxygenation has
to be attributed to the techniques
adopted in this study. However, it appears
that �PO2 measurements are more sen-
sitive than the semiquantitative measure-
ments derived from the sidestream dark-
field imaging. Whether a larger sample
size would have yielded significant differ-
ences in terms of microvascular blood
flow remains inconclusive.

It also may be critically discussed
whether the animals have suffered from
hypovolemia at the time of levosimendan
administration (3, 4), as suggested by
marked hemoconcentration. The finding
that norepinephrine, an alpha-adrenergic
vasoconstrictor with scarce inotropic ef-
fects, resulted in a similar increase in
cardiac output when compared with levo-
simendan, a strong inodilator, is rather
surprising and in contrast to clinical ob-
servations. A potential explanation may
be that hypovolemia limited the increase
in cardiac output in the levosimendan
group, whereas the relatively high nor-
epinephrine dose exerted positive inotro-
pic effects by stimulation of beta-1 recep-
tors. Unfortunately, the authors did not
study an additional group treated with
combined levosimendan and norepineph-
rine. Such an approach would have helped
stabilize mean arterial pressure and in-
crease cardiac output simultaneously, and
potentially could have resulted in different
microcirculatory effects.

Opening of KATP channels in response
to levosimendan administration typically
is associated with significant vasodila-
tion. In the presence of an adequate vol-
ume status, the drop in blood pressure
may be limited by a simultaneous in-
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crease in cardiac output. In this context,
it is especially important to note that the
vasodilatory effects of levosimendan are
dose-dependent and most pronounced if a
loading bolus is administered. In the
presence of systemic inflammation
and/or vasodilatory shock states, levosi-
mendan should therefore only be given
when adequate fluid resuscitation can be
assured. In a condition in which a change
in myocardial contractility is not re-
quired immediately (e.g., in sepsis), it
may be reasonable to continuously infuse
levosimendan without a preceding load-
ing bolus dose (3, 4). Finally, we urgently
recommend combining levosimendan
with a vasopressor agent to circumvent a
(further) decrease in perfusion pressure.

To explain the levosimendan-associ-
ated increase in �PO2, Dr. Fries and col-
leagues (8) focused their attention on the
possible effects on mitochondrial KATP

channels and cellular mechanisms inde-
pendent of microvascular perfusion. Un-
der hemodynamic stress conditions asso-
ciated with microcirculatory alterations,
the opening of mitochondrial KATP chan-
nels may exert a positive effect on energy
consumption, as recently demonstrated
in the failing heart (9, 10). In this con-
text, it may be important that in the pres-
ence of reduced oxygen delivery and cel-
lular hypoxia, cells can adapt to maintain
viability by down-regulating oxygen con-
sumption, energy requirements, and ATP
demand (11), an adaptive phenomenon
often referred to as hibernation-type re-
sponse (11). Whether this protective
mechanism plays a similar role in sepsis-
related dysfunction in organs other than
the heart remains to be determined in
future studies. However, because mito-
chondrial dysfunction is critically in-
volved in the pathogenesis of multiple
organ failure (11), a compound reducing
oxygen consumption and preserving mi-
tochondrial function represents an inter-
esting therapeutic strategy in a state of
reduced energy availability, such as sep-

sis. By opening mitochondrial KATP chan-
nels, levosimendan may contribute to
maintenance of mitochondrial volume, to
amelioration of Ca2
 overload during
ischemia, and to preservation of mito-
chondrial function. Because these mech-
anisms are implicated in the prevention
of apoptosis (12), it is conceivable that
levosimendan likewise offers some degree
of protection against programmed cell
death.

The current literature on this topic,
together with the work of Dr. Fries and
colleagues (8), makes it appear very likely
that besides its positive effect on myocar-
dial contractility, levosimendan plays a
pivotal role in cellular protection. How-
ever, although it appears that levosimen-
dan is on the right path, future large-
scale, randomized clinical trials are now
needed to explicitly clarify whether or not
calcium sensitizing represents a rational
concept in patients suffering from septic
shock. If it can be proven that the bene-
ficial effects of levosimendan translate
into a reduced length of hospital stay and
a reduction in mortality, the discussion
about initially increased costs (as com-
pared with current standard therapy)
would certainly change significantly.
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Monitoring the brain: Lack of tools or lack of will?*

I n this issue of Critical Care Med-
icine, Dr. Jia and colleagues (1)
address the role of an electrophys-
iological marker to predict the

neurologic functional outcome associated
with temperature manipulations following
cardiac arrest in rats. While hypothermia
previously has been demonstrated to pro-
vide neuroprotection in rats, the important
message of this article is that in using
a quantified (q) electroencephalogram
(EEG), the authors were able to predict the
effect of various treatments on neurologic
outcome. This marker was predictive at a
time when the animal was in a coma and
thus the clinical neurologic exam unreveal-
ing.

Currently, imaging is the predomi-
nant mode of investigating the brain.
However, it is not designed for continu-
ous monitoring, only for point investiga-
tion, even with the advance of scanner
technology allowing bedside imaging.
Only a few techniques, such as positron
emission tomography or single photon
emission computed tomography, give in-
formation on metabolic state, and these
types of investigations are not readily
available (2). Jugular bulb oximetry, a
global reflection of the brain metabolic
status, cannot be maintained in situ for
prolonged periods (3). More recently,
brain cortical microdialysis techniques
have become available and bring a vast
array of information (4). However, this
type of monitoring also is highly invasive,
provides focal rather than global moni-
toring, and has yet to accumulate evi-
dence that it improves outcome. Thus, we
have no easily applied tools available for
continuous cerebral monitoring.

The EEG always has been a staple of
brain evaluation. However, it is not rou-
tinely utilized for brain-injured patients,

owing to what is felt to be a necessity for
skilled interpretation. Therefore, EEG
data rarely are used in the acute setting
for clinical decision-making. It is remark-
able that intensive care personnel com-
monly employ continuous monitoring for
organs such as the heart and lungs, but
not the brain. A simple 5-lead EEG can
now be displayed readily on most inten-
sive care and operating room monitors
with small computerized modules. Fur-
thermore, qEEG facilitates the process of
data interpretation. Commercially avail-
able qEEG monitors are used in the op-
erating room setting, developed in re-
sponse to demand by clinicians to
quantify the effects of anesthetic drugs on
the brain and to improve patient out-
comes (5–6). These monitors, such as the
bispectral index type, while far from per-
fect, have given clinicians a new tool to
monitor their patients.

Information quantity (IQ) is derived
through processing of hemispheric EEG
recordings and represents the variability
present in the tracings (7). Short win-
dows at various time points after resusci-
tation from cardiac arrest are analyzed by
computer algorithm. Discrete wavelet
transform is first applied to remove re-
dundancy after which Shannon’s entropy
is calculated (8). IQ is presented as a ratio
comparing this measurement to the pre-
arrest baseline. The qEEG is able to iden-
tify patterns associated with significant
injury; burst suppression, generalized
suppression, and seizure activity are all
periodic patterns and score low by IQ.
The authors demonstrate that early re-
turn of variability, as measured by higher
IQ, is predictive of neurologic recovery.
This correlation is shown to be signifi-
cant as early as 30 mins postresuscita-
tion.

IQ as described by Dr. Jia and col-
leagues (1), despite limitations, is a tech-
nology that could be adapted rapidly to
bring EEG to the bedside. Further inves-
tigation must be made to translate IQ
into clinical practice. IQ is expressed as a
ratio, relative to a baseline measurement
that one would not expect to be available
for most patients. The authors suggest
that IQ could be computed based on a

standardized baseline. Clinicians could
then follow a positive or negative trend,
and possibly use this information to
guide therapy. The absolute value may be
predictive as well. IQ could be subject to
pitfalls secondary to the effects of seda-
tives and anesthetics on human patients.
In high doses, many of these lead to slow-
ing and burst suppression, which would
be expected to lower IQ (9). In this study,
halothane did not appear to interfere with
IQ. Furthermore, it is the unresponsive
patient, in whom sedation is rarely re-
quired, where IQ would be most useful.
Nevertheless, more work needs to be
done to define the influence of anesthet-
ics on qEEG. Technology to suppress ar-
tifact and improve signal–noise ratio also
may be required to realize the full poten-
tial of quantitative EEG at the bedside.

IQ may be valuable clinically as an
early predictive tool following neurologic
injury, particularly in the setting of the
comatose patient. As Dr. Jia and col-
leagues suggest, IQ could help predict
outcome in patients resuscitated after
cardiac arrest (10). Conceivably, IQ also
could provide useful information in other
types of brain injury, such as intracranial
hemorrhage and traumatic brain injury.
In addition to providing prognostic infor-
mation, this tool possibly could monitor
response to therapeutic interventions. In
a more immediate translation to the clin-
ical arena, the return of variability also
could be monitored following major neu-
rosurgical procedures when secondary
brain injury may be expected and directly
compared with a preanesthetic baseline.
These data would help us to better follow
our patients’ evolution in case of poor
outcome, in conjunction with imaging
data and other tools.

In conclusion, Dr. Jia and colleagues
demonstrate the validity of a novel
method for continuous EEG monitoring
to evaluate response to a guided therapy.
At present, continuous cerebral monitor-
ing in humans remains imprecise. This
should not deter us from doing so. As
evidenced in this work, new noninvasive
monitoring is on the horizon. The brain
should be monitored, especially in acute
situations. Only in doing so routinely will

*See also p. 1909.
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we learn from experience and stimulate
new ideas and technology. In this sense,
the work of Dr. Jia and colleagues points
the way forward.

René Tempelhoff, MD
Jeffrey Yoder, MD

Washington University
St. Louis, MO
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Brain tissue oxygen monitors: More than an ischemia monitor*

Brain cells need a constant sup-
ply of oxygen and glucose for
normal energy metabolism.
Therefore, continuous cere-

bral blood flow (CBF) and cerebral oxy-
gen tension and delivery are essential to
brain function. In the absence of effective
neuroprotective treatments, clinical
management of patients with severe trau-
matic brain injury (TBI) tries to maintain
adequate cerebral perfusion pressure
(CPP) and control intracranial pressure
(ICP). Recent studies, however, have
failed to demonstrate that adequate CPP
improves patient outcome (1). This raises
the possibility that there may be addi-
tional mechanisms of tissue hypoxia, and
so the interstitial partial pressure of oxy-
gen in brain tissue (PbtO2) is emerging as
an additional complementary therapeutic
target in TBI. This issue is important
since brain tissue hypoxia is associated
with worse outcome after severe TBI (2).

Direct PbtO2 monitors have been avail-
able for clinical use in the United States
for several years. Despite this, there re-

main several unanswered questions: In
particular, what are the determinants of
PbtO2? In this issue of Critical Care Med-
icine, Dr. Rosenthal and colleagues (3)
try to answer this question. The authors
examined 14 patients with severe TBI and
challenged them with an increase in FIO2

to 1.0 (oxygen reactivity), an increase in
mean arterial blood pressure by 10 mm
Hg (cerebral autoregulation), and a de-
crease in PaCO2 of 10 mm Hg (CO2 cere-
bral vascular reactivity). The study has
several limitations; for example, some
physiologic responses were measured us-
ing local monitors (Licox and Hemedex),
the challenges were administered in a
consecutive manner, hyperoxygenation
was maintained during the CO2 and mean
arterial blood pressure challenges, and
information from the challenges was
used to guide therapy. Nevertheless, the
data are robust (119 data points) and sug-
gest that PbtO2 reflects the product of
cerebral blood flow and the arteriovenous
difference in oxygen tension, that is, PbtO2 �
CBF � AVTO2. This finding is consistent
with experimental studies which suggest
that PbtO2 does not simply mirror CBF
(4), positron emission tomography stud-
ies in humans after TBI which show that
diffusion rather than perfusion-limited
ischemia may be responsible for cerebral
hypoxia (5), and microdialysis studies
which indicate that increases in the lac-
tate-pyruvate ratio, a marker of anaerobic
metabolism, can occur independently
from CPP (6). The findings of Dr.
Rosenthal and colleagues (3) may apply

only to normal-appearing tissue and to
patients with preserved cerebral autoreg-
ulation after TBI. Additional studies are
needed to further explore the determi-
nants of PbtO2 in pericontusional brain
tissue, where cerebral metabolism and
tissue oxygenation may behave differ-
ently, in TBI patients with impaired au-
toregulation, or in conditions such as
subarachnoid hemorrhage.

While earlier studies using xenon
computed tomography suggested that
PbtO2 reflects regional CBF, the finding
that PbtO2 � CBF � AVTO2 implies a
relationship between the amount of dis-
solved plasma oxygen passing through a
given volume of brain per unit time and
the steady-state oxygen concentration in
brain tissue. This is important in TBI
since magnetic resonance imaging stud-
ies demonstrate that cytotoxic edema is
the predominant edema after TBI and so
may limit diffusion of needed metabolites
and oxygen to and from the cell (7). In
these situations, the brain might require
higher tissue oxygen tensions to main-
tain sufficient tissue oxygenation. Fur-
thermore, the results imply that a PbtO2

monitor is not simply an ischemia mon-
itor or a measure of CBF. While reduced
CBF (ischemia) is a cause of cellular hyp-
oxia, there are other potential causes of
reduced oxygen. This is relevant since
positron emission tomography studies in
normal volunteers during visual activa-
tion and hypoxia suggest that adequate
levels of tissue oxygenation can be main-
tained without an increase in CBF (8). In

*See also p. 1917.
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animal and clinical studies of TBI, vari-
ables such as hemoglobin and lung func-
tion influence PbtO2 independent of CBF
(9–11), and cellular distress may be ob-
served in the absence of ischemia (12).
Certainly CBF is important, and how ox-
ygenation of the brain responds to vari-
ous therapies depends in part on CBF (13,
14). However, knowing what is in the
blood vessels of the brain (CPP and CBF)
is only part of the information needed to
prevent cellular dysfunction. While PbtO2

it is not a measure of supply and metab-
olism, the findings of Dr. Rosenthal and
colleagues (3) suggest that at the very
least, since PbtO2 reflects diffusion of dis-
solved plasma oxygen, we now know what
is getting out of the blood vessels and
into the brain tissue.

There are other important observa-
tions from the study. First, hyperoxygen-
ation decreased CBF. In some circum-
stances this may be dangerous, but as Dr.
Rosenthal and colleagues (3) found, CPP
increased in part because ICP is reduced,
likely through hyperoxic induced vaso-
constriction. Similarly, hyperoxia can im-
prove cellular metabolism because of
greater oxygen availability (15), suggest-
ing that the reduced CBF may not always
be deleterious. However, Dr. Rosenthal
and colleagues did not address the safety,
feasibility, or efficacy of normobaric hy-
peroxygenation. This topic remains con-
troversial, since some studies suggest a
benefit while others do not (14, 16). How-
ever, hyperoxygenation (an FIO2 of 1.0)
may miss the point, since Dr. Rosenthal
and colleagues also observed that the
mean ratio of tissue to arterial or venous
oxygen concentration is very small. This
is consistent with Kety Schmidt’s original
hypothesis that the concentration of ox-
ygen in brain tissue is very small relative
to the oxygen content of arterial and ve-
nous blood. While the minimum tissue
PO2 required to provide sufficient intra-
cellular oxygen is unknown, neuronal
mitochondria require an intracellular PO2

of 1.5 mm Hg to maintain aerobic me-
tabolism. Together, these data suggest
that small changes in brain oxygen ten-
sion to correct compromised brain oxy-
gen may be all that is necessary to main-
tain cellular health. A PbtO2 monitor
therefore may help identify the cause for
cellular distress and so tailor therapy to
the individual patient. In this way, a PbtO2

monitor is more than an ischemia mon-
itor. Whether this knowledge can be used
to improve patient outcome after TBI will
need to be studied (17). Knowing what
PbtO2 represents is the first step in that
direction.

Mauro Oddo, MD
Peter Le Roux, MD

Department of Neurosurgery
University of Pennsylvania
Philadelphia, PA
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Pediatric delirium: A new diagnostic challenge of which to be
aware*

Probably one of the most fre-
quent behavioral symptoms of
acute brain dysfunction among
pediatric patients is delirium,

which is a complex neuropsychiatric syn-
drome that complicates physical illness,
negatively impacting prognosis (1).

Delirium is a particularly derelict area,
although it seems associated with longer
hospital stay and higher mortality among
hospitalized pediatric patients (2).

The delirium evaluation is a multipro-
fessional issue, and all professionals in-
volved in the treatment of a hospitalized
child—pediatricians, nurses, respiratory
therapists, etc.—should be aware of the
potential for this diagnosis and should be
qualified to assess it. Though these pro-
fessionals in pediatric intensive care
units are used to monitoring end organ
dysfunction, they often do not seem to
recognize delirium (3).

The 2002 guidelines of the Society of
Critical Care Medicine for sedation and
analgesia published the parameters for
the use of sedatives and analgesics in the
critically ill adult, which also included
the evaluation of delirium, clearly recom-
mending the routine assessment of delir-
ium (grade B recommendation) and the
treatment of delirium with haloperidol
(grade C recommendation) (4). As long as
there is no similar guideline for pediatric
patients, these adult recommendations
can be followed.

There are two basic neurologic assess-
ment steps to evaluate sedation and de-
lirium. These involve evaluating the pa-
tient’s level of consciousness/sedation
and the brain’s function directed to the
level of arousal. This is where the big
challenge begins, because in pediatric pa-
tients there is absence of a clear defini-

tion of delirium, the lack of a reliable and
validated assessment tool, and great diffi-
culty in distinguishing pain from delirium.

Delirium physiopathology remains a
matter of intense research, but an impor-
tant role seems to be played by the alter-
ation of neuronal activity due to local
brain production of cytokines, cell infil-
tration and tissue injury in response to
systemic infections, and inflammatory in-
juries of the central nervous system. The
inflammatory injuries that affect the
brain include those induced by endo-
toxin, cytokines, and hypoxemia (5).

There also is evidence that three neu-
rotransmitter systems are involved in the
development of delirium: Dopamine in-
creases neuronal excitability, while ace-
tylcholine and gamma-aminobutyric acid
decrease the excitability of neurons. An
imbalance of one or more of these neu-
rotransmitter systems in their synthesis,
release, and inactivation results in neu-
ronal instability and erratic neurotrans-
mission, impairing an adequate control
of cognitive function, behavior, and
mood. Serotonin imbalance, increased
central noradrenergic activity, and en-
dorphin hyperfunction also may be in-
volved in the development of delirium
(6). Inadequate cerebral blood flow
caused by shock and coagulopathies and
metabolic disturbances also can be the
source of delirium.

Among all the causes that may influence
delirium, medical therapies, such as me-
chanical ventilation and sedative and anal-
gesic drug use, should also be mentioned.

These lead us to the risk factors, which
can be split in five categories (7, 8):

● Host factors: Age, baseline comorbidi-
ties, surgical procedure, pain;

● Acute illness itself: Sepsis, hypoxemia,
disease severity score, stroke;

● Psychological: Difficult temperament,
separation anxiety, premorbid psychi-
atric condition, pain;

● Social: Anxious caregiver, caregiver
presence/absence, caregiver pain per-
ceptions;

● Environmental or iatrogenic: Pediatric

intensive care unit admission, meta-
bolic derangements, anticholinergic
medications, use of sedative and anal-
gesic medications, noise, cool temper-
ature, light, high number of hospital
procedures, and pain.

Therefore, in the clinical setting, several
aspects of delirium—such as the use of
sedatives and analgesics, sepsis, and sur-
gery and postoperative cognitive dysfunc-
tion—should be taken into account, be-
cause they are potentially modifiable
factors. Given this approach, pain, anxiety,
agitation, and of course delirium cannot be
managed through trial and error drug ad-
ministration, as has been done in the past.

We also can look at the risk factors for
delirium from another point of view, that
of predisposing and precipitating factors
(9). For instance, age would be a predis-
posing factor and a metabolic disturbance
a precipitating factor. It is interesting to
note that using disease severity scores
may lead one to look mainly at the pre-
cipitating factors and overlook the predis-
posing ones.

For these reasons, we should aim to-
ward the prevention of delirium, given
the inherent diagnostic and treatment
complexity, the uncertainty about the
clinical significance of delirium in chil-
dren in the short and long term, the fact
that it is biologically plausible that delir-
ium is not only a marker of end organ
damage but also a promoter of other or-
gan system dysfunction (7), and the trend
of intensivists to diagnose delirium only
upon the presence or absence of an obvi-
ous medical etiology (10).

In this issue of Critical Care Medicine,
Dr. Schieveld and colleagues (11) present
two pediatric illness severity measures—
Pediatric Index of Mortality (PIM) and
Pediatric Risk of Mortality (PRISM)
II—as possible means to assess the risk of
pediatric delirium in pediatric intensive
care units. The authors acknowledge the
difficulty of diagnosing pediatric delir-
ium, so they took extra care in presenting
their data and in concluding that it is
“worthwhile to employ PIM and PRISM II

*See also p. 1933.
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in the risk assessment of pediatric delir-
ium.” We could not agree more, mainly
when we take into account the difficulty
in correctly and quickly diagnosing and
treating delirium in the pediatric patient.
Let’s prevent it rather than manage it.

Werther Brunow de Carvalho,
MD, PhD

Marcelo Cunio Machado
Fonseca, MD

Federal University of Sao
Paolo

Sao Paolo, Brazil
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Steroid therapy of septic shock: The decision is in the eye of the
beholder

I n 1911 Rupert Waterhouse re-
ported a case of cardiovascular
collapse in a septic infant with bi-
lateral adrenal hemorrhage noted

at autopsy, calling the condition “supra-
renal apoplexy.” This likely represented
the peak of clarity to date on adrenal
insufficiency in sepsis (Fig. 1; 1–15).

In this issue of Critical Care Medi-
cine, Marik and colleagues, represent-
ing an international task force, publish
clinical practice guidelines (SCPG) for
the diagnosis and management of cor-
ticosteroid insufficiency in critical ill-
ness (16). The authors are to be con-
gratulated for this very timely and
clinically relevant publication. The rec-
ommendations are evidence based and
in general on target and useful for the
bedside clinician. They coin a new term,
critical illness related corticosteroid in-
sufficiency (CIRCI), defined as inade-
quate cellular corticosteroid (steroid)
activity for the severity of the patient’s
illness. CIRCI occurs as a result of ei-
ther a decrease in adrenal steroid pro-

duction (adrenal insufficiency) or tissue
resistance to glucocorticoids (with or
without adrenal insufficiency). Al-
though recommending that adrenal in-
sufficiency in critical illness is best di-
agnosed by a delta cortisol following
250 mg cosyntropin of �9 �g/dL or
random total cortisol of �10 �g/dL, the
authors recommend using clinical as-
sessment and not the ACTH (cortico-
tropin) stimulation test to identify pa-
tients with septic shock or acute
respiratory distress syndrome (ARDS)
who should receive steroid therapy for
CIRCI. The document does point to the
potential for free cortisol measurement,
not currently available at most centers,
as having promise for decisions on ste-
roid therapy in the future. The SCPG
document recommendation for septic
shock states “hydrocortisone should be
considered in the management strategy
of patients with septic shock, particu-
larly those patients who have responded
poorly to fluid resuscitation and vaso-
pressor agents.” This is a 2B (weak
strength with moderate level of evi-
dence support in a three-tiered quality
of evidence grading system) recommen-
dation. This recommendation is similar
to that of the recently published Sur-
viving Sepsis Campaign (SSC) recom-
mendation that states “we suggest that
intravenous hydrocortisone be given
only to adult septic shock patients after

it has been confirmed that their blood
pressure is poorly responsive to fluid
resuscitation and vasopressor therapy”
(17). The SSC recommendation is
graded 2C (weak strength with a four-
tiered quality of evidence grading sys-
tem). Discussion in both sets of guide-
lines point to the difference in patient
populations enrolled in the French trial
(which showed benefit of stress-dose
steroids in septic shock) and the COR-
TICUS trial (which showed no survival
benefit with a similar treatment strat-
egy). The septic shock patients enrolled
in the French trial were (1) more crit-
ically ill by severity scores, (2) more
unstable from a blood pressure stand-
point, and (3) enrolled earlier in septic
shock. Any or all of these characteris-
tics could lead to the difference in the
outcome as far as survival advantage
between the two studies. As the authors
point out, in addition, steroids were
available and widely used throughout
the countries participating in the
CORTICUS trial. Although there are no
data to allow ascertainment for or
against selection bias, this remains a
potential concern. It should also be rec-
ognized that all four of the randomized
trials of stress-dose steroid therapy of
septic shock (including two single cen-
ter studies) support the capability of
steroids to reverse septic shock (11, 12,
14, 15). In the CORTICUS trial the dif-

*See also p. 1937.
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ference in number of patients who had
shock reversal did not reach statistical
significance but a trend was present as
it was in the single-center studies. More
rapid reversal of shock in those patients
who had shock reversal was demon-
strated in the CORTICUS trial. A similar
finding was present in the ARDSnet
trial studying stress-dose steroids in
persistent ARDS, where a decreased in-
cidence of development of septic shock
occurred in the steroid-treated group
(18). So in the end as to steroid therapy
of septic shock, it appears to be all
about patient selection with a lingering
question of survival advantage. Unfor-
tunately, but out of necessity, both the
SCPG recommendation and the SSC
recommendation for septic shock are
based on bedside clinician judgment of
“poor” response of blood pressure to
fluid resuscitation and vasopressor
agents without any specific defined
thresholds for this situation. There is
no literature evidence that would allow
specific threshold selection, i.e., “vaso-
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Figure 1. A history of the literature that has influenced our thought process concerning utility of steroid therapy of septic shock and acute respiratory
distress syndrome.

Table 1. Steroid therapy of acute respiratory distress syndrome (ARDS)

Early/Severe ARDS Late/Persistent ARDS

Short duration high-dose
steroids

No Not studied. Would not be
expected to work

Low-dose (stress-dose) sustained
steroids

Potential. Needs further
study

Improves oxygenation and
patients off mechanical
ventilation quicker, but no
difference in outcome

Select patients might benefit.
Controversial

Table 2. Steroid therapy of septic shock

Septic Shock with Blood
Pressure Poorly Responsive to Fluids

and Vasopressors (high
dose/multiple agents)

Septic Shock Requiring
Vasopressors but Single Pressor/

Lower Dose Range

Short duration high-dose
steroids

No No

Low-dose (stress-dose)
sustained steroids

Yes for shock reversal; more
controversial for survival but
probably should be given with
lower level of evidence than
shock reversal.

No
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pressors greater than ? with adequate
fluid resuscitation judged by ?” My own
personal bias is that following adequate
(optimal?) fluid resuscitation, patients
receiving two vasopressors or high-dose
norepinephrine (or equivalent vaso-
pressor) or increasing moderate doses
of norepinephrine (or equivalent)
would qualify for steroid treatment.
Earlier is likely better. Comparing the
SCPG and SSC document concerning
stress-dose steroid therapy of septic
shock, the recommendations for use of
ACTH stimulation test, tapering of ste-
roids with resolution of shock, and pref-
erence for hydrocortisone are essen-
tially identical.

Concerning ARDS, it is recom-
mended in the SCPG document that
steroids be considered in patients with
early severe ARDS (PaO2:FIO2 �200) and
in addition before day 14 in patients
with unresolving ARDS. Again the
strength of recommendation is 2B. The
data for decision making in acute early
severe ARDS are less robust than the
data for decision making in unresolving
ARDS (18 –20). The current data on ste-
roids for acute severe ARDS, although
encouraging, needs further validation
in larger randomized trials before this
therapy should be considered for gen-
eral use in clinical practice. As to use of
steroids in persistent (unresolving)
ARDS, the authors of the SCPG docu-
ment draw different conclusions than
those of the ARDSnet investigators who
carried out the trial of steroids in un-
resolving ARDS, despite that study con-
tributing the majority of evidence for
the SCPG guidelines recommendation
(16, 18). The ARDSnet investigators
concluded that there was no clinical
benefit from use of stress-dose steroids
in unresolving ARDS. Decisions for ste-
roid use in the circumstance of unre-

solving ARDS need to be individualized
and steroids should not routinely be
used in this circumstance as no survival
advantage was demonstrated in the
ARDSnet trial (18). Tables 1 and 2 pro-
vide my current opinions on use of ste-
roid therapy in ARDS and septic shock,
respectively.
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