
Editorials

Prone position, high-frequency oscillatory ventilation, and
Hippocrates in acute respiratory distress syndrome*

T he acute respiratory distress
syndrome (ARDS) continues
to be a frustrating challenge.
It is associated with a mortal-

ity rate of �30% (1), and the quality of
life of survivors is reduced after discharge
(2). We are still lacking effective treat-
ment, possibly in part because our cur-
rent ARDS definition leads to the enroll-
ment of patients in clinical trials who
differ with respect to severity, etiology
(e.g., primary vs. secondary), and/or
mode of presentation (e.g., diffuse vs. lo-
calized ARDS) of lung injury (3). It is
likely easier to find an effective treatment
for a well-defined entity (e.g., pneumo-
nia) than for the number of loosely re-
lated entities currently grouped under
the ARDS “umbrella.” The treatment of
patients with ARDS currently consists es-
sentially of ventilatory support with pos-
itive pressure. Although the key objec-
tives of mechanical ventilation are widely
agreed on—restoration/maintenance of
adequate gas exchange and implementa-
tion of a lung-protective strategy to buy
time for lung repair—the best way to
achieve this is controversial, particularly
in difficult patients. In the presence of
refractory hypoxemia, for instance, differ-
ent rescue strategies have been proposed
including inhaled vasodilator (nitric ox-
ide or prostacyclin), a high level of posi-
tive end-expiratory pressure (PEEP), re-
cruitment maneuvers, prone positioning
(PP), high-frequency oscillatory ventila-
tion (HFOV), or extracorporeal mem-
brane oxygenation. None of these strate-
gies has been proven to improve
outcome, and the initial enthusiasm for
these techniques has almost invariably
been followed by disappointment.

Experimental works have established
(4) that a) positive pressure ventilation
can induce endothelial and epithelial dys-
functional and structural injury; b) the
magnitude of the tidal volume relative to
the size of the lung that must accommo-
date the latter is a key determinant of
alveolar overdistension and injury (vo-
lutrauma) (5); and c) an adequate level of
PEEP is needed to protect the lungs from
cyclic airway opening and collapse (at-
electrauma) and/or also from the strain
and stress associated with large tidal ex-
cursion (5, 6). We are, however, still de-
bating how to best protect the lungs from
ventilator-induced lung injury (VILI). Al-
though the need to avoid excessive tidal
volume is now clinically confirmed (7), a
recent large multiple-center study failed
to confirm the protective effect of PEEP
(8). This may have been the combined
consequence of enrollment of patients
with different forms of lung injury and
variable responses to the specific PEEP
titration protocol used in this study, as
recently pointed out (9).

PP and HFOV have been proposed as
alternative strategies to conventional me-
chanical ventilation and PEEP, particu-
larly in patients doing poorly, given their
dual potential to improve gas exchange
and prevent the development of VILI.
Overall, 70% of patients with acute lung
injury/ARDS experience improved PaO2/
FIO2 ratio when turned prone (10). In
addition, PP appears to be particularly
advantageous over PEEP in the localized
forms of ARDS (11). HFVO’s ability to
improve blood gas in selected adults with
difficult to treat ARDS has been reported
in uncontrolled series (12). In a recent
randomized trial, however, no significant
difference in mortality rate and only a
transient improvement in gas exchange
were observed (13). As reported in the
prone trials (10, 14), improved gas ex-
change does not necessarily translate into
better outcome. Indeed, as learned from
the ARDSnet trial (7), how a given venti-
latory strategy modulates lung stress and
injury is a more important determinant

of outcome than gas exchange. It is
tempting to speculate that the gas ex-
change improvement afforded by a given
strategy (e.g., PPV, HFOV) should not so
much prompt a rapid reduction in the
FIO2 to minimize oxygen toxicity than a
change in the ventilatory settings to re-
duce the mechanical stress and the risk of
VILI. Clearly, this needs to be explored.

In regard to VILI, both PP and HFOV
have been found to have lung-protective
potential in animal models (15–17). In
critically patients, neither strategy has so
far been proven to improve outcome.
Given the low number and limitations of
the available randomized trials in
adults—to my knowledge one for HFOV
(13) and two for PP (10, 14)—the current
lack of demonstrated outcome benefit is
not a proof that none exists. After all, it
took no less than five randomized trials
to establish that avoiding excessive tidal
volume is important (7), a easier task in
this setting than to demonstrate a benefit
of a novel approach.

When new ventilatory strategies are
compared in a physiologic study, it is
clearly not sufficient to look at gas ex-
change without considering lung injury.
In the current issue, Dr. Papazian and
colleagues (18) compare the impact of
PP, HFOV, and their combination on gas
exchange and lung inflammation in pa-
tients with ARDS. Their main finding was
that PP was associated with better gas
exchange and less airway inflammation
(lower bronchoalveolar lavage concentra-
tion of interleukin-8 and neutrophil
count). HFOV did not confer any advan-
tage over conventional ventilation re-
gardless of position. As we currently lack
specific and sensitive biomarkers for
VILI, one should be cautious in interpret-
ing the significance of the reduction in
interleukin-8 and neutrophils with PP.
Overall, however, the data are consistent
with the lung-protective effect of PP doc-
umented in animals (15, 19) and in the
post hoc analysis of the Italian study (10).
The current study also suggests that
HFOV may not under any circumstance
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be the ideal lung-protective strategy de-
spite a) allowing maintenance of ade-
quate gas exchange and a high end-
expiratory lung volume while using
extremely small tidal volumes; and b) be-
ing combined with recruitment maneu-
vers to help HFOV to develop its full
protective effect (20). Most patients had
primary ARDS due to pneumonia and
were thus less likely to recruit (9, 11).
This could also explain the gas exchange
advantage of PP over HFOV, as already
demonstrated against PEEP in this set-
ting (11). In the PP, everything else being
equal, the homogeneous vertical distri-
bution of perfusion (21) may alone help
improve oxygenation even in the absence
of a net gain in lung volume. In contrast,
with no or minimal recruitment, the
high mean airway pressure strategy asso-
ciated (HFOV) tendency to redirect blood
flow to the dependent atelectatic and/or
to consolidated regions may help explain
the absence of gas exchange improve-
ment and the lack of lung protective ef-
fect (16) seen here.

A great deal of our knowledge regard-
ing HFOV was acquired in small animals
and infants (22) with large potential for
lung recruitment and administered
through small endotracheal tubes. In
adult patients ventilated through larger
endotracheal tubes and with low recruit-
ment potential (e.g., primary ARDS), the
lung-protective profile of HFOV may be
offset by larger transmission at high fre-
quency of the high proximal airway pres-
sure and its variation. Generally in adult
patients, and particularly in those with
low potential for recruitment, we clearly
need further studies before this mode of
ventilation can be widely recommended.
One should also be prudent when judging
a mode of ventilation: Clearly the devil is
in the settings. After all, the impact of
assist-control ventilation on outcome is
dependent on the choice of the tidal vol-
ume! It is also possible that in a group of
patients with highly recruitable lungs,
different if not opposite results may have
been observed with HFOV.

We should encourage physiologic in-
vestigation along the line of Dr. Papazi-
an’s group to deepen our understanding
of how to optimally apply new ventilatory
strategies under different physiologic
conditions. It is unlikely that a specific
mode and settings will work for all con-
ditions. Secondly, we need to stop lump-
ing together all patients with shunt phys-
iology under the “ARDS” label to enroll

them into clinical studies that do not take
into account important and relevant dif-
ferences between them. We should recon-
sider the ideal grouping for patients with
acute respiratory failure, to increase our
chance of designing better clinic studies
and ultimately make a difference for
these patients. Otherwise, we may run
the risk of prematurely burying new ap-
proaches such PP and HFOV. Decades
after first description of ARDS and mul-
tiple outcome studies, it is ironic to con-
sider that the only proven established
“treatment” for ARDS is nothing else but
an intensive care unit variant of the Hip-
pocrates’ oath: First, do not deliver exces-
sive tidal volumes. It is high time to move
to the next stage.

Alain Broccard, MD
University of Minnesota
Medical Intensive Care Unit and

Pulmonary and Critical Care
Division

Regions Hospital
St. Paul, MN
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Predicting mortality: How fast can you go?*

T he main goal of treating criti-
cally ill patients is to offer them
a possible benefit that they
would desire (1). Often, early

aggressive therapy aims at buying sufficient
time to see if the disease responds favorably
so that overall changes of a possible benefit
increase (2). Failure to respond to first-line
therapy should urge the clinician to reeval-
uate the correctness of the initial diagnosis,
assess the adequacy of this first-line treat-
ment, and if necessary increase treatment
modalities. However, when life-saving tech-
nology and organ support appear to delay
inevitable death rather than prolong mean-
ingful life, we should be prepared to with-
draw these technologies (3). Timing in this
is essential, not only to limit the duration of
inappropriate care but also to have maxi-
mal assurance that there is no meaningful
change of benefit for the patient.

Ideally, the parameters and variables
used to assess the patient should thus
have a low intra- and interinvestigator
variability. Two approaches are fre-
quently used in critical care. First is a
static approach in which one or more
parameters are used to characterize pa-
tients with an increased chance of dying
in the intensive care unit. One-time mea-
surements of easily obtainable variables
with low bias have repeatedly been asso-
ciated with extremely high mortality
rates (4, 5). A frequently used approach in
severity of disease scoring systems (e.g.,
Acute Physiology and Chronic Health
Evaluation) is to collect several variables
over a period of time (usually the first 24
hrs of admission) and to take into ac-
count the most abnormal values. The use
of these instruments is limited by signif-
icant inter- and intraobserver variability
(6) and the duration of data collection. In
addition, these assessments do not seem
to be superior to the clinical judgment by
either nurses or doctors (7, 8).

Second, a dynamic approach in which
one or more variables or parameters are
evaluated over time has been shown to
adequately identify patients with high
mortality risk (5, 9). Similar findings
have been reported for more complicated
scoring systems (2). These evaluations
are also limited by the time needed to
collect the data; in most cases a period of
24–48 hrs has been used.

Another dynamic approach that has
been used is to assess the hemodynamic
response of a patient to a short-time in-
fusion of a vasoactive drug. Failure of the
circulation to respond to an infusion of
dobutamine has thus been associated
with an extremely high mortality rate
(10), although differences between simi-
lar diagnostic groups exist (11). In the
latter studies, results were available
within the hour.

In this issue of Critical Care Medicine,
Dr. Levy and colleagues (12) report a
multiple-center study in which they as-
sessed the differences in prognosis in pa-
tients with septic shock. In this study, a
clinically relevant intervention was cho-
sen: Infusion of dopamine in patients
with septic shock when fluid resuscita-
tion failed to restore mean arterial pres-
sure to �70 mm Hg. When dopamine up
to 20 �g/kg/min failed to increase mean
arterial pressure to �70 mm Hg, treat-
ment was switched to norepinephrine or
epinephrine. Whereas the overall mortal-
ity rate of these patients (54%) was not
very different from other studies (13), the
patients who responded to dopamine had
a mortality rate of 16% whereas the pa-
tients who did not respond to dopamine
had a mortality rate of 78%. The interesting
aspect of this study is that already after 30
mins of vasopressor therapy, this group of
patients could be identified, as the in-
creases in dopamine were protocol driven.
This finding can have several implications
for clinical practice and research. First, the
identification of patients with a poor prog-
nosis early in the process of resuscitation
could help the clinician to guide additional
hemodynamic diagnostics. Second, therapy
could be optimized by implementation of
new strategies (steroids, activated protein
C, etc. (14). Third, this rapid identification

could help to stratify patients in the design
of clinical trials. Fourth, it could help to
characterize a group of patients in whom
benefit from treatment may be limited and
disproportional to the resources used.
However, in this respect we should recog-
nize some limitations of the study by Dr.
Levy and colleagues. First, fluid resuscita-
tion was not standardized so that hypovo-
lemia in some patients could have been
present, although this study design thus
more or less reflects real life and efficiency
rather than efficacy of the protocol used.
Second, some baseline imbalances between
the responders and nonresponders to dopa-
mine (underlying liver disease and immu-
nosuppression as well as rapidly fatal dis-
ease in nonsurviving patients) may have
influenced the results. Nevertheless, non-
responders to vasopressor therapy in septic
shock have universally been associated with
very high mortality rates (15–17). There-
fore, standardized dosing of vasopressor
therapy might rapidly identify patients who
especially need our attention as researchers
but even more as intensivists.

Jan Bakker, MD, PhD
Department of Intensive Care
Erasmus MC University Medical

Center Rotterdam
Rotterdam, The Netherlands

REFERENCES

1. Bakker J, Damen J, van Zanten AR, et al:
Admission and discharge criteria for inten-
sive care departments. Ned Tijdschr
Geneeskd 2003; 147:110–115

2. Ferreira FL, Bota DP, Bross A, et al: Serial
evaluation of the SOFA score to predict out-
come in critically ill patients. JAMA 2001;
286:1754–1758

3. Crippen D: Medical treatment for the termi-
nally ill: The “risk of unacceptable badness.”
Crit Care 2005; 9:317–318

4. Weil MH, Afifi AA: Experimental and clinical
studies on lactate and pyruvate as indicators
of the severity of acute circulatory failure
(shock). Circulation 1970; 41:989–1001

5. Smith I, Kumar P, Molloy S, et al: Base excess
and lactate as prognostic indicators for patients
admitted to intensive care. 2001; 27:74–83

6. Polderman KH, Thijs LG, Girbes AR: Inter-
observer variability in the use of APACHE II
scores. Lancet 1999; 353:380

7. Meyer AA, Messick WJ, Young P, et al: Pro-

*See also p. 2172.
Key Words: septic shock; dopamine; fluid resusci-

tation; norepinephrine; epinephrine
Copyright © 2005 by the Society of Critical Care

Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/01.CCM.0000183203.48348.BC

2409Crit Care Med 2005 Vol. 33, No. 10



spective comparison of clinical judgment and
APACHE II score in predicting the outcome
in critically ill surgical patients. J Trauma
1992; 32:747–744

8. Kruse JA, Thill-Baharozian MC, Carlson RW:
Comparison of clinical assessment with
APACHE II for predicting mortality risk in
patients admitted to a medical intensive care
unit. JAMA 1988; 260:1739–1742

9. Friedman G, Berlot G, Kahn RJ, et al: Com-
bined measurements of blood lactate concen-
trations and gastric intramucosal pH in pa-
tients with severe sepsis. Crit Care Med 1995;
23:1184–1193

10. Rhodes A, Lamb FJ, Malagon I, et al: A prospec-
tive study of the use of a dobutamine stress test

to identify outcome in patients with sepsis,
severe sepsis, or septic shock. 1999; 27:2361–
2366

11. Vallet B, Chopin C, Curtis SE, et al: Prognos-
tic value of the dobutamine test in patients
with sepsis syndrome and normal lactate val-
ues: A prospective, multicenter study. Crit
Care Med 1993; 21:1868–1875

12. Levy B, Dusang B, Annane D, et al: Cardio-
vascular response to dopamine and early pre-
diction of outcome in septic shock. A pro-
spective multiple-center study. Crit Care
Med 2005; 33:2172–2177

13. Friedman G, Silva E, Vincent JL: Has the
mortality of septic shock changed with time?
Crit Care Med 1998; 26:2078–2086

14. Vincent JL, Angus DC, Artigas A, et al: Effects
of drotrecogin alfa (activated) on organ dys-
function in the PROWESS trial. Crit Care
Med 2003; 31:834–840

15. Abid O, Akca S, Haji M, et al: Strong vaso-
pressor support may be futile in the intensive
care unit patient with multiple organ failure.
Crit Care Med 2000; 28:947–949

16. Martin C, Saux P, Eon B, et al: Septic
shock: A goal-directed therapy using vol-
ume loading, dobutamine and/or norepi-
nephrine. Acta Anaesthesiol Scand 1990;
34:413– 417

17. Martin C, Viviand X, Leone M, et al: Effect of
norepinephrine on the outcome of septic
shock. Crit Care Med 2000; 28:2758–2765

Multifactorial aspects to explain variations of control group
mortality rates of randomized controlled trials*

T o improve standardization of
intensive care unit (ICU) re-
search protocols, standard
sepsis definitions have been

introduced (1, 2). However, recent clini-
cal trials found substantial differences in
populations studied, hindering compari-
son of results. One approach to analyze
differences in patient populations and
magnitude of illness between trials is to
compare control group mortality keeping
in mind that mortality in controls is in-
fluenced not only by entry criteria but
also by differences in care and data col-
lection during the trial. To determine the
impact of entry criteria on baseline mor-
tality risk and number of eligible pa-
tients, Dr. Peelen and colleagues (3) pro-
jected entry criteria from nine selected
randomized controlled clinical trials
(RCTs) on severe sepsis published be-
tween 1999 and 2003 to a large national
database of �70,000 Dutch ICU patients
(3). The results from this investigation
are presented in this issue of Critical
Care Medicine. The authors show that
RCTs selected for analysis and all de-
signed to specifically investigate patients
with severe sepsis report substantially dif-

ferent mortality rates of patients in the
control groups. Heterogeneity in mortal-
ity rate within the control groups had
been assessed by inverse variance testing
showing a high significance (p � .0001).
Although sepsis patients in the trials all
had different mortality rates, applying the
same definitions of sepsis to the Dutch
registry yielded rather similar rates.
Therefore, the authors conclude that dif-
ferences in outcome of control patients in
individual trials may be attributed to fac-
tors that vary between trials, for example,
regional differences in case mix and/or
quality of care, rather than to differences
in entry criteria.

A number of the reported RCTs were
multinational in scope, attempting to ran-
domize regional variability. Vice versa, ICUs
participating in a national registry might be
more similar in terms of structure and care
provided. Differences in case mix are prob-
ably a better explanation for the differences
observed. Selection bias is a common prob-
lem of clinical trials. Due to restrictive in-
clusion criteria, the majority of clinical tri-
als include only a few individuals, who
usually have a better prognosis than non-
participants. A second important problem
is referral bias. Clinical trial sites are usu-
ally academic centers, at which the more
complicated cases are treated. This effect
may subsequently lead to the inclusion of
patients into clinical trials that are sicker
than the average patients being treated in a
lower level hospital. Therefore, it appears
not surprising to detect differences be-

tween trial populations and average ICU
populations as observed in the present
comparison.

Recruitment bias is another important
issue that needs to be considered. A de-
tailed description of the recruitment pro-
cess including information on how many
of potentially eligible patients were actu-
ally recruited into individual trials and on
how recruited ones differed from their
nonrecruited counterparts should nowa-
days be a standard when reporting RCTs
(4). In many multiple-center trials, trial
physicians are not entirely adopting the
trial’s eligibility criteria; rather they are
focusing on certain subgroups that fit to
these criteria. The observed differences in
Acute Physiology and Chronic Health
Evaluation (APACHE) II scores seem to
support this hypothesis of selective re-
cruitment in some trials. Some of the
differences in APACHE II scores are quite
high and therefore might easily explain
the differences in mortality rates. Espe-
cially in large trials, like PROWESS (5)
and OPTIMIST (6), differences the
APACHE II scores are considerably large:
25 in the trials vs. 22 in the registry (3).

Another important source for variability
in mortality rates among control groups is
sample size. Although the authors did not
analyze studies with �30 patients in the
control groups, the highest reported con-
trol mortality was reported in studies with
the smallest control groups (groups G, H,
and I in study 3). This suggests that smaller
sample sizes of these studies may easily be
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associated with sampling errors in the pop-
ulation.

There are quite some limitations to
the study by Dr. Peelen and colleagues
(3). Mortality in the RCTs was defined
as 28-day mortality. In contrast, the
database only contains data from the
first 24 hrs after ICU admission defining
mortality as overall ICU mortality.
Thus, the reader should not compare
the mortality rates in Figures 1 and 2 of
Dr. Peelen and colleagues’ article and
take this as a proof of better therapy
with less mortality in the Dutch data-
base. This difference is important con-
sidering this is the key point of Dr.
Peelen and colleagues’ study. As base-
line risk of 28-day mortality in the sep-
sis trials differed between 28.2% and
88.6%, the authors suggest interpreting
treatment effects cautiously. They fur-
ther argue that the effects in interven-
tions may depend on the individual’s
illness severity. This certainly holds
true. However, one should distinguish
between relative and absolute effects of
therapy. Most commonly, but with
some exceptions, relative risks of trial
treatment are constant, so that absolute
risk differences increase with increas-
ing baseline risk. As patients in the
original trials could be enrolled for
more prolonged periods, applying in-
clusion and exclusion criteria to the
database possibly yielded subpopula-
tions that were not representative of
the original trial. In addition, some en-
try criteria of the RCTs were not col-
lected within the database and some
threshold values used in the database
were slightly different from those in the

trials. The authors don’t expect these
difference to have led to the selection of
substantially different patients groups;
however, this remains speculative.

Using the projection method, the au-
thors claim that in the majority of cases
reported, entry criteria of the individual
trials did not lead to selection of patients
with different ICU and hospital mortality
rates. This conclusion needs to be consid-
ered with caution due to points risen and
due to the fact that three studies included
in Dr. Peelen and colleagues’ investigation
used entry criteria that indeed did lead to a
substantial selection of patients with con-
siderably higher mortality rate. These stud-
ies either required additional systemic in-
flammatory response syndrome or organ
failure criteria (7), omitted artificial venti-
lation in one of the systemic inflammatory
response syndrome criteria (8), or required
�50% estimated mortality risk as an inclu-
sion criterion (9). Thus, reasons for differ-
ent mortality rates in control groups of
RCTs are multifold, and different entry cri-
teria may not entirely be excluded as pos-
sible cause for variation in baseline mortal-
ity rate.

Marc Maegele
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The early bird catches the worm*

There is a time for departure even when there’s no certain place to go to—Tennessee Williams

Much of critical care medi-
cine involves the assess-
ment of risk and the pre-
diction of outcome. This is

often a subconscious activity or one that
is poorly formalized and based on limited
personal experience only. Nevertheless,
initial risk assessment may influence
both adequate timing and institution of a
potentially life-saving therapeutic inter-
vention and thereby eventually may sig-
nificantly affect patients’ outcomes.

In the past, a constantly increasing
number of studies have shown that, irre-
spective of the initial insult eventually
leading to intensive care unit (ICU) ad-
mission, patients’ mortality is directly at-
tributable to the number of failing organ
systems (1–7). In an evolving attempt to
quantify clinical improvement or deteri-
oration, scales to objectively measure or-
gan dysfunction as a surrogate outcome
have been developed and may thus facil-
itate bedside diagnosis and decision mak-
ing. Four such scales are currently avail-
able: the Multiple Organ Dysfunction
score (MOD) (8), the Logistic Organ Dys-
function score (LOD) (9), the Sequential
Organ Failure Assessment (SOFA) (10),
and the Brussels score (11). The under-
lying principle of all scoring systems is
simplicity: Complex interacting biologi-
cal systems and processes are condensed
to a limited number of physiologic, bio-
chemical, and therapeutic variables.
These variables may or may not be
weighed to reflect the functional integrity
of a specific organ system, thereby facil-
itating an objective characterization of
the disease process. However, some of
these surrogate variables may not be
ideal.

In this issue of Critical Care Medicine,
Dr. Levy and coworkers (12) reveal that
in patients with severe sepsis, early im-
provement in respiratory, cardiovascular,
or renal organ system function was pre-
dictive of subsequent 28-day survival,
whereas restoration of organ dysfunction
in any other organ system or improve-
ment gained later in the course did not
significantly reduce overall mortality.

For the purpose of this analysis, the
placebo groups of two recent trials that
enrolled patients with severe sepsis, the
secretory phospholipase A2 (sPLA2)-
inhibitor trial (13) and the PROWESS
study (14), were combined with the
PROWESS population, accounting for
81% of all analyzed patients. As one could
expect from the slightly divergent time
lines of the original study protocols, the
time from the first recorded organ failure
until the study drug (or placebo) had
been administered was considerably
longer in the sPLA2-inhibitor group (13).
With a median difference of 10.8 hrs, this
exceeded the window of opportunity for
an early-goal directed strategy as pro-
posed by Rivers et al. (15). Moreover, the
sPLA2-inhibitor trial enrolled a higher
proportion of patients with respiratory
dysfunction, mechanical ventilation, and
hematologic dysfunction, whereas car-
diovascular dysfunction was similar dis-
tributed among both groups. Interest-
ingly, 28-day mortality in the sPLA2-
inhibitor group was slightly higher
despite a lower Acute Physiology and
Chronic Health Evaluation II score and
overall younger patients (13). However,
this might be attributable to the signifi-
cantly higher proportion of African-
Americans in the sPLA2-inhibitor trial, a
subgroup of patients known to exhibit
higher mortality rates in sepsis compared
with Caucasians (16). Unfortunately, the
published protocols of both studies lack
an explicit description of the standard of
care, which would have been desirable
considering the multiple sites incorpo-
rated in patient enrollment (17). Thus,
heterogeneity in the clinical manage-

ment could have led to diverse develop-
ment of organ system failure with respect
to the applied SOFA over time.

According to the presented data, the
improvement of cardiovascular, respira-
tory, and renal dysfunction over the first
24 – 48 hrs or the lack thereof was
strongly predictive of 28-day mortality.
Other organ system dysfunction or fail-
ure either was not present, was not as-
sessed (e.g., neurologic organ system), or
had presumably negligible impact on pa-
tients’ short-term outcome (12). In early
sepsis, Russel et al. (18) reported an as-
sociation between the pattern of change
from day 1 to day 3 and subsequent mor-
tality rate for neurologic, hematologic,
and renal dysfunction. Moreover, neuro-
logic, hematologic, renal, cardiovascular,
and hepatic organ system dysfunction al-
ready present at the onset of sepsis syn-
drome was associated with a significant
increase in 30-day mortality rate (18).

In general, current organ system dys-
function scores work surprisingly well
considering the lack of a methodological,
rigorous approach that characterizes
their development. Only MOD and LOD
used explicit criteria to define the initial
variable set (8, 9). Selecting an appropri-
ate surrogate variable is like trying to
square the circle: The variable should be
organ-specific, sensitive for rapid
changes in the disease process, fast, reli-
able, accessible, reflective with respect to
therapeutic interventions, and finally
predictive of patients’ outcomes. None of
the instruments currently in use can
claim to fulfill these goals. Moreover, val-
idation studies in diverse patient popula-
tions investigating the responsiveness of
the selected surrogate variables toward
changes over short periods of time have
not been performed yet. Nevertheless,
performance of MOD and LOD in clinical
trials did not seem to surpass SOFA,
whose surrogate variables are based on
expert opinion only.

For time-critical analysis, the respon-
siveness of a given surrogate variable is of
utmost importance. Herein responsive-
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ness relates to the ability of a surrogate
variable to rapidly detect and indicate
clinically relevant changes in the repre-
sented organ system. A good example for
high responsiveness is arterial blood
pressure: A critical drop of mean arterial
blood pressure below 70 mm Hg can be
monitored instantaneously with an arte-
rial catheter in place. In contrast, hema-
tologic function is related to a platelet
count and liver function to bilirubin,
both neither specific nor very sensitive
for the selected organ system, and the
sampling frequency is usually low. The
limitations of the Glasgow Coma Scale
for neurologic assessment in the criti-
cally ill have already been widely ac-
knowledged (19, 20). The surrogate vari-
ables selected for the kidneys (creatinine
and urine output), the cardiovascular sys-
tem (blood pressure, catecholamines, and
vasopressors), and the lungs (PaO2/FIO2

ratio and mechanical ventilation) may in-
deed be capable of indicating rapid
changes in organ system dysfunction.
Nevertheless, these changes may at least
in part depend on the clinical manage-
ment, for example, the appropriateness of
an eventual volume challenge and the
ventilator settings. Notably, the function
and integrity of the gut, considered the
motor of shock by some authors (21), is
not represented by any scoring system at
all.

The direct association of progressive
organ dysfunction and death emphasizes
the importance of timely therapeutic in-
terventions in patients with severe sepsis
and septic shock in order to prevent fur-
ther organ system deterioration (12). Ap-
propriate and timely institution of ade-
quate care in the ICU has still not
achieved yet: A recent audit of ICUs in
England and Wales revealed that the care
provided for critically ill patients from
admission to the first ward round was
characterized by both time delay and in-
appropriate diagnostic and therapeutic
interventions (for details, refer to www.n-
cepod.org.uk). Despite general awareness
with regard to the importance of sepsis,
only 22% of the intensivists (n � 529)
and 5% of all other physicians (n � 529)
managed to provide the correct definition
of sepsis (22). Clearly, efforts to improve
the general knowledge and thus the like-
lihood of timely patient identification will
enhance the quality of care provided for
patients with sepsis.

Patients in the ICU rarely die of (for
example) isolated liver failure or new-
onset hematologic dysfunction. Patients

die because of progressive multiple organ
dysfunction and subsequent multiple or-
gan failure originating from a failure to
timely and sufficiently resolve cardiovas-
cular and pulmonary failure, respectively
(12). To date, early volume loading ta-
pered along a specific protocol is the only
therapeutic intervention that has been
shown to reduce mortality rates for pa-
tients presenting with severe sepsis and
septic shock to the emergency depart-
ment (15). Again, time did matter: More
volume administered later in the course
(i.e., later than 6 hrs after admission to
the emergency department) did not im-
prove patients’ outcome at all. In essence,
Rivers et al. (15) took care of an adequate
blood pressure and increased oxygen sup-
ply most likely meeting the suspected de-
mands. Although we are aware of the
disappointing (and sometimes harmful)
attempts to reach supranormal oxygen
delivery levels in the past (23, 24), the
cardiovascular and pulmonary organ sys-
tem still seems pivotal in the develop-
ment of multiple organ dysfunction in
sepsis (3, 25, 26). Sepsis-induced cardio-
myopathy (i.e., a more or less pro-
nounced myocardial dysfunction) may
lead to hypoperfusion with inadequate
oxygen delivery, to progressive end-organ
dysfunction with disturbed microcircula-
tion, and hence to insufficient oxygen
consumption entering a circulus vitiosus.
In basic physiology, oxygen delivery is
defined as a function of cardiac index and
arterial oxygen content, with the latter
composed of the hemoglobin level, oxy-
gen saturation, and arterial oxygen ten-
sion. Cardiac index itself relies on pre-
load, afterload, and myocardial
contractility. With the exception of con-
tractility, which could have been assessed
with echocardiography, the algorithm ap-
plied by Rivers et al. considered almost all
variables determining oxygen delivery
(15). Consequently, the limitations inher-
ent to the surrogate variables of all scor-
ing systems need to be considered before
application to avoid gross misconcep-
tions. This is of particular importance for
the variables sought to represent the
function of the liver and the neurologic
and the hematologic organ system in al-
most all scoring systems.

Immediate and target-oriented correc-
tion of cardiovascular and pulmonary
dysfunction currently seems the most en-
couraging approach to substantially re-
duce the incidence of multiple organ dys-
function syndrome and thus subsequent
mortality in patients with severe sepsis

(3). Treatment algorithms proposing a
rational decision-making process have al-
ready been published but need to be ap-
plied in both routine clinical practice and
future clinical trials (15, 27, 28). Dr. Levy
and colleagues (12) have reassured us
that attention must be paid to the initial
care of the patient with severe sepsis and
septic shock, since “lost time may never
be found again” (Benjamin Franklin).
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Errors in monitoring transcutaneous PCO2 on the ear*

I n the article by Dr. Bendjelid and
associates (1), published in this
issue of Critical Care Medicine,
the authors report a study in 55

artificially ventilated intensive care pa-
tients of the accuracy of PaCO2 measure-
ments using an ear lobe sensor (TOSCA)
containing a pulse oximeter and a trans-
cutaneous PCO2 electrode. The device is
heated to 42°C to increase capillary flow
for the PCO2 electrode. The device was
used by the regular intensive care staff, as
expected in routine use.

The mean bias (transcutaneous PCO2

[TcPCO2]–PaCO2) was 1.2 � 6.0 mm Hg
SD, with 19% of the data exceeding 7.5
mm Hg error. This study is one of the
first to use TOSCA clinically without in-
tense supervision by investigators. Other
reports using TOSCA have found less

variability. Eberhard et al. (2) obtained a
mean bias of 1.22 � 3.69 mm Hg in 104
comparisons in ten patients. Kagawa et
al. (3) in six patients reported a mean and
SD bias of 2.3 � 2.5 mm Hg after �30
mins of stabilization, and subsequently in
51 samples from 32 artificially ventilated
patients during surgery and anesthesia
these authors found the TOSCA TcPCO2

bias to be 0.7 � 2.5 mm Hg (unpub-
lished). Senn et al. (4) reported a bias of
3 � 3.5 mm Hg in 80 paired analyses in
18 patients in intensive care. Rohling and
Biro (5) found the bias to be �0.6 � 2.0
mm Hg in 80 comparisons in ten patients
using an earlier version of this combined
heated ear probe.

With standard transcutaneous (not
ear) electrodes heated to 43–44°C, in a
multiple-institutional study conducted by
untrained staff in 756 samples from 251
children, the mean � SD bias was 1.3 �
3.9 mm Hg (6).

Why, then, were the errors signifi-
cantly larger in the present study? To me
the data suggest an important role of user
training to carefully calibrate the elec-
trode, to mount it securely with the ap-
propriate mounting gel ensuring exclu-

sion of air between electrode and ear, to
avoid traction that might hinder circula-
tion, to recognize problems when read-
ings are not stable after �15 mins, and to
avoid sampling when either PaCO2 or
TcPCO2 is not stable (e.g., before full skin
vasodilation has been achieved). These
problems are operational or physiologic,
not instrumentational.

If skin blood flow is reduced or absent,
positive mean bias can occur due to skin
metabolic production of CO2 or local lac-
tic acid interacting with tissue bicarbon-
ate. This is not unexpected in patients
with inadequate circulation, especially
when vasoactive drugs are in use causing
skin vasoconstriction. This may account
for the mean bias of 3 mm Hg in the Senn
et al. (4) report. In the present report,
although some patients had inadequate
circulation and were undergoing vasoac-
tive therapy, the mean bias was only 1.2
mm Hg. Low TcPCO2 readings may be
caused by partial exposure to air if the
contact with skin is not secure.

As temperature rises, blood PCO2 rises
4.7% per 1°C and metabolic rate gener-
ally rises 7% per 1°C. In a patient with
PaCO2 of 40 mm Hg, the uncorrected skin
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surface value in heated transcutaneous
PCO2 electrodes is about 55 mm Hg at
42°C because heating raises blood PCO2

27% and skin metabolism raises surface
PCO2 about 3–4 mm Hg compared with
capillary blood. All transcutaneous PCO2

electrodes internally correct the reported
value to a mean body temperature of
37°C, as do all blood gas analyzers. This
internal correction is also applied imme-
diately when electrode temperature is de-
liberately changed.

Kagawa et al. (3) studied a transcutane-
ous PCO2 overshoot phenomenon seen dur-
ing the first half hour after mounting TO-
SCA at 42°C. The overshoot is believed to
be caused by delayed arteriolar vasodilation
after surface heating raises metabolic rate
and capillary temperature. They showed
that a brief period of preheating to 45°C
avoids this overshoot. Figure 1 illustrates
the difference when two TOSCA monitors
are used simultaneously: one on each ear,
one at 42°C, the other at 45°C for the first
15 mins and then at 42°C. An average over-
shoot of about 5 mm Hg is seen in about
half of the patients studied, with little or no
overshoot in others. This could account for
some errors in samples taken within the
first half hour after mounting the elec-
trode.

The Bland-Altman method of data
analysis compares test result differences
between methods of uncertain precision
as a function of the mean value (on the
x-axis) of two test devices or methods. It
is inappropriate to use the mean of the
test and a gold standard instrument as
the x-axis for statistical evaluation of a
new unknown monitor. The “gold stan-
dard” data (e.g., arterial blood gas) should
be used for the x-axis.

Sohei Kagawa, MD
Jikei University School of Medicine
Tokyo, Japan

John W. Severinghaus, MD
Department of Anesthesia
UCSF
San Francisco, CA
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Evolving paradigms in the management of severe traumatic brain
injury*

T rauma is the leading cause of
death and disability in the first
5 decades of life (1), and brain
injury is the principal cause of

death in the trauma population (2). Ac-
cording to the Centers for Disease Con-
trol and Prevention, of an estimated 1.4
million cases per year of traumatic brain
injury (TBI) in the United States, approx-
imately 52,000 patients die and 235,000
are hospitalized, many of whom are ad-
mitted to the intensive care unit (3). The

case fatality rate of TBI has declined in
recent years (4), yet it is uncertain
whether this trend relates to the imple-
mentation of any specific therapy. Indeed,
the search for therapeutic interventions
to improve outcomes following TBI re-
mains largely unrewarded, despite a
wealth of accumulated data on the neu-
robiology, pathophysiology, and epidemi-
ology of this condition (5). Recent hy-
pothesis-driven, multiple-center, rando-
mized controlled trials of TBI-directed
therapies have failed to demonstrate effi-
cacy (6, 7), and current clinical guide-
lines for the management of TBI are
based primarily on nonrandomized clini-
cal observations, pathophysiological in-
ferences, and expert opinion (8, 9). As
management protocols emanating from
these guidelines gain widespread accep-

tance, it becomes necessary to critically
assess the interventions they advocate.
Chief among these are the measurement
and therapeutic targeting of intracranial
pressure (ICP) and the derived variable,
cerebral perfusion pressure (CPP, equal
to the difference between ICP and mean
arterial pressure).

The rationale for ICP- and/or CPP-
guided therapy emerged from a series of
key observations. First, elevated ICP is
frequent following severe TBI (i.e., Glas-
gow Coma Scale score �8), and it is a
powerful predictor of outcome (10). Sec-
ond, there is a consistent association be-
tween arterial hypotension and poor out-
comes after TBI (11). Third, severe TBI
induces significant abnormalities in cere-
bral blood flow (CBF), including global
hypoperfusion, regional hypoperfusion,

*See also p. 2207.
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Figure 1. The PCO2 electrode equilibration char-
acteristics of two TOSCA monitors, mounted simul-
taneously on the ears of a single patient during
artificial ventilation with slowly rising end-tidal
PCO2 (PetCO

2
). The electrode heated to 42°C shows

an overshoot of about 6.5 mm Hg peaking at 10
mins after mounting, whereas the electrode heated
to 45°C for the first 15 mins and then reset to 42°C
correctly tracks end-tidal PCO2 after 5 mins and
shows no overshoot (Kagawa, unpublished).
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hyperemia, and loss of autoregulation
(12). Much of the secondary injury ob-
served after TBI is ischemic in nature,
and hemodynamic augmentation repre-
sents an effort to ameliorate CBF before
the onset of irreversible damage. Assum-
ing cerebrovascular resistance is invari-
ant, this may be accomplished by de-
creasing ICP, increasing mean arterial
pressure, or both. Retrospective and pro-
spective nonrandomized accounts have
suggested that CPP-based therapy in pa-
tients with TBI improves global and re-
gional cerebral perfusion, decreases isch-
emia, and may lead to better clinical
outcomes (13).

In recent years, CPP-based therapy has
come under increasing scrutiny. A ran-
domized controlled trial comparing a
CPP- vs. an ICP-targeted protocol in 189
patients with severe TBI failed to demon-
strate any significant difference in the
Glasgow Outcome Scale assessed at 3 and
6 months (14). Of note, although CPP
therapy reduced the incidence and dura-
tion of jugular venous desaturation, it
was associated with a five-fold increase in
the incidence of acute respiratory distress
syndrome (14). There is evidence that
augmenting CPP does not significantly
improve perfusion to ischemic pericontu-
sional tissue (15). Finally, it has been
argued that the higher capillary hydro-
static pressure induced by elevating CPP
may promote cerebral edema formation
through a dysfunctional blood brain bar-
rier. Working from this postulate, some
investigators have proposed a radically
different therapeutic strategy aimed at
decreasing capillary hydrostatic pressure
and maintaining or augmenting capillary
oncotic pressure (the Lund hypothesis)
(16). In summary, there is considerable
uncertainty regarding the benefits, let
alone the optimal targets, of CPP-based
management (17).

In this issue of Critical Care Medicine,
Dr. Cremer and colleagues (18) present a
retrospective cohort of 333 patients with
severe TBI who survived beyond 24 hrs
and were admitted to two level I trauma
centers in The Netherlands over a 5-yr
period. Management was institution-
specific and was driven by clinical and
computed tomography findings in center
A (n � 122) and by an ICP/CPP-based
resuscitation protocol in center B (n �
211). In center A, none of the patients
had ICP monitoring and mean arterial
pressure was maintained at �90 mm Hg,
whereas in center B 67% had ICP moni-
toring and 48% had jugular venous oxy-

gen saturation monitoring, with goals of
maintaining ICP �20 mm Hg and CPP
�70 mm Hg. Demographic variables and
severity of brain injury were well bal-
anced between the two centers, although
a significantly higher proportion of pa-
tients in center B were found to have
arterial hypotension on admission. The
results of the study can be summarized as
follows: a) mortality rates and functional
outcomes (extended Glasgow Outcome
Scale at 12 months) were comparable in
the two centers; and b) mechanical ven-
tilation and length of intensive care unit
stay were significantly prolonged in pa-
tients who received ICP/CPP-guided
management. The findings of Dr. Cremer
and colleagues are at variance with other
recent studies in which protocolized ICP/
CPP-driven management was associated
with improved outcomes (19–21). How-
ever, it is notable that these prior reports
had historical control groups and a ret-
rospective assessment of outcomes,
whereas the control group of Dr. Cremer
and colleagues was concurrent and out-
comes were evaluated prospectively.

Dr. Cremer and colleagues (18) postu-
late that the higher level of therapeutic
intensity in the ICP/CPP center may have
adversely affected the outcomes of the
patients in this group. Their study adds to
an emerging body of data suggesting that
the beneficial effects of ICP/CPP manage-
ment in reversing or preventing second-
ary injury may be offset by adverse sys-
temic or central effects associated with
hemodynamic augmentation, osmoth-
erapy, muscle relaxation, sedation, and
pharmacologic coma (14, 17). The study
does not, however, elucidate how thera-
peutic intensity may have had an impact
on outcomes. For instance, the higher
incidence of acute respiratory distress
syndrome observed elsewhere in patients
treated according to a CPP paradigm (14)
was not reproduced in this study. Perhaps
because of the limitations of retrospective
data ascertainment, several important
data elements are missing. An analysis of
causes of death (e.g., brain death vs. sys-
temic causes such as cardiopulmonary
failure, propofol infusion syndrome, etc.)
might have strengthened the interpreta-
tion that aggressive therapies were detri-
mental. The results of serial neuroimag-
ing studies could have provided
important insights into secondary isch-
emic brain injury. Stratification of pa-
tients with space-occupying lesions (sub-
dural and epidural hematoma and
intraparenchymal contusions) vs. those

with diffuse cerebral edema (presence or
absence of basal cisterns) might have
helped identify subsets of TBI patients
who are more (or less) likely to benefit
from ICP/CPP-guided care.

The work of Dr. Cremer and col-
leagues (18) represents an excellent ex-
ample of an “effectiveness” study, in
which the implementation of a therapeu-
tic intervention is evaluated in a real-
world setting, as opposed to the highly
structured context of randomized con-
trolled trials in which the primary em-
phasis is on therapeutic “efficacy.” Based
on these findings, these authors contend
that there is sufficient clinical equipoise
to conduct a prospective randomized
controlled trial that is adequately pow-
ered to compare ICP/CPP-targeted man-
agement vs. supportive critical care with-
out ICP monitoring in patients with
severe TBI. Although we agree, the real-
ization of such a trial is likely to be prob-
lematic for a number of reasons, not least
of which the firmly held biases of many
clinicians.

Robert D. Stevens, MD
Anish Bhardwaj, MD, FCCM

Neurosciences Critical Care
Division

Departments of Anesthesiology
and Critical Care Medicine,
Neurology, and Neurological
Surgery

Johns Hopkins University School
of Medicine

Baltimore, MD
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Settling the score for disseminated intravascular coagulation*

Systemic activation of coagula-
tion, in a close interaction with
inflammatory activity, is in-
creasingly appreciated as a

pathogenetic pathway contributing to or-
gan dysfunction in patients with systemic
inflammatory diseases (1, 2). Systemic in-
flammation is in fact virtually always as-
sociated with activation of coagulation,
ranging from changes in molecular
markers in coagulation factors with
equivocal clinical significance to its most
full-blown variant, known as dissemi-
nated intravascular coagulation (DIC)
(3). Until recently, a diagnosis of DIC was
hampered by the limited availability of
reliable and simple tools with sufficient
diagnostic accuracy. Indeed, there is no
single clinical or laboratory test that has
an adequate sensitivity and specificity on
itself to confirm or reject a diagnosis of
DIC. However, combinations of several
readily available coagulation tests may be
helpful to establish this diagnosis. Fol-

lowing a previously developed Japanese
scheme, the subcommittee on DIC of the
International Society of Haemostasis and
Thrombosis proposed a simple scoring
algorithm using the platelet count, a pro-
longation of the prothrombin time, a de-
creased fibrinogen, and plasma levels of a
fibrin-related marker, such as D-dimer or
other fibrin degradation products (4). Im-
portantly, the score can only be used if
the patient has been diagnosed with an
underlying condition known to be asso-
ciated with DIC. The various components
of the scoring algorithm are assigned
points, and based on retrospective data a
score of �5 is compatible with DIC. Pro-
spective validation of this system in con-
secutive patients with a clinical suspicion
of DIC confirmed a high sensitivity and
specificity of this scoring system (5).
Moreover, application of the score in
large databases of patients with severe
sepsis has revealed that the DIC score is a
strong and independent predictor of mor-
tality and that the scoring system may
select patients who will have a relatively
large benefit of interventions in the co-
agulation/inflammatory cascades, such as
the administration of recombinant hu-
man activated protein C (6). Based on
these observations, the DIC scoring sys-
tem may be a helpful tool in clinical prac-

tice but also in the design and execution
of trials aimed at improving the clinical
management of patients with DIC and
associated conditions. However, a disad-
vantage of the system may be its static
nature, thereby not taking into account
dynamic changes in the respective pa-
rameters over a certain period of time.

In this issue of Critical Care Medicine,
Dr. Kinasewitz and colleagues (7) present
their findings on an equally simple evolv-
ing DIC score, solely based on platelet
count and prothrombin time. Interest-
ingly, not only absolute values of these
markers are included, but also changes of
these variables at subsequent measure-
ments are included in the score. A pro-
spective exploration of this system in pa-
tients with severe sepsis showed a good
correlation with organ failure and pro-
vided useful information as to the evolve-
ment of the clinical condition of the pa-
tient. The power of the scoring system of
Dr. Kinasewitz and colleagues may in-
deed be related to the fact that changes in
platelet count and prothrombin time
count equally strongly as absolute values
of these markers. The ideal time that
should elapse between measurements,
however, remains unclear. Nevertheless,
the system as proposed by the authors
can easily be applied at the bedside and

*See also p. 2214.
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seems an interesting addition to the orig-
inal scoring system. The observations of Dr.
Kinasewitz and colleagues are in line with a
recent report demonstrating that a com-
posite dynamic coagulopathy score was
quite accurate in identifying patients who
would progress to multiple organ failure
and who would not survive (8). This com-
posite scoring system, based on retrospec-
tive data from the PROWESS study, con-
sisted of four factors: an absolute low level
of antithrombin, changes in the first 24 hrs
including a decrease in antithrombin levels
by 20%, failure of the prothrombin time to
shorten �2 secs, or the absence of a 20%
decrease in D-dimer levels. Taking these
two reports together, it seems that adding
dynamic changes to scoring systems for
DIC may result in valuable improvement of
the predictive power of the scoring systems
for DIC, although the accuracy of both sys-
tems remains to be established in prospec-
tive studies.

Another modification in the original
DIC score that may be considered is the
abolishment of fibrinogen levels from the
algorithm. In fact, fibrinogen levels are
very rarely decreased in DIC, and fibrin-
ogen hardly ever contributes to the total
score. In fact, the powerful performance
of the DIC score in patients with severe
sepsis was demonstrated without a single
measurement of fibrinogen in this study
(6). Another modification may be to re-
place the expression of the prothrombin
time in seconds by International Normal-
ized Ratio (INR). This modification would
further standardize the system and make
it more applicable to institutions where
only INRs are reported by the laboratory,
although one needs to realize that the
INR has in fact not been developed and

standardized for monitoring a normal or
slightly abnormal coagulation status and
certainly not for the diagnosis of a con-
sumption coagulopathy. Last, the optimal
choice for a fibrin-related marker and the
ideal cutoff values need to be established.
Despite a slightly superior performance
of soluble fibrin in the DIC scoring sys-
tem (9), in most centers measurement of
D-dimer is used, because this test is usu-
ally routinely available for the exclusion
of venous thromboembolism. A recent
study showed that for the use of D-dimer
results in the DIC score, optimal cutoff
points can be defined (10).

Simple scoring systems for DIC employ-
ing readily available laboratory tests seem
to be useful for confirming or rejecting a
diagnosis of this condition. Prospective val-
idation studies show that these algorithms
are quite accurate, and recent studies, in-
cluding the one by Dr. Kinasewitz and col-
leagues in this issue of Critical Care Medi-
cine, indicate that small modifications may
even further improve their diagnostic accu-
racy. These scoring systems may be helpful
at the bedside but also for use in clinical
studies aimed at improving the clinical
management of patients with conditions
known to be associated with DIC.

Marcel Levi, MD
Department of Vascular Medicine

and Internal Medicine
Academic Medical Center
University of Amsterdam
Amsterdam, The Netherlands
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The imperfect diagnosis of acute respiratory distress syndrome*

I n 2004, Esteban and colleagues
(1) demonstrated that 127 of 382
patients who were autopsied after
dying in an intensive care unit

(ICU) in Madrid met clinical criteria for
the acute respiratory distress syndrome
(ARDS). ARDS was diagnosed retrospec-
tively by two of the investigators through
medical record review, using the Ameri-
can-European Consensus Conference
(AECC) definition (2). At autopsy, only 84
of the 127 patients who met AECC crite-
ria for ARDS had diffuse alveolar damage
(DAD), the histologic pattern of alveolar
and epithelial cell disruption, pulmonary
edema, and hyaline membrane formation
that corresponds to the early exudative
phase of ARDS (3). Of the 43 patients
with clinical ARDS but not DAD, 32 had
autopsy evidence of pneumonia, 4 had
pulmonary hemorrhage, 3 had cardio-
genic pulmonary edema, 3 had pulmo-
nary emboli, and 1 had interstitial fibro-
sis secondary to chemotherapy. On the
other hand, of the 255 autopsied patients
who did not meet AECC criteria for
ARDS, 27 had DAD at autopsy. Twelve of
these cases were diagnosed clinically by
the investigators as pneumonia, 12 were
thought to have cardiogenic pulmonary
edema, and 1 had no identified pulmo-
nary disease. Esteban and colleagues con-
cluded from these findings that the AECC
definition of ARDS was only moderately
sensitive and specific with use of DAD as
the reference standard.

In this issue, Ferguson and colleagues
(4) analyze a subset of 138 patients from
the previous study who were intubated,
mechanically ventilated, and autopsied
after dying in the Madrid ICU. Patients
intubated for �14 days before death were
excluded because their histologic find-
ings might not reflect ARDS in its exuda-
tive phase. The records of patients in-
cluded in the study were reviewed by two

of the investigators, using a somewhat
different methodology than in the previ-
ous study, and ARDS was diagnosed on
the basis of three definitions: the AECC
definition, the lung injury score (LIS) of
Murray and colleagues (5), and a new
definition developed through the Delphi
technique (Delphi). In addition, during
their record review, the investigators de-
termined whether the patients’ physi-
cians considered ARDS to be present
when they treated them.

ARDS was diagnosed by investigators
in 82 of the 138 autopsied patients on the
basis of the AECC definition and in 53
and 46 on the basis of the LIS and Delphi
definitions, respectively. However, only
42 of the 138 patients who met clinical
criteria for ARDS had DAD at autopsy. Of
the 96 who did not have DAD, 47 met the
AECC criteria for ARDS during retrospec-
tive review; 22 of these patients had his-
tologic pneumonia, 10 had pulmonary
emboli, 5 had cardiogenic pulmonary
edema, and 18 had no significant lung
findings. At the same time, of the 42
patients who had DAD at autopsy, only 20
were suspected of having ARDS by the
physicians who treated them, and of the
82 patients whose diagnosis of ARDS was
made by the investigators in retrospect,
only 26 were thought to have had ARDS
by their treating physicians. Ferguson
and colleagues determined that the clin-
ical criteria for ARDS, with use of all
three definitions in this study, were only
moderately sensitive and specific; the
AECC definition was the most sensitive
definition, whereas the LIS and Delphi
definitions were the most specific ones.
They concluded that ARDS is underdiag-
nosed by treating physicians and that the
variable specificities of existing clinical
definitions may be problematic for clini-
cal trials.

The underdiagnosis of ARDS and its
possible consequences, including the fail-
ure to treat patients who have ARDS with
proven therapies such as low-tidal-
volume ventilation (6), were not high-
lighted in the investigators’ previous
study and are worthy of emphasis here.
Yet Ferguson and colleagues have not
drawn attention to an equally important

finding in their two studies: with use of
DAD as a reference standard, ARDS is
frequently overdiagnosed by retrospective
review. If we assume that comparable
prospective review is performed when pa-
tients are identified with ARDS for clini-
cal trial enrollment, this finding suggests
that a significant number of such patients
would not meet the reference standard
and may contaminate the results of the
trials. And although Ferguson and col-
leagues do not provide data on this issue,
it is likely that some patients who were
believed by their treating physicians to
have ARDS lacked autopsy evidence of
DAD and therefore did not truly have
ARDS by the study’s reference standard.

Although Ferguson and colleagues “do
not claim DAD at autopsy to be a ‘gold
standard’ for ARDS,” they nevertheless
believe that “the majority of patients with
severe early ARDS (such as those who
died and were included in this study)
should have pathologic changes consis-
tent with DAD,” which justifies their use
of DAD as a reference—if not a gold stan-
dard. Recent reviews of ARDS (7, 8) also
stress that DAD is the histologic equiva-
lent of exudative ARDS. Yet because few
patients with or without clinical ARDS
are biopsied during life or autopsied after
death, the suitability of DAD as a refer-
ence standard for ARDS remains uncer-
tain. In this regard, some patients with
ARDS may lack DAD because their lung
injury is in its proliferative phase (7).
Others with clinical ARDS may have his-
tologic processes as diverse as pneumonia
(as in the studies from Madrid), bronchi-
olitis obliterans with organizing pneumo-
nia, pulmonary hemorrhage due to cap-
illaritis, acute eosinophilic pneumonia,
cardiogenic pulmonary edema (as found
in the Madrid studies), a variety of emboli
(not only the thromboemboli seen in the
Madrid studies but also fat, foreign mate-
rial, or tumor), bronchoalveolar cell car-
cinoma, pulmonary alveolar proteinosis,
and acute transplant rejection, among
other conditions (9).

In the final analysis, ARDS is a clinical
diagnosis, DAD is a histologic diagnosis,
and the two are not always congruent. As
a result, comparing the diagnostic accu-

*See also p. 2228.
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racy of the various clinical definitions of
ARDS against a histologic reference stan-
dard is provocative but conceptually lim-
ited, as Ferguson and colleagues ac-
knowledge. Other investigators (10) have
evaluated published definitions of ARDS
on a physiologic and outcome basis and
found that they identify similar patients
from at-risk groups. Yet even with this
approach, the definitions are imperfect in
diagnosing patients with ARDS in the ab-
sence of a true gold standard, and they
will remain so until ARDS is better un-
derstood.

Given this situation, clinicians and in-
vestigators alike should use the widely
accepted AECC definition in identifying
patients with ARDS and determining
their eligibility for clinical trials (7).
Whether some of the patients actually
have bronchiolitis obliterans with orga-
nizing pneumonia, acute eosinophilic
pneumonia, pulmonary alveolar pro-
teinosis, or other conditions that may
respond to specific therapies in addition
to supportive measures for ARDS is un-
clear, although in some cases lung biop-
sies may help guide treatment. And even

if these conditions are present, the pa-
tients generally should benefit from low-
tidal-volume ventilation, which has been
tested in other patients who met the
AECC definition of ARDS and may or may
not have had DAD.

John M. Luce, MD, FCCM
Medical-Surgical Intensive Care

Unit
San Francisco General Hospital
University of California
San Francisco, California
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Lactic acidosis in sepsis: Another commentary*

Blood lactate concentration is
regarded by many as the sim-
plest marker of tissue dysoxia
in the intensive care unit. The

trouble with simple things, however, is
that one must understand them very
well. The interpretation of blood lactate
concentration in critically ill patients, in
particular patients with sepsis or in septic
shock, is not a simple task. Lactate is an
enigma. Lactate can be considered either
a metabolic fuel or a metabolic waste
product. Lactate is produced by hypoxic
tissues but also by fully oxygenated tis-
sues. An elevated blood lactate concentra-
tion may, or may not, be predictive of
mortality. Elevations in blood lactate

concentration may be produced by in-
creased production or by decreased clear-
ance rates (1).

Anaerobic organisms derive their en-
ergy from glycolysis by oxidizing and
splitting a six-carbon glucose molecule
into two three-carbon pyruvate mole-
cules. The energy released during glyco-
lysis is conserved in forming adenosine
triphosphate (ATP) and reducing nicotin-
amide adenine dinucleotide (NAD�) to
NADH. Lacking a continuous supply of
NAD�, glycolysis comes to a sudden and
disastrous halt. To the delight of wine
aficionados, yeast regenerates NAD� by
reducing pyruvate to ethanol. Higher or-
ganisms reduce pyruvate to lactate via
the enzyme lactate dehydrogenase. This
reaction averts pyruvate accumulation in
the cytosol and supplies glycolysis with
the required NAD�.

Aerobic organisms dispose of pyruvate
in the mitochondria by transferring elec-
trons to oxygen while generating vast
quantities of cellular energy. Lactate pro-

duction increases in hypoxia (type A hy-
perlactatemia) as the rate of glycolysis
accelerates, providing normally aerobic
cells with a readily available source of
nonmitochondrial ATP (Crabtree effect)
(2). Lactate production also may occur in
fully oxygenated tissues (type B hyperlac-
tatemia) in response to various inducers,
such as metformin and epinephrine (3,
4).

The production of lactate does not
cause the acidosis associated with heavy
exercise or with hypoxia (5). Cellular ac-
idosis in these conditions is produced by
the hydrolysis of nonmitochondrial ATP.
Each time a molecule of ATP undergoes
hydrolysis, a proton is released. When
oxygen is readily available, protons, along
with the other products of ATP break-
down, adenosine diphosphate and inor-
ganic phosphate, are recycled by mito-
chondria and cellular pH remains
constant. During hypoxia or exercise, mi-
tochondrial turnover rate drops below
the rate of ATP hydrolysis. As more pro-

*See also p. 2235.
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tons are produced by the hydrolysis of
nonmitochondrial ATP, intracellular pH
falls (6). Lactate helps retard cellular ac-
idosis by binding to protons and forming
lactic acid (7).

Returning to the example of ethanol-
forming yeast, one may ask why higher
organisms did not evolve this strategy as
a mean to dispose of pyruvate. After all, it
may be argued somewhat cynically, eth-
anol production could make life a bit
more pleasant for many of our hypoxic
patients. The answer appears to be that,
far from being just a metabolic waste
product, lactate is also a very busy trans-
port molecule. There is evidence that lac-
tate shuttling from cytosol to mitochon-
dria, bypassing pyruvate oxidation,
promotes glycolytic flux and helps pre-
serve mitochondrial redox (8). Lactate
also carries protons from actively meta-
bolic tissues to quiescent or fully aerobic
tissues as it diffuses in the blood stream
as lactic acid. Acidemia facilitates the up-
take of lactic acid from blood whereas the
opposite occurs with alkalemia (9).
Freshwater turtles survive prolonged
conditions of anoxia at low temperature
and represent an extreme example of lac-
tate as a proton transporter. Lactic acid
efflux from anoxic cells is promoted in
these animals by forming calcium lactate
in blood and incorporating this com-
pound into the turtle’s shell and skeleton
(10).

A single measurement of lactate con-
centration in tissue or body fluids is dif-
ficult to interpret since it represents the
balance between lactate production and
removal. The production of lactate occurs
commonly in skeletal muscles during
heavy exercise. In fact, fully aerobic,
working skeletal muscle produces and
uses lactate simultaneously as lactate
formed in glycolytic fibers is oxidized by
adjacent oxidative fibers (11). Other im-
portant sources of lactate production are
the ischemic gut (12) and acutely injured
lungs (13, 14). Several organs participate
in lactate removal from blood. The liver
efficiently removes lactate from blood,
converting it to glycogen (Cori cycle)
(15), and septic patients with chronic
liver disease are prone to the develop-
ment of hyperlactatemia (16). The heart
is another efficient user of lactate, deriv-
ing up to 20% of its aerobic energy from
lactate oxidation (17). Other organs capa-
ble of removing lactate from blood are
the kidneys, the brain, and skeletal mus-
cle (18, 19).

The generally accepted view of lactate
as a hypoxia-related noxious metabolite
dates to the 19th century when Pasteur
noted the association between hypoxia
and lactate accumulation in tissue. Data
supporting the “harmful” role of lactate
are provided by clinical studies showing
mortality rates of 83% and 90% for blood
lactate concentrations �5 mmol/L on in-
tensive care unit admission (20) or �8
mmol/L after cardiopulmonary resuscita-
tion (21), respectively.

Much of our understanding of lactate
accumulation in tissue derives not from
studies of tissue hypoxia but from exer-
cise physiology (22). A.V. Hill (23) defined
the “oxygen debt” as the “total amount of
oxygen used after cessation of exercise in
recovery therefrom.” Margaria et al. (24)
further established the foundations of the
lactic oxygen debt by noting lactate’s dis-
appearance from blood after exercise with
a half life approximately 15 mins long.

Shoemaker and colleagues (25) ex-
panded the concept of exercise-related
lactic oxygen debt into a hypoxia-related
lactic oxygen debt and further proposed
that hyperlactatemia was evidence of “co-
vert” tissue hypoxia in sepsis. Coupled
with the paradigm of pathologic supply
dependence (26), the presence of hyper-
lactatemia served as the rationale for in-
creasing the rate of oxygen delivery to
very high values in septic patients. Al-
though an attractive hypothesis, the pres-
ence of a persistent, hypoxia-related lac-
tic oxygen debt is difficult to prove since
septic patients usually lack evidence of
tissue hypoxia, other than hyperlac-
tatemia. Large clinical trials aimed at in-
creasing the rate of systemic oxygen de-
livery to “supranormal” values were utter
failures since patient mortality either in-
creased (27) or did not change (28) when
compared with control groups. In our
opinion, the failure of these clinical trials
to improve survival is related to the no-
tion that septic hyperlactatemia is not
tantamount to tissue hypoxia.

There is accumulating evidence that
lactate in septic patients is the product of
nonhypoxic increases in glycolytic flux,
not “covert” tissue hypoxia. Moreover,
considerable argument exists as to
whether the hyperlactatemia of sepsis re-
sults from increased cellular production
or from decreased clearance rate. Levraut
and colleagues (29) measured lactate
clearance in stable septic patients with
normal (1.2 � 0.2 mmol/L) or mildly
elevated (2.6 � 0.6 mmol/L) blood lactate
concentrations and noted lower lactate

clearance in the hyperlactatemic pa-
tients. A follow-up study in severely ill
septic patients with normal or mildly el-
evated blood lactate concentration (�3
mmol/L) showed that low lactate clear-
ance was predictive of poor outcome (30).

Findings opposite to those of Levraut
et al. were reported by Chiolero and col-
leagues (31) in postoperative cardiogenic
shock hyperlactatemia. The latter con-
cluded that hyperlactatemia in their
study subjects could be explained by in-
creases in lactate production, with alter-
ations in lactate utilization playing a mi-
nor role. Since many of the patients in
their study had marked increases in glu-
cose production, Chiolero et al. also con-
cluded that increased rates of glycolysis
contributed significantly to the develop-
ment of hyperlactatemia. It is significant
to note that patients in the study by Chi-
olero et al. had high levels of arterial
lactate (7.8 � 3.4 mmol/L) when com-
pared with those of Levraut et al. (2.6 �
0.6 mmol/L).

In the present issue of Critical Care
Medicine, Dr. Revelly and colleagues (32)
evaluated lactate production and clear-
ance in patients with septic shock, pa-
tients with circulatory failure, and nor-
mal volunteers. They infused 13C-labeled
sodium lactate and 2H-labeled glucose in
these individuals and calculated the rate
of gluconeogenesis from lactate by mea-
suring plasma 13C-glucose and that of
lactate oxidation from measurements of
expired 13CO2. Lactate clearance was
computed using a pharmacokinetic
model. The authors found that the in-
creased lactate production in patients with
septic or cardiogenic shock was present de-
spite lactate clearance being similar to
healthy subjects. Baseline arterial lactate
concentrations were 3.2 � 2.6 mmol/L in
septic shock patients, 2.8 � 0.4 mmol/L in
cardiogenic shock patients, and 0.9 � 0.2
mmol/L in healthy subjects.

Dr. Revelly and colleagues (32) should
be congratulated for the care shown in
performing these very difficult clinical
studies. Given the complexity of the ex-
periments, and as acknowledged in their
article, the statistical power of the study
is limited by the small number of subjects
in each group. A methodological concern
is the application of a steady-state phar-
macokinetic model that assumes steady
state to a condition in which the subjects
failed to achieve a lactate concentration
plateau. Using the last measured point as
an estimate of the plateau value makes
the results of the model highly dependent
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on the assumption of having reached a
steady-state condition. Perhaps it would
have been more satisfying, although per-
haps not more valid, to extrapolate a fit-
ted mathematical function of the data to
a plateau value.

The divergent findings of Dr. Revelly
and colleagues (32) and those of Levraut
et al. (29) perhaps can be explained by
methodological differences in measuring
lactate clearance. Dr. Revelly and col-
leagues used a continuous infusion
method, as opposed by the bolus injec-
tion method used by Levreaut et al. There
were also small differences in patient
population, with the subjects in Revelly
et al. study having higher lactate concen-
tration values.

Except in those individuals with clear
evidence of systemic or regional cessation
of blood flow, elevations in blood lactate
concentration in critical ill patients prob-
ably bear little relation to tissue hypoxia.
Most likely, the metabolism of lactate and
glucose in sepsis is tied to the cellular
inflammatory response (33). Some tis-
sues will produce lactate in concert with
their degree of inflammation whereas
other tissues will consume it. We applaud
the efforts of Dr. Revelly and colleagues
(32), as well as those of Chiolero et al.
(31) and Levreaut et al. (29), in attempt-
ing to define the complexity of lactate
kinetics in critically ill patients.

Guillermo Gutierrez, MD, PhD
Pulmonary and Critical Care
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Washington, DC
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The unpretentious role of 2,3-diphosphoglycerate in critical illness*

T he structure of hemoglobin
was determined by Perutz and
Kendrew (1) with x-ray crys-
tallography almost a century

after its discovery by the German chemist
Felix Hoppe-Seyler in 1871. The function
of hemoglobin as an oxygen carrier was
established in the early 20th century by
Bohr, Hasselbalch, and Krogh (2), who
first described the sigmoid shape of the
oxyhemoglobin dissociation curve (ODC).

The hemoglobin protein is a tetramer
composed of two � and two 	 polypeptide
chains. Each chain contains a heme
group capable of binding reversibly to
oxygen. The sigmoid shape of the ODC is
characteristic of an allosteric enzyme sys-
tem, in which the substrate also serves to
modulate catalytic activity (3). Fully de-
oxygenated hemoglobin has low oxygen
affinity. Initial binding to an oxygen mol-
ecule produces mechanical and chemical
stresses that relax the �-	 chains of he-
moglobin and expose inner oxygen-
binding sites. This conformational
change increases the affinity of hemoglo-
bin for the next oxygen molecule. As all
binding sites are filled, oxygen affinity
again decreases. The ability to alter oxy-
gen affinity as a function of oxygen satu-
ration makes hemoglobin an ideal oxygen
carrier. Partially deoxygenated venous
blood enters pulmonary capillaries, avidly
searching for oxygen. Fully oxygenated
arterial blood enters tissue capillaries
ready to yield its precious cargo.

Alterations in hemoglobin affinity are
best characterized by changes in P50, the
oxygen tension at which hemoglobin is
50% saturated. Increases in P50 (right
shift of the ODC) correspond to lower
hemoglobin oxygen affinity. Decreases in
P50 (left shift of the ODC) correspond to
higher oxygen affinity. Increases in blood
temperature, hydrogen ion concentra-

tion, and PCO2 independently lower oxy-
gen affinity through a conformational
change in the hemoglobin molecule, al-
beit to a lesser extent than that produced
by heme-to-oxygen binding. Decreased-
oxygen-affinity hemoglobin promotes ox-
ygen release in organs with a high met-
abolic rate, whereas increased-oxygen-
affinity hemoglobin facilitates blood
oxygen uptake when alveolar PO2 is low.

Cell-free hemoglobin produces sub-
stantial vasoconstriction in some endo-
thelial beds (4) since hemoglobin is a
potent nitric oxide scavenger (5) with an
affinity for nitric oxide 8,000 times that
for oxygen (6). Erythrocytes isolate he-
moglobin from the endothelial milieu.
Furthermore, they do not consume oxy-
gen to generate adenosine triphosphate
but instead use glycolysis as their exclu-
sive source of energy. The fermentation
of glucose into pyruvate and lactate re-
sults in the generation of adenosine
triphosphate and in the accumulation of
2,3-diphosphoglycerate (2,3-DPG) (7).
Deoxyhemoglobin binds to 2,3-DPG, de-
creasing hemoglobin oxygen affinity (8,
9). 2,3-DPG also acts on the ODC by al-
tering the Gibbs-Donnan equilibrium in
the cell, with consequent lowering of in-
tracellular pH (10).

Unlike the rapid swings in P50 pro-
duced by changes in pH or temperature,
2,3-DPG accumulates slowly as a func-
tion of the erythrocyte glycolytic rate.
Measurable changes in P50 produced by
2,3-DPG require 4–24 hrs to occur (11).
Acidosis and reductions in inorganic
phosphate decrease blood 2,3-DPG con-
centration, whereas hypoxia and altitude
tend to increase it (12).

Few studies have measured blood 2,3-
DPG concentration in critically ill pa-
tients or the effect that alterations in
2,3-DPG have on P50 in vivo. Of particu-
lar interest is the effect that depletion of
2,3-DPG in stored blood (13) has on tis-
sue oxygen delivery (14, 15). Blood trans-
fusions depress overall 2,3-DPG concen-
tration in heart surgery patients (16) but
apparently do not affect hemodynamic or
oxygen-transport parameters.

Morgan et al. (17) noted decreases in
2,3-DPG concentrations in a mixed group

of critically ill patients but no changes in
P50 or in tissue oxygenation. Agusti et al.
(18) found higher pH and 2,3-DPG con-
centrations in a group of mechanically
ventilated patients with acute respiratory
failure than in a nonventilated cohort.
The in vivo P50, however, was lower in
the ventilated patients. This finding sup-
ports the notion that the position of the
ODC in critically ill patients is deter-
mined primarily by alterations in blood
pH, not by changes in 2,3-DPG levels.

The study by Ibrahim and colleagues
(19) in this issue of Critical Care Medi-
cine explores the relationship between
ICU mortality rate and erythrocyte 2,3-
DPG concentration. Little is known about
this subject, and the authors should be
congratulated for their efforts. They mea-
sured 2,3-DPG concentrations in a large,
heterogeneous cohort of critically ill pa-
tients within 24 hrs of ICU admission and
compared them with concentrations for a
healthy reference group matched by age
and sex. They excluded patients who had
received a blood transfusion within the
previous 24 hrs, ensuring that 2,3-DPG
measurements were of either native or in
vivo rejuvenated erythrocytes.

Ibrahim et al. (19) found no associa-
tion between ICU mortality and blood
2,3-DPG concentration. Moreover, 2,3-
DPG concentration was lower in the ICU
patients than in the reference group. This
difference could be attributed exclusively
to a lower 2,3-DPG concentration in fe-
male patients, a remarkable and unex-
pected finding. A multivariate analysis of
the data found no association between
gender and 2,3-DPG concentration, so
perhaps small but cumulative variances
between male and female patient groups
were responsible for a lower 2,3-DPG in
female patients. This finding certainly
merits attention in future investigations.

The study by Ibrahim et al. (19)
showed a normal mean in vivo P50 (28.5
Torr, or 3.8 kPa) and a reciprocal rela-
tionship between blood hydrogen ion and
2,3-DPG concentrations. This relation-
ship appears to be strongest in female
patients (Fig. 3 of their article). Ibrahim
et al. hypothesize that decreases in 2,3-

*See also p. 2247.
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DPG may affect adversely the unloading
of oxygen from blood in tissue capillaries
by shifting the ODC curve to the left, or
at least by hindering a hydrogen ion–
induced rightward shift.

Although it is commonly accepted
that decreases in hemoglobin affinity pro-
mote the release of oxygen in the tissue
capillaries, it is not certain that leftward
shift of the ODC impairs tissue oxygen
delivery. In fact, Barcroft et al. (20) sug-
gested that acclimatization to a hypoxic
environment requires a left shift of the
ODC to fully saturate hemoglobin at
lower alveolar PO2 values. Subsequent
measurements at high altitude, however,
showed that acclimatized subjects de-
velop chronic hyperventilation and respi-
ratory alkalosis (21), a response that is
accompanied by increases in 2,3-DPG, re-
sulting in constant P50 or even a slight
increase in oxygen affinity (22).

As Fairweather et al. (23) proposed
�30 yrs ago, perhaps the function of 2,3-
DPG is to unobtrusively defend a normal
P50 from persistent acid-base distur-
bances. Increases in hemoglobin oxygen
affinity resulting from acidemia are mod-
erated by decreases in 2,3,-DPG, whereas
the opposite occurs with alkalemia.
Avoiding large alterations in P50 might
help position the ODC optimally to swing
left when loading oxygen and swing right
when releasing it. This phasic adjustment
in P50 would create the most favorable
conditions for oxygen transfer from the
lungs to the tissues.

Guillermo Gutierrez, MD, PhD
Pulmonary and Critical Care

Medicine Division
Department of Medicine
The George Washington University

Medical Center
Washington, DC
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When shall the lung be opened up: During or after cardiac surgery?*

Pulmonary function is impaired
after cardiac and abdominal
surgery; hypoxemic periods are
frequent, and pneumonia oc-

curs in 3% to 10% of patients, a figure
that may exceed 20% following emer-
gency surgery (1–4). There may be half a
million patients per year who develop
pulmonary complications in the Euro-
pean Union or the United States. A pro-
longation of the hospital stay by 4 days,
followed by a sick leave of 4–7 days, may
result in a cost of $5,000 per patient, a
total cost of $2.5 billion per year in the
United States or European Union! To this
monetary cost can be added the strain on
family and workplace.

One cause of intraoperative and post-
operative lung complications is reduced
functional residual capacity (FRC) during
anesthesia (5). Airways are narrowed,
causing airway closure and gas adsorp-
tion, leading to atelectasis formation. At-
electasis can be seen in almost all anes-
thetized subjects, independent of age (6).

Atelectasis causes shunt and is a po-
tential cause of inflammation and pneu-
monia. The opening of atelectasis in the
anesthetized subject requires a “vital ca-
pacity” maneuver, that is, inflation of the
lung to an airway pressure of 40 cm H2O.
However, atelectasis reappears within
minutes if ventilation is done with high
oxygen concentration, unless a positive
end-expiratory pressure (PEEP) is applied
(6).

Cardiac surgery causes large atelecta-
sis and shunt. If no precautions are taken
in the immediate postoperative period,
the lung will recruit slowly, and more
than half the lung may be collapsed both
1 and 2 days later, with shunt around
20% to 30% of cardiac output (7–9).

The effects on arterial oxygenation of
making recruitment maneuvers after car-
diac surgery have been tested in different

clinical trials, mostly with clear improve-
ment of PaO2 (10–12). In a study by Dyhr
et al. (13) a recruitment maneuver of four
10-sec inflations to an airway pressure of
45 cm H2O plus PEEP of 12 cm H2O
increased FRC and more than doubled
PaO2 during a limited study period of 75
min. In this issue of Critical Care Medi-
cine, Miranda and co-workers have tested
effects of a slightly different “open lung
concept” on FRC and hypoxemia after
cardiac surgery, and they followed the
patients over a much longer period of 5
days (14). They tested whether a recruit-
ment maneuver to a peak inspiratory air-
way pressure of 40 cm H2O during 15 sec
could raise the PaO2/FIO2 ratio to a value
�375 mm Hg. They repeated the maneu-
ver with increasing peak inspiratory air-
way pressure, up to a maximum of 60 cm
H2O if necessary, to reach the intended
PaO2/FIO2 ratio.

In one group this procedure was ini-
tiated in the postoperative ward around 1
hr after cessation of surgery (“late open
lung” concept). In another group, the
open lung concept was instituted during
the early phase of anesthesia before sur-
gery (“early open lung” concept), fol-
lowed by minor ventilation (tidal volume
of 1 mL/kg and a PEEP of 10 cm H2O
(with few exceptions). A control group
underwent continuous positive airway
pressure of 3–5 cm H2O during surgery,
followed by manual bagging up to an
airway pressure of 35 cm H2O with 100%
oxygen at the end of surgery, mechanical
ventilation with a tidal volume of 6–8
mL/kg, and a PEEP of 5 cm H2O.

On the first postoperative day, FRC
was reduced to one-half in the controls.
Surprisingly, the late open lung group
showed no better results. However, in the
early open lung group, FRC was much
better preserved, with 50% higher values
than in the control group on the first
postoperative day. Moreover, fewer re-
cruitment maneuvers had to be per-
formed in this group than in the late
open lung group to maintain a PaO2/FIO2

�375 mm Hg, and the recruitment was
performed with lower airway pressure.

The control group had more hypoxic
episodes than either of the two open lung

groups, and there was no difference be-
tween the two latter groups. There was
no difference between the three groups
regarding pneumothorax, pneumonia, or
cardiac performance. Thus, the higher
airway pressure in the two open lung
concept groups did not cause more baro-
trauma/volotrauma or more impairment
of cardiac function than in the control
group.

What can we learn from these results?
The authors found that the open lung
concept reduced the risk of developing
hypoxemia, similar to findings in previ-
ous studies of lung recruitment after car-
diac surgery (10–13). However, early ap-
plication of the open lung concept was
needed to increase FRC well above that of
controls, and the authors attribute this to
less cyclic collapse that may reduce stress
and activation of inflammatory markers.
This is a tempting explanation but not
proven, and cyclic collapse can hardly be
expected in the nonventilated lung.
Moreover, atelectasis seems not to be re-
opened during ordinary tidal ventilation
during anesthesia (5). Thus, prevention
of cyclic collapse by the open lung con-
cept may be limited to the postoperative
period.

The early open lung group was venti-
lated according to the open lung concept
for the whole postoperative ventilator pe-
riod, whereas the late open lung group
underwent conventional mechanical ven-
tilation for 30–60 min before the open
lung concept was applied. That this short
period should have caused the nonre-
cruitable drop in FRC is almost surpris-
ing, but there is no immediate alternative
explanation. However, as a prevention of
hypoxemic episodes, the late open lung
concept was rather efficient.

This is similar to the successful use of
continuous positive airway pressure in
hypoxemic patients after abdominal sur-
gery (15). A compromise would be to ap-
ply the open lung concept as soon as full
ventilation is resumed after surgery in-
stead of waiting until the patient is in the
postoperative ward or intensive care unit.
This might eliminate the need for high
PEEP/continuous positive airway pres-
sure during surgery (part of the open

*See also p. 2253.
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lung concept), with its potential of limit-
ing the visual field for the surgeon.

In conclusion, an increased interest in
improving postoperative lung function
has emerged during the past few years,
partly because of new insights into atel-
ectasis formation in the perioperative pe-
riod. The study by Miranda et al. is proof
of that, although their finding that early,
intraoperative lung recruitment was su-
perior to late recruitment must be met
with some caution. The reproduction of
their results by another group is eagerly
waited for.

Göran Hedenstierna, MD, PhD
Department of Medical Sciences
Clinical Physiology
Uppsala University Hospital
Uppsala, Sweden
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Reassessing recombinant human activated protein C for sepsis:
Time for a new randomized controlled trial*

I n this issue of Critical Care Med-
icine, Dr. Vincent and colleagues
(1) present an uncontrolled eval-
uation of recombinant human ac-

tivated protein C (rhAPC) (Extended
Evaluation of rhAPC trial, ENHANCE) in
sepsis. This trial suggests that the risk of
hemorrhage with rhAPC may be greater
than originally estimated in the phase III
rhAPC Worldwide Evaluation in Severe
Sepsis Trial (PROWESS) (2). In addition
to ENHANCE and PROWESS, however,
two as yet unpublished randomized con-
trolled trials have been completed in
adults and children that prospectively
tested the efficacy of rhAPC in sepsis (3,

4). Neither of these controlled trials re-
produced the beneficial effect of rhAPC
reported in PROWESS, raising the ques-
tion whether there is a population of sep-
tic patients who can be identified a priori
who will benefit from this agent. We be-
lieve this question can only be answered
with an additional prospective placebo-
controlled trial.

Analysis of the mortality data from the
PROWESS trial by the Food and Drug
Administration (FDA) was based on pro-
spectively defined subsets of patients (5,
6). This analysis found that the mortality
difference between rhAPC and placebo
was limited to those patients with a
higher risk of death, as defined by an
Acute Physiology and Chronic Health
Evaluation (APACHE) II score �25 (i.e.,
the third and fourth quartile APACHE II
scores). In the FDA analysis, the APACHE
II appeared most effective in classifying
patients by risk of death and by likelihood
of benefit from rhAPC. After approval,
based on this analysis and risk-benefit

assessment, the package insert indicated
that rhAPC was for use in patients with
severe sepsis and a high risk of death as
determined by, for example, APACHE II
score (6, 7). In approving rhAPC, the FDA
also anticipated receiving the results of
additional testing planned by the manu-
facturer in lower risk adult patients
(APACHE �25) and in children (5). These
two randomized placebo-controlled trials
were conducted in patients with low
APACHE II scores (Administration of
Drotrecogin Alfa (Activated) During Early
Severe Sepsis [ADDRESS] trial) and pe-
diatric patients. Both trials were stopped
by their respective data monitoring
committees for futility (Table 1). In the
ADDRESS trial, the control mortality
rate was low (17%) and similar to the
low-risk groups (APACHE II 3–24, 19%)
in the PROWESS trial (Table 1, Fig. 1).
When the results from the ADDRESS trial
are analyzed in combination with the
APACHE II subgroups from PROWESS, the
lack of benefit from rhAPC for adult pa-

*See also p. 2266.
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tients with a lower risk of death is con-
vincing (Fig. 1). This lack of benefit in
lower risk patients, however, does not
prospectively confirm the post hoc anal-
ysis indicating that rhAPC would be ben-
eficial in higher risk patients (i.e.,
APACHE II �25). In fact, data from the
ADDRESS trial raise concern about its
efficacy in this group (3).

Although ADDRESS was designed to
test rhAPC in patients with severe sepsis
and a lower risk of death, of the 2,613
patients with 28-day mortality rates re-
corded, 321 had APACHE II scores at en-
rollment �25. Although this latter group
with higher APACHE II scores was possi-
bly too small to show statistically signif-
icant benefit, mortality rates with rhAPC
were actually higher than in patients
given placebo (Fig. 1). Thus, the benefi-
cial effect noted with rhAPC in the
PROWESS trial was not reproduced in
ADDRESS. Furthermore, in the phase II
trial of rhAPC, patients receiving the
same regimen of rhAPC subsequently ap-
proved by the FDA (24 �g/kg/hr for 96
hrs) also showed no benefit (33% mortal-
ity) compared either with overall controls
(34% mortality with 48- or 96-hr placebo
infusions) or with controls receiving
96-hr placebo infusions alone (27% mor-
tality) (Fig. 1) (8). These findings raise
serious questions about the purported
benefit of rhAPC in sepsis. Its efficacy has
not been confirmed in a prospective study
for any population, including patients
with a high-risk of death as originally
defined by the FDA.

Of equal concern, the risk of severe
hemorrhage with rhAPC has been higher in
subsequent trials and clinical practice than
originally determined in PROWESS. Al-
though the ENHANCE trial was uncon-
trolled, the incidence of intracerebral hem-
orrhage in patients was greater than in
PROWESS, even though the two trials em-
ployed similar inclusion and exclusion cri-
teria (Fig. 2) (1, 2). In the placebo-
controlled pediatric trial, the incidence of
intracerebral hemorrhage with rhAPC was
greater compared with placebo alone (Fig.
2) (4). This risk in combination with lack of
efficacy caused early termination of the
trial (4). In ADDRESS, the overall inci-
dence of serious bleeding with rhAPC was
increased significantly over placebo, but
this was not different from PROWESS.
However, 28-day mortality rate in surgical
patients with single organ dysfunction and
presumably at higher risk of hemorrhage
than other patients was increased with
rhAPC (21% of 323) vs. placebo (14% of

Figure 1. The odds ratio of survival (95% confidence interval) for the effects of recombinant human
activated protein C (rhAPC) vs. placebo in the PROWESS, ADDRESS, Pediatric, and phase II trials
based on 28-day survival data. Trials were further categorized based on Acute Physiology and Chronic
Health Evaluation (APACHE) II scores when available. *Data available from interim analysis at the
time of the trial’s termination; **data from the subgroups of patients receiving 96-hr infusions of
rhAPC (24 mg/kg/hr), the regimen studied in later trials, or 96 hrs of placebo. Overall in the phase II
trial, which tested seven different rhAPC regimens, 14 of 41 placebo and 26 of 90 rhAPC patients died.

Figure 2. The incidence of intracerebral hemorrhage during drug infusion or at 28 days in the
PROWESS (phase III), ENHANCE (uncontrolled), or Pediatric (placebo controlled) trials in patients
receiving recombinant human activated protein C (APC) or placebo (control).*Similar inclusion and
exclusion criteria as PROWESS; **Not done.

Table 1. Mortality rate (28 day) in the ADDRESS and Pediatric Trials Testing rhAPC

Trial

Mortality Rate (No. of Patients Studied)

Placebo, % rhAPC, %

ADDRESS (3) 17.0 (1307) 18.5 (1333)
Pediatric (4) 18.0 (198) 17.0 (201)

ADDRESS, Administration of Drotrecogin Alfa (Activated) During Early Severe Sepsis Trial.
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313) (9). Based on this finding in ADDRESS
and a similar trend in PROWESS, addi-
tional warnings regarding the use of rhAPC
have been published (9). Last, in two med-
ical utilization evaluations of rhAPC in a
total of 599 patients, the overall rate of
adverse drug reactions, primarily related to
bleeding, and the need to discontinue drug
infusion due to adverse drug reactions were
both higher during clinical use than in
PROWESS (18.0 vs. 12.5% and 10.4 vs.
6.4%, respectively) (10, 11).

Questions about consistency of benefit
and risk of hemorrhage arising from the
PROWESS trial and other data led ten of
20 members of the FDA Advisory Com-
mittee for Anti-Infectives to vote for ad-
ditional phase III testing before FDA ap-
proval of rhAPC (12, 13). The data from
randomized trials subsequent to PROW-
ESS have raised additional concerns.
Comparing all patients (n 
 2,399) who
received rhAPC using the currently ap-
proved regimen to their concurrent con-
trols (n 
 2,359), only two subgroups
from the PROWESS trial have shown
clear benefit (the two highest APACHE II
quartiles) (Fig. 1). These two PROWESS
subgroups included only 414 patients re-
ceiving rhAPC (i.e., 17% of all patients
receiving rhAPC in controlled trials). At
least one prospective randomized con-
trolled trial should be conducted to con-
firm that rhAPC is effective in those pa-
tients with sepsis for whom it is currently
recommended. This is especially impor-
tant in light of rhAPCs increased hemor-
rhagic risk and lack of benefit in low-risk
patients and its inconsistent effects in

two randomized controlled clinical trials
that have included higher risk patients
(i.e., PROWESS and ADDRESS).
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Drotrecogin alfa (activated) treatment in severe sepsis: A “journal
club” review of the global ENHANCE trial*

T his editorial is structured and
formatted as a journal club re-
view and report. I used a typical
review template for a therapeu-

tic trial, commonly employed by students
of evidence-based medicine everywhere. I

reviewed “Drotrecogin Alfa (Activated)
Treatment in Severe Sepsis From the
Global Open-Label Trial ENHANCE: Fur-
ther Evidence for Survival and Safety and
Implications for Early Treatment” by Dr.
Vincent and colleagues (1), found in this
issue of Critical Care Medicine.

a. Primary Study Question: In patients
with severe sepsis, does drotrecogin alfa
(activated) treatment lower 28-day all-
cause mortality?

b. Secondary Study Question: What
was the rate of serious adverse bleeding

events during the 96-hr infusion period
and for the 28-day study duration?

How Was the Study
Conducted?

1. Study Type: Therapy or prevention.
2. Study Design: Multi-institutional,

single arm, nonrandomized, open-label
study. This trial was conducted as an FDA
phase III-b trial intended to expand the
clinical safety and efficacy knowledge
base for an already approved drug. The

*See also p. 2266.
Key Words: drotrecogin alfa (activated); ENHANCE

trial; bleeding
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study design did not include a control or
placebo arm. Treatment data from this
trial were statistically compared with the
previously published placebo and treat-
ment arms of the PROWESS study (a
separate trial). This comparison was a
fundamental component of the clinical
safety and efficacy analysis of the Global
ENHANCE trial.

3. Study Funding Source: Eli Lilly and
Company funded this study.

4. Conflict of Interest and Financial
Disclosure: Drs. Vincent, Bernard, Beale,
Doig, Putensen, Dhainaut, Artigas and
Fumagalli have participated as investiga-
tors in Eli Lilly and Co. sponsored clinical
trials. Drs. Vincent, Bernard, Beale, Doig,
Putensen, and Dhainaut have served as
consultants for Eli Lilly and Co. Drs. Vin-
cent, Bernard, Beale and Dhainaut have
been invited speakers at conferences sup-
ported by Eli Lilly and Co. Drs. Macias,
Wright, Wong, Sundin, and Janes and
RN/MSc Turlo are employees and stock-
holders of Eli Lilly and Co.

5. Enrolled Patients: Enrolled patients
included adults admitted to an intensive
care unit at a participating institution
who a) had known or suspected infection;
b) met at least three of the four defining
criteria for systemic inflammatory re-
sponse syndrome; and c) had evidence of
one or more sepsis-induced organ dys-
functions at the time of study enroll-
ment.

6. Excluded Patients: Patients were ex-
cluded a) if their age was �18 yrs; b) if a
patient was pregnant or breast feeding; c)
if other conditions were present that in-
creased the risk of bleeding; d) if a patient
had a known hypercoagulable condition;
e) if patient demise was likely; f) if a
patient had HIV; g) if a patient was an
organ transplant recipient; h) for chronic
renal failure requiring dialysis; i) for end-
stage liver disease; or j) for concurrent or
recent administration of heparinoids,
warfarin, thrombolytic therapy, glycopro-
tein IIb/IIIa antagonists, or antithrombin
III dosing.

Are the Results of the Study
Valid?

What was the validity and accuracy of
the results? Do the results reported in the
article represent the true direction and
magnitude of the treatment effect?

Was the Assignment of Patients to
Treatments Randomized? No. All en-
rolled patients who met study entry cri-
teria were administered drotrecogin alfa.

Were All Enrolled Patients Properly
Accounted for by the Trial Design and
Data Analysis? Yes. Data tracking and
analysis included all enrolled patients.
Follow-up and data collection were per-
formed for all patients according to an
institutional review board approved study
design.

Were Patients Analyzed in the Groups
to Which They Were Randomized? Yes
and No. No randomization techniques
were employed in this trial. All patients
who received treatment during this trial
(Global ENHANCE) were compared with
a nontreatment group from a different/
separate trial (PROWESS) (2). These two
trials included overlapping institutions
and intensive care units; however, there
were several or more institutions and in-
tensive care units that were involved in
only one or the other of these two trials
(3). These two trials were conducted with
nonoverlapping timelines. A single study
center was identified and used for all data
management and analysis.

Were Patients, Care Providers, and
Study Personnel “Blind” to Patients Who
Received The Study Drug? No. This study
was conducted as a single arm, open-label
study.

Were the Groups Similar at the Initi-
ation of the Trial? Yes. Treatment pa-
tients from the Global ENHANCE trial
and nontreatment patients from the
PROWESS trial were acceptably matched
for age, gender, variables related to infec-
tion, severity of illness, and organ system
dysfunction.

In Other Aspects of Their Care, Did
Patients From Both Treatment and Non-
treatment Groups Receive the Same Di-
agnostic and Therapeutic Interventions?
Unknown. To the extent inferred by the
authors of both trials (Global ENHANCE
and PROWESS), other aspects of sepsis
and intensive care were consistent be-
tween trials. Neither study protocol em-
ployed a standardized approach to the use
of fluids, antibiotic selection, vasopressor
therapy, or mechanical ventilation. Vari-
ability of diagnosis and treatment was not
reported for either study.

What Were the Study Results?

What is the size and precision of the
treatment effect?

What Is the Measurable Treatment Ef-
fect? A total of 2,378 patients from the
Global ENHANCE trial received drotreco-
gin alfa and were statistically compared

with 840 placebo patients and 850 treat-
ment patients from the previously re-
ported PROWESS trial. The primary out-
come variable for the Global ENHANCE
trial was 28-day all-cause mortality. The
secondary outcome variable was rate of
serious adverse bleeding events. Both of
these were expressed as dichotomous
(yes/no) variables—that is, did the pa-
tient die or did the patient have a serious
adverse bleeding event? These are ex-
pressed as a percent of the total and sub-
set study populations.

For the ENHANCE patients, I calcu-
lated basic comparative mortality statis-
tics as follows:

risk of death without therapy (X) �
Not measured; use PROWESS trial
data?

risk of death with therapy (Y) � 599/
2375 � 0.252

extrapolated absolute risk reduction
(ARR � X � Y) � 0.308 � 0.252 �
0.056

extrapolated relative risk (Y/X) �
0.252/0.308 � 0.818

extrapolated relative risk reduction
(RRR � [1 � Y/X] � 100) � [1 �
0.818] � 100 � 18.2%

extrapolated number needed to treat
(NNT � 1/ARR) � 1/0.056 
 18 pa-
tients

For the PROWESS patients, I calcu-
lated basic comparative mortality statis-
tics as follows:

risk of death without therapy (X) �
259/840 � 0.308

risk of death with therapy (Y) � 210/
850 � 0.247

absolute risk reduction (ARR � X � Y)
� 0.308 � 0.247 � 0.061

relative risk (Y/X) � 0.247/0.308 �
0.802

relative risk reduction (RRR � [1 �
Y/X] � 100) � [1 � 0.802] � 100 �
19.8%

number needed to treat (NNT �
1/ARR) � 1/0.061 
 16 patients

For the ENHANCE patients, I calcu-
lated serious adverse bleeding events sta-
tistics as follows:

risk of bleeding without therapy (X) �
Not measured; use PROWESS trial
data?

risk of bleeding with therapy (Y) �
208/2378 � 0.087
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extrapolated absolute risk increase
(ARI � Y � X) � 0.087 � 0.023 �
0.064

extrapolated relative risk (X/Y) �
0.023/0.087 � 0.264

extrapolated relative risk increase (RRI
� [1 � X/Y] � 100) � [1 � 0.264] �
100 � 73.6%

extrapolated number needed to treat in
order to see a patient with a significant
adverse bleeding event � (NNT �
1/ARI) � 1/0.064 
 16 patients

For the PROWESS patients, I calcu-
lated serious adverse bleeding events sta-
tistics as follows:

risk of bleeding without therapy (X) �
19/840 � 0.023

risk of bleeding with therapy (Y) �
34/850 � 0.040

absolute risk increase (ARI � Y � X) �
0.040 � 0.023 � 0.017

relative risk (X/Y) � 0.023/0.040 �
0.575

relative risk increase (RRI � [1 � X/Y]
� 100) � [1 � 0.575] � 100 � 42.5%

number needed to treat in order to see
a patient with significant adverse
bleeding event � (NNT � 1/ARI) �
1/0.017 
 59 patients

How Precise Was the Estimate of
Treatment Effect? Those confidence in-
tervals that are reported are acceptably
narrow, are reassuring, and are consis-
tent with the large sample sizes included
in the PROWESS and Global ENHANCE
trials (Table 1). However, the predomi-
nant “results section” focus on this arti-
cle targets the reliability of comparison
between these two trials. You can neither

impute nor determine the impact of
treatment without importing data from
the PROWESS trial. For example, basic
comparisons of treatment effect on mor-
tality and relative risk reductions, like the
simple calculation of treatment vs. pla-
cebo p values, cannot be accomplished
because the available data are insuffi-
cient.

Will the Results Help Me in
Caring for My Patients?

Are the study results applicable to my
patients? Are my patients similar to those
described in the trial? Is the described
study outcome that is improved relevant
to my patients? If the results are applica-
ble, then what is the net impact of treat-
ment?

Can These Results Be Applied to My
Patient Care? Drotrecogin alfa is already
approved for use in patients with severe
sepsis. This article expands the reported
population of intensive care unit patients
who have received drotrecogin alfa and
who have had their mortality and rate of
serious adverse bleeding events measured
and published. In this regard, these results
can be viewed as “favorable.” These data
also seek to support the contention that
drotrecogin alfa treatment administered
earlier in the clinical course of severe sepsis
may improve outcome (Table 1). However,
because this was conducted as a therapeu-
tic trial, but was not accomplished accord-
ing to a randomized protocol, there are
explicit limitations. By itself, this trial can-
not define the therapeutic impact of the
drug. This weakness is acknowledged
within the discussion section of the article
and is underscored by efforts to mix and
match data from separate but similar clin-

ical trials. As the authors noted, a random-
ized trial design would have been otherwise
preferred. However, they believed that con-
ducting another drotrecogin alfa random-
ized trial with a placebo arm (patient as-
signment by chance), in light of their
results from the PROWESS trial, would
have been a serious ethical breach. This
perspective is not unique to this trial; Deeks
and colleagues (6) eloquently described the
ongoing debate in therapeutic trial design.
Similarly, Rubenfeld (9) acknowledged the
fluid interface between treatment prefer-
ence and data interpretation.

Were All Clinically Important Out-
comes Considered? First, following the
PROWESS trial, one of the central con-
cerns articulated related to increased risk
of serious bleeding. Reporting the overall
rate of serious adverse bleeding events in
the PROWESS trial did not comprehen-
sively address these questions. Most re-
cently, the pediatric drotrecogin alfa trial
also raised concerns about increased risk of
bleeding. I believe that these issues might
have been better clarified by tabulating and
reporting the appropriate laboratory stud-
ies longitudinally (at baseline, during infu-
sion, and postinfusion). More specifically,
was the administration of drotrecogin alfa
associated with the development of throm-
bocytopenia, a decrement in hemoglobin or
hematocrit, or a perturbation in baseline
coagulation variables (beyond that attribut-
able to activated protein C administration)?
For the Global ENHANCE trial, it would
have been reassuring to many to have in-
cluded these data and their analyses in this
article.

Second, improving outcome for pa-
tients with severe sepsis encompasses nu-
merous aspects of care. Examples include
prompt initiation of appropriate antibiotic
therapy, prompt volume resuscitation,
maintaining “tight” plasma glucose con-
trol, appropriate ventilator management in
septic patients with ARDS, and proper
avoidance of secondary complications like
deep vein thrombosis, gastrointestinal
stress ulceration, ventilator-acquired pneu-
monia, and so forth. Given the large num-
ber and type of institutions involved in the
Global ENHANCE trial, it is reasonable to
consider the potential impact of care vari-
ability among these other aspects of severe
sepsis patient management. By design, the
Global ENHANCE trial did not protocolize
these aspects of care, nor did the investiga-
tors specifically report their potential effect.
Whether these possible variances affected
observed results is unknown but remains
open to question.

Table 1. Clinical significance

Clinical Significance Measure
Value, %

(n)
Lower 95%

CI Boundary
Upper 95%

CI Boundary

Global ENHANCE cumulative 28-day mortality 25.2 (599) 23.5 27.1
Mortality ARRa 5.6 — —
Mortality RRRa 18.2 — —
Mortality NNTa 18 patients — —
Global ENHANCE cumulative 28-day bleeding

incidenceb
6.5 (155) 5.6 7.6

Global ENHANCE bleeding incidence ICH—total 1.5 (35) 1.0 2.0
Global ENHANCE bleeding incidence ICH—fatal 0.5 (12) 0.3 0.9
Bleeding ARIa 6.4 — —
Bleeding RRIa 73.6 — —
Bleeding complication NNT1 16 patients — —

CI, confidence interval; ARR, RRR, NNT; ICH, intracranial hemorrhage; ARI, RRI.
aThese numbers are my calculations and were not reported in the study; bthere were six patients

with two bleeding incidents tallied once by the authors.
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Are the Likely Treatment Benefits
Worth the Potential Harm and Costs?
For the Global ENHANCE trial, the ex-
trapolated NNT to save one life is 18 pa-
tients, compared with the placebo arm of
the PROWESS trial. The extrapolated
NNT to see one serious adverse bleeding
event is 16 patients. A detailed analysis of
these events, their associated morbidity,
or their costs was not offered by the in-
vestigators. However, the estimated NNT
to see one fatal intracranial hemorrhage,
as derived from the reported data, is ap-
proximately 1 per 250 patients treated.
No other complications were tallied by
the authors, and they specifically com-
mented that bleeding was the only ad-
verse event related to treatment with dro-
trecogin alfa.

A Final Comment

Severe sepsis is a complex and frus-
trating condition that is associated with
an unacceptably high mortality rate. The
modulation of deleterious cellular and
subcellular responses in sepsis has been a
therapeutic goal of the astute critical care
clinician for a very, very long time. Along

this path, we have navigated around
many negative therapeutic trials.

For this article, the most important
unanswered question is, How big does
the treatment effect of a nonrandomized
study design (like ENHANCE) have to be
before it compellingly alters the thera-
peutic opinions of clinicians (4, 5, 8)?
Many of our finest and most industrious
intellects in critical care scientifically
support drotrecogin alfa as a life-saving
therapy. I study and learn from these
individuals as a respectful student (7).
Conversely, numerous equally respected
critical care scientists have energetically
called into question the PROWESS and
some other drotrecogin alfa trials. They
too should be accorded a constructive
voice in advancing the science of sepsis
therapy. It is my concern that the design
and the results from the Global EN-
HANCE trial will do little to merge these
disparate perspectives.

J. Christopher Farmer, MD
Mayo Clinic College of Medicine
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Exogenous surfactant in acute lung injury: No longer a question?*

A number of conditions, such
as pneumonia, sepsis, and
trauma, may result in respira-
tory failure and contribute to

multiple organ failure or even death. One
specific interest has been focused on the
role of the surfactant system in these
settings (1). Pulmonary surfactant is a
complex of highly active phospholipids
and proteins, synthesized in alveolar type
II pneumocytes, stored in the lamellar
bodies, and secreted into the alveolar
space, where it undergoes various
changes (2). The central function of sur-
factant is to reduce surface tension at the
air-liquid interface of the lung according
to Laplace’s law: �p � 2 
/r, where p

represents the pressure gradient across
the alveolus (tendency for the alveolus to
collapse), 
 the surface tension value, and
r the radius of the alveolus. A high sur-
face tension that does not change during
exhalation (when r typically decreases)
results in increased transalveolar pres-
sure, thereby contributing to alveolar
collapse and/or pulmonary edema forma-
tion secondary to hydrostatic pressure
changes across the alveolar-capillary bar-
rier (3). It is commonly accepted that
abnormalities of surfactant play a major
role in the pathophysiology of acute re-
spiratory distress syndrome (ARDS) not
only in the acutely inflamed mature lung
but also in the immature lung (4). The
pathophysiologic changes in this syn-
drome (e.g., injured alveolar type II cells,
disturbed surfactant production), in turn,
may foster the pathogenesis of surfactant
dysfunction, thereby leading into a vi-
cious cycle.

The rationale to administer exogenous
surfactant in patients with acute lung in-

jury (ALI) or ARDS is, therefore, to re-
store the normal composition of the sur-
factant system and to overcome ongoing
inactivation of endogenous surfactant
(5). Although administration of surfac-
tant may theoretically reestablish an
equilibrium of the surfactant system and
subsequently improve pulmonary func-
tion, such approach is not inevitably ef-
fective. In contrast to successful studies
in neonates, infants, and children (6, 7),
surfactant replenishment has proven in-
consistent as a therapeutic modality in
adults with respiratory failure (3).

The reason for the clinical equipoise
with exogenous surfactant therapy is still
not fully understood and may be ex-
plained by differences in the nature of the
injury at the time of treatment; the spe-
cific composition of the surfactant used;
the timing, dose, and delivery method
chosen; and the mode of ventilation used
during and following surfactant adminis-
tration (3). Because numerous factors ap-
pear to have a significant impact on the

*See also p. 2286.
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outcome of patients with respiratory fail-
ure, surfactant replacement therapy re-
mains a clinical challenge.

In the current issue of Critical Care
Medicine, Dr. Strohmaier and colleagues
(8) present the results of an interesting
and timely study elucidating the effects of
Curosurf, a natural, protein-containing
surfactant derived from porcine lung tis-
sue, on pulmonary function in an estab-
lished pig model of ALI. The authors re-
port that unilateral lung contusion,
resulting from a bolt shot, contributed to
rapid and significant decreases in PaO2/
FIO2 ratio and pulmonary compliance
that were accompanied by an increase in
peak inspiratory airway pressure. In the
animals randomized to receive a bilateral,
sequential, and segmental surfactant la-
vage (25 mg/kg in 5 mL/kg normal sa-
line), the changes in PaO2/FIO2 ratio and
compliance were reversed and the in-
crease in peak inspiratory airway pressure
was attenuated. Compared with injured
controls, surfactant administration also
reduced mean pulmonary artery pressure
and pulmonary vascular resistance,
thereby reducing the workload of the
right ventricle.

In view of the published studies on
this topic, although limited in extent, it is
tempting to postulate that the discrep-
ancy between negative results of large
clinical trials (9–11) may be basically due
to the mode of surfactant administration
and the dosing schedule. This assump-
tion is supported by experimental studies
showing that therapeutic lavage with di-
luted surfactant was superior over con-
ventional aerosol and bolus therapy with
regard to distribution and need for sur-
factant (12, 13). In this context, it has
also been reported that in patients with
ARDS, only 4.5% of aerosolized radio-
labeled surfactant reached the lungs (14),
thereby providing an explanation why
some clinical studies, using the nebuliza-
tion technique, may have failed.

The approach of bronchoscopic sur-
factant lavage that is described in this
issue of Critical Care Medicine (8) en-
ables the administration of larger vol-
umes of the compound, as was recently
recommended by Anzueto (2). In this
context, it is noteworthy that surfactant
lavage not only allows for a better distri-
bution of surfactant but also facilitates
the removal of alveolar edema protein,
cellular breakdown products, and blood
components, as well as proteolytic and
lipolytic enzymes (8, 12). Because the
greater part of the fluid is removed by

suction or passive drainage, the volume
load after lavage is no higher than after
bolus administration (8). However, al-
though the present authors reported that
the lavage procedure was well tolerated
by all animals, future clinical studies are
needed before a final conclusion about
the efficacy and feasibility of this new
experimental concept can be drawn.

Another interesting finding by the
current authors (8) is the observation
that the pathophysiologic changes in re-
sponse to the trauma were not restricted
to the ipsilateral (injured) lung but were
also present in the contralateral (unin-
jured) one. As such, the unilateral thorax
injury contributed to a bilateral increase
in alveolar neutrophils. Notably, surfac-
tant treatment limited neutrophil accu-
mulation and therewith potentially
harmful side effects linked to the produc-
tion of toxic metabolites and reactive ox-
ygen species. The hypothesis that surfac-
tant exerted anti-inflammatory properties
is supported by the fact that leukocyte
neutral proteinase inhibitor was signifi-
cantly increased in bronchoalveolar la-
vage fluid in the injured lung compared
with the lungs of the sham and control
groups. These results are in full agree-
ment with other studies, in which exog-
enous surfactant inhibited proinflamma-
tory cytokines and augmented the innate
host defense (10, 15). With the recogni-
tion that surfactant also improves muco-
ciliary clearance (16), future clinical
studies are warranted to evaluate the role
of surfactant lavage in subacute pulmo-
nary diseases, such as asthmatic bronchi-
tis, chronic obstructive pulmonary dis-
ease, cystic fibrosis, interstitial lung
disease, and alveolar proteinosis (17).

The bottom line is that the study by
Dr. Strohmaier and his colleagues (8) has
an important recommendation: that sur-
factant treatment should be initiated in
the early phase of lung trauma and
should include not only the injured areas
of the lung but also the unaffected ones.
In fact, the findings of the present study
(8) suggest that early surfactant treat-
ment of the intact lung may be protective
by limiting the spread of proinflamma-
tory mediators from injured to uninjured
tissue. The absence of direct comparisons
between unilateral vs. bilateral treatment
effects, however, renders this interesting
speculation inconclusive.

Inasmuch as experimental studies
suggest that the efficacy of exogenous
surfactant may be further improved by
asymmetric high-frequency jet ventila-

tion (18, 19), future studies, elucidating
this issue in more detail, are warranted.

The study by Dr. Strohmaier and col-
leagues (8) supports the concept that
bronchoalveolar lavage with diluted sur-
factant is a safe and valuable approach to
improve pulmonary function in the com-
mon setting of lung contusion. In agree-
ment with the results of a recent clinical
trial, in which intratracheal instillation of
natural lung surfactant (calfactant)
acutely improved oxygenation and signif-
icantly reduced mortality rate compared
with the placebo group (6), exogenous
surfactant emerges as an interesting ad-
dition to the intensive care armamentar-
ium. Since there is little doubt that sur-
factant has the potential to improve
pulmonary function in the setting of ALI
and ARDS, the question that remains to
be answered is, therefore, not whether to
administer surfactant but rather when,
which one, and how (much).

Martin Westphal, MD
Department of Anesthesiology and

Intensive Care
University of Muenster
Muenster, Germany

Daniel L. Traber, PhD
Department of Anesthesiology
Investigational Intensive Care Unit
University of Texas Medical Branch
Galveston, TX
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�-blockade during sepsis: Inspired or insane?*

I n an interesting article published
in this issue of Critical Care
Medicine, Dr. Suzuki and col-
leagues (1) challenge us to think

outside of the box in treatment of exper-
imental sepsis. They demonstrate that
the selective blockade of 	-1 receptors is
actually good for rats subjected to Dr.
Chaudry’s model of cecal ligation and
puncture (CCLP) (2, 3). I probably would
not have bet that this would be the case.
They demonstrated that esmolol infusion
after CCLP (clinically relevant timing in a
clinically relevant model) decreased tu-
mor necrosis factor-� levels and im-
proved cardiac output and cardiac effi-
ciency. Brilliant—and it makes sense
when examined in the context of what we
have learned about the benefits of 	-re-
ceptor blockade in burn shock (4, 5) and
cardiogenic shock (6–9). If shock, and
specifically shock caused by CCLP, is the
“rude unhinging of the machinery of life”
characterized by disrupted cellular oxy-
gen consumption capabilities, perhaps
driving more oxygen to the tissues is not
the answer—the cells want it, but they

cannot take it, so maybe we need to quit
killing the heart in our noble attempts to
coerce the cell to consume what it needs
but is unable to use. Perhaps we should
look at the other side. Perhaps we should
help the tissues need less oxygen. Septic
shock from CCLP drives myocardial oxy-
gen requirements through the roof. In an
environment where the cardiomyocyte
handles oxygen less efficiently and needs
more of it, it makes sense to cut the heart
a break. However, at some level, there
must be a critical inflection point where
the attempt to decrease cardiac work
leads to a decrease in cardiac output be-
low the level needed to meet the de-
creased oxygen uptake of the tissues. As
we are caring, compassionate physicians
and clinically oriented scientists, pushing
oxygen delivery to the point of flow-
independent oxygen consumption makes
our hearts feel good (10), but how does
the patient’s heart feel? Furthermore, it
is possible that decreased tumor necrosis
factor-� (as shown by the authors to be a
bonus feature of 	-receptor blockade) is
actually good for other tissues as well.
Decreasing tumor necrosis factor-� may
decrease the oxygen required to maintain
cellular homeostasis (11). However, some
obvious questions remain. Patients are
complicated; will this be yet another en-
couraging treatment of experimental sep-
sis that disappoints us clinically? What
are the mechanisms of the anti-inflam-
matory effects of esmolol in CCLP, myo-
cardial infarction, hypoxia, trauma-
hemorrhage, and burn trauma? This

study was conducted in male animals:
Will a similar benefit be observed in fe-
males, who possess a different myocardial
inflammation profile (12–14)? In this re-
gard, the most important things that this
editorial can accomplish are two-fold: a)
It can draw the reader’s attention to this
potentially clinically important article by
Dr. Suzuki and colleagues (1); and b) it
can point out Herndon and colleagues’
earth-shattering related work in burn
shock (5). I point out their work here
because a) I think it changed the way we
think about shock resuscitation forever;
b) it was conducted in patients; c) there
are obvious parallels with the current ar-
ticle; and d) in an honest oversight it was
not discussed by Dr. Suzuki and col-
leagues (12). Rather than go on about
myocardial inflammation, I will direct
the reader’s attention to the article by Dr.
Suzuki and colleagues (12). 	-blockade
in sepsis: inspired or insane? The idea is
definitely inspired! But will it work in
patients? I think that it is too early to try,
outside of an Institutional Review Board
approved study setting.

Daniel R. Meldrum, MD
Department of Surgery
Department of Cellular and
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Center for Immunobiology
Indiana Center for Vascular

Biology and Medicine
Indiana University School of

Medicine
Indianapolis, IN
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Cardiac high-risk patients: From “permissive” to “deliberate”
anemia*

Although safer than ever, alloge-
neic blood transfusion is still as-
sociated with risks for the recip-
ient: transfusion of ABO

incompatible blood (“clerical error”), bac-
terial and viral infection, immunosuppres-
sion, wound infection, transfusion-related
acute lung injury (1–3). Furthermore, the
costs for allogeneic blood products are ex-
pected to rise in the future due to an in-
creasing imbalance between blood donors
and potential transfusion recipients—
particularly elderly patients undergoing
major surgery (1).

To further reduce the risks and to con-
trol costs, allogeneic transfusion should
whenever possible be completely avoided
or at least minimized during surgical
procedures. To realize this, multimodal
concepts (4) have been developed aiming
at “bloodless surgery” by a) intraoperative
transfusion of autologous blood collected
preoperatively (autologous blood dona-
tion, acute normovolemic hemodilution)

or intraoperatively (blood salvage); b) re-
duction of the amount of blood lost (skill-
ful surgical technique, permissive hypo-
tension, administration of antifibrinolytic
drugs); and c) “permissive anemia,” that
is, the tolerance of low perioperative he-
moglobin (Hb) concentrations.

The concept of perioperative permis-
sive anemia comprehends that an intra-
operative blood loss is not immediately
compensated with red blood cell transfu-
sion, but that the shed blood is first re-
placed by red cell-free solutions, that is,
crystalloid (3:1) and colloid (1:1) infusion
solutions. This procedure is intended to
maintain a normal circulating intravas-
cular volume (normovolemia); at the
same time the dilution of all circulating
blood components is tolerated (hemodi-
lution).

It has been known for long that the
human body does not depend on a “nor-
mal” Hb concentration. In healthy anes-
thetized subjects, dilutional anemia over
a large Hb range is fully compensated for
by the increase of cardiac output and
tissue oxygen extraction. Total body oxy-
gen supply dependency and manifest tis-
sue hypoxia occur only at extremely low
Hb concentrations (�5 g/dL).

During normovolemic hemodilution,
the heart becomes at the same time the
“motor” for the compensation of dilu-

tional anemia (increase of cardiac output)
and the organ at highest risk for anemic
tissue hypoxia. Since myocardial oxygen
extraction is almost complete under
physiologic conditions, myocardial oxy-
gen supply depends exclusively on the
enhancement of coronary blood flow (i.e.,
on maximal coronary vasodilation). This
mechanism is either impossible or at
least restrained in the presence of coro-
nary artery disease. In case of under-
shooting a critical myocardial oxygen
supply, myocardial oxygen demand is
no longer satisfied and cardiac output
starts to fall. In the presence of coro-
nary artery disease and thus restricted
coronary reserve, the cardiac compen-
satory mechanisms of dilutional anemia
should become exhausted at higher Hb
concentrations, and anemia tolerance
should therefore be significantly re-
stricted.

Today, moderate perioperative anemia
(i.e., Hb 8–10 g/dL) is considered safe in
cardiac high-risk patients. Presuming
that normovolemia is maintained, the
cardiac compensatory mechanisms are
still preserved—even under medication
with 	-receptor blocking agents (5, 6).
Although results of a retrospective obser-
vational analysis of 78,974 elderly pa-
tients admitted with acute myocardial in-
farction in the United States suggested a

*See also p. 2302.
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significantly reduced 30-day mortality rate
when transfusion was initiated at a hemat-
ocrit of 33% and lower Hb (i.e., �11 g/dL)
(7), a recent report in 24,112 patients suf-
fering from acute coronary syndrome
showed no impact of transfusion on sur-
vival when nadir hematocrit values were in
the range of 20–25% (i.e., Hb 7–8 g/dL)
but clearly revealed worsened outcome
when hematocrit values were �30% (i.e.,
Hb 10 g/dL) (8). In a retrospective cohort
analysis of cardiac risk patients undergoing
noncardiac surgery and refusing allogeneic
transfusion for religious reasons (affiliation
with Jehovah’s Witnesses), a significantly
higher 30-day mortality was found if the
postoperative Hb concentration fell below 8
g/dL (9). In intensive care patients with
cardiac comorbidity, 30-day mortality was
identical with either restrictive (target Hb
7–9 g/dL) or liberal (target Hb 10–12 g/dL)
transfusion strategy (10). This held also
true for a subgroup of 257 patients with
severe ischemic heart disease (myocardial
infarction, unstable angina) (11).

Intraoperative permissive anemia offers
several incentives for the patient: a) The
lower the Hb-concentration, the less the
red cell loss per milliliter of blood loss; and
b) the more delayed the onset of transfu-
sion (at best after achievement of surgical
control of bleeding), the higher the per-
centage of red cells transfused remaining
inside the vascular system. By that, periop-
erative permissive anemia should contrib-
ute essentially to the perioperative avoid-
ance of allogeneic transfusion.

In the current issue of Critical Care
Medicine, Dr. Licker and coworkers (12)
present another important finding in favor
of permissive anemia in cardiac high-risk
patients. In their rat model, both myocar-
dial infarct size and mortality observed af-
ter a 30-min left coronary artery occlusion
and subsequent 48 hrs of reperfusion were
significantly reduced when the animals

were previously hemodiluted to a Hb con-
centration of 8–9 g/dL. Although the un-
derlying mechanisms remain speculative
(increased microvascular blood flow homo-
geneity, cytoprotective effect of erythropoi-
etin) and although it is difficult to com-
pare the coronary vasculature of
healthy rats to the globally affected cor-
onary system of coronary artery disease
patients, the potential clinical impact of
these findings is nevertheless evident:
Pharmacologic thrombolysis as well as
endovascular (percutaneous translumi-
nal angioplasty) and surgical (coronary
artery bypass grafting) coronary revas-
cularization might be better tolerated
in hemodiluted subjects than in sub-
jects with normal Hb concentrations.

Moderate permissive anemia (Hb 8–10
g/dL) not only may be considered safe in
cardiac high-risk patients but might even
represent an effective measure to im-
prove the outcome of this patient group
by the reduction or avoidance of transfu-
sion-associated risks and the protection
from ischemia/reperfusion injuries after
revascularization. This might finally lead
to a change of paradigm away from the
sole tolerance of anemia (permissive ane-
mia) in cardiac high-risk patients toward
active induction of normovolemic anemia
(deliberate anemia) in well-defined clini-
cal situations. The latter step, of course,
needs further reinforcement by experi-
mental and clinical investigations.

O. Habler, MD
Clinic of Anesthesiology, Intensive

Care and Pain Control
Johann Wolfgang Goethe
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Frankfurt am Main, Germany
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Peroxisome proliferator-activated receptor-� ligands protect
against lung injury: Potential therapeutic targets?*

Acute lung injury that clinically
manifests as acute respiratory
distress syndrome (ARDS) is a
major component of multiple

organ dysfunction syndrome of various
etiologies, such as sepsis, severe burns,
acute pancreatitis, hemorrhagic shock,
and trauma (1, 2). ARDS is the primary
cause of death in these conditions (1, 2).

ARDS of different etiologies is charac-
terized by a local inflammatory response.
The inflammatory mediators also spill
over into the general circulation. The se-
verity of an attack of ARDS appears to be
determined by the magnitude of the re-
sultant systemic inflammatory response.
In general terms, the systemic inflamma-
tory response syndrome (SIRS) is an en-
tirely normal response to injury. Sepsis is
defined as SIRS in which there is an iden-
tifiable focus on infection. Several infec-
tive and noninfective causes of SIRS are
recognized. Systemic leukocyte activa-
tion (cytokine mediated) is a direct con-
sequence of a SIRS and, if excessive, can
lead to organ dysfunction syndrome and
multiple organ failure. As a consequence
of an overactive SIRS response, leuko-
cytes become activated within the general
circulation and some then lodge within
the pulmonary microcirculation. As the
condition develops, leukocytes migrate
into the pulmonary interstitium, and in-
creased endothelial permeability leads to
tissue edema. The leukocytes in the lungs
both respond and contribute to the in-
flammatory process in ARDS (1, 2).

Recent research has shown that in-
flammatory mediators play a key role in

the pathogenesis of ARDS. The major in-
flammatory mediators implicated in
ARDS include tumor necrosis factor-�, in-
terleukin-1	, interleukin-6, interleukin-8,
cytokine-induced neutrophil chemoattrac-
tant/GRO-�, monocyte chemoattractant
protein-1, macrophage inflammatory pro-
tein-1�, regulated upon activating normal
T cell expressed and secreted, platelet acti-
vating factor, interleukin-10, granulocyte-
macrophage colony-stimulating factor,
C5a, intercellular adhesion molecule-1,
Substance P, reactive oxygen species, and
reactive nitrogen species (1, 2), although it
is likely that over the next few years, other
as yet unidentified mediators will be added.
It is therefore reasonable to speculate that
elucidation of the key mediators in acute
lung injury coupled with the discovery of
specific pharmacologic agents would make
it possible to develop clinically effective an-
ti-inflammatory therapy.

In this issue of Critical Care Medicine,
Dr. Liu and colleagues (3) have investi-
gated the effect of treatment of rosiglita-
zone, an agonist of the peroxisome pro-
liferator-activated receptor (PPAR)-
, on
acute lung injury induced by endotoxin
in rats. The authors found a significant
protection against lung injury by pre-
treatment of rats with rosiglitazone. Fur-
thermore, to clearly establish that the
protective effects of rosiglitazone are re-
lated to the activation of the PPAR-
 re-
ceptor, the authors have demonstrated
the reversal of the protective effects of
rosiglitazone by GW9662, a specific an-
tagonist of PPAR-
 (3).

Gaseous mediators, such as nitric ox-
ide (NO) and hydrogen sulfide, have been
shown to play an important role in lung
injury of different etiologies, including
that induced by endotoxin (4–8). Exces-
sive NO release from the inducible NO
synthase has been suggested to play a
crucial role in the development of endo-
toxin-induced acute lung injury (6–8). In
their experiments, Dr. Liu and colleagues
(3) found that the lipopolysaccharide-
induced pulmonary production of NO, in-
ducible NO synthase, messenger RNA,

and protein were significantly attenuated
by rosiglitazone pretreatment. Rosiglita-
zone also inhibited the formation of ni-
trotyrosine, a marker for peroxynitrite re-
activity, in the lung tissue (3). This study,
therefore, provides evidence that the
PPAR-
 agonist rosiglitazone signifi-
cantly reduces endotoxin-induced ALI in
rats.

There has been a lot of interest in
recently in PPAR-
 and its ligands in in-
flammation. For example, rosiglitazone
has previously been shown to reduce car-
rageenan-induced hind paw edema (9),
nonseptic shock induced by zymosan
(10), and bleomycin-induced lung injury
(11). However, in studies including the
present one (3), PPAR-
 ligands have
been protective only when given prophy-
lactically. It would be interesting to see if
these ligands have the same protective
action against lung injury when given
therapeutically, that is, when the disease
has already been induced.
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The dynamic interface between hemodynamic variables and
autonomic tone*

T he hemodynamic manage-
ment of cardiovascular insuf-
ficiency is not a static treat-
ment, but a highly interactive

one, wherein specific resuscitative treat-
ments induce changes in cardiac output,
perfusion pressure, and autonomic tone.
The resultant blood pressure may not re-
flect fundamental physiologic reserve as
much as the associated stress response of
the drug interactions. For example, both
acute myocardial infarction and acute
postoperative surgical bleeding in the
awake patient may present with hyper-
tension, tachycardia, and increased agita-
tion, rather than hypotension and de-
creasing mental status. Furthermore,
venous return, the primary determinant
of cardiac output, is a function of mean
systemic pressure, right atrial pressure,
and the resistance to venous return
through the large venous conduits. Mean
systemic pressure, for its part, is a theo-
retical value at best. It reflects the lump
sum of all the regional blood volumes and
these vascular spaces’ unstressed volume
and stressed volume compliance.

In the evolution of autonomic control,
hypovolemia was the overriding threat to
survival. Whether due to hemorrhage or
dehydration, hypovolemia was and con-
tinues to be the primary cause of death all

animals, including humans. We respond
to all forms of circulatory shock, whether
hemorrhagic, cardiogenic, or septic, as if
we have hypovolemia. Under normal au-
tonomic control, hypovolemia is readily
sensed by right atrial volume receptors
and arterial baroreceptors. The combined
reduced right atrial and aortic wall stress
stimulate increased sympathetic tone.
This induces an orchestrated global car-
diovascular response consisting of in-
creased �-adrenergic receptor stimula-
tion, increased inotropy and heart rate,
plus salt and water retention. The associ-
ated vasoconstriction is distributed un-
evenly throughout the vascular tree.
Those areas with the highest concentra-
tions of �-adrenergic receptors, like the
skin and muscle, constrict more than the
gut and kidney, whereas the heart con-
stricts minimally and the brain not at all.
The increased adrenergic stimulation-
induced increased vasomotor tone causes
both an increase in arterial vasomotor
tone in those vascular trees and an in-
crease in venomotor tone. The increase
in venomotor tone is the essential com-
ponent of the sympathetic response that
is primarily responsible for sustaining ve-
nous return in hypovolemic states and
the increase in arterial vasomotor tone
that sustains systemic blood pressure as
cardiac output decreases. Exogenous va-
sopressors also stimulate the same adren-
ergic receptors and induce similar cardio-
vascular responses as their endogenous
cousins. That is why treatment with va-
sopressors alone in the initial manage-
ment of the hypotensive patient in shock
is not recommended. Even if the cause of
hypotension were hypovolemia, one
would see a transient increase in both
arterial pressure and cardiac output as
venous unstressed volume decreases, ar-

terial tone increases, and venous compli-
ance decreases.

However, almost half of the patients
presenting with acute cardiovascular in-
sufficiency have limited or absent cardiac
responsiveness, such that a fluid chal-
lenge will not increase cardiac output (1).
Patients with acute submassive pulmo-
nary thromboembolism, myocardial in-
farction, progressive end-stage conges-
tive heart failure, and chronic cor
pulmonale may all fall into this category.
Performing a volume challenge in these
patients not only will have no impact on
cardiac output but will also delay starting
definitive therapy and may worsen car-
diac function and gas exchange. Relevant
to this clinical issue, the recent literature
has documented that arterial systolic
pressure, arterial pulse pressure (2), and
left ventricular stroke volume variations
(3, 4) induced by positive-pressure venti-
lation are sensitive and specific markers
of preload-responsiveness. These are re-
ferred to as systolic pressure variation
(SPV) (6), pulse pressure variation (PPV)
(2, 5), and stroke volume variation (SVV)
(3, 7), respectively. PPV and SVV are cal-
culated as the ratio of the difference be-
tween the maximal and minimal pulse
pressure (or stroke volume) over three
consecutive breaths and the mean of the
maximal and minimal pulse pressure (or
stroke volume), usually expressed as a
percentage. Thus, a PPV of 15% would
equal a difference between maximum and
minimum pulse pressures of 6 mm Hg if
the mean pulse pressure were 40 mm Hg.
These sorts of values cannot easily be
estimated from a quick inspection of the
pressure profile over time but require ac-
curate measures and calculations. Impor-
tantly, several studies have demonstrated
that the greater the PPV or SVV, the more
likely the subject is to increase his or her

*See also p. 2339.
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cardiac output in response to a volume
challenge and the greater that increase
will be (2). SPV, otherwise known as
pulse paradoxus, has the advantage of be-
ing easily measured using a sphygmoma-
nometer but does not take into account
the changes in diastolic arterial pressure
that always occur during breathing.
Thus, in head-to-head comparisons, SPV,
although good, always performs less well
than either PPV or SVV in predicting pre-
load-responsiveness (2).

Although the primary determinant of
PPV over three consecutive breaths is
SVV, because aortic impedance and arte-
rial tone cannot change that rapidly (8–
10), over time changes in arterial tone
will alter the relationship between PPV
and SVV. With fluid resuscitation, for ex-
ample, sympathetic tone decreases and
the stress of hypovolemia is reduced.
Thus, for the same stroke volume, both
mean arterial pressure and pulse pressure
will be less. Similarly, arterial tone will
increase during progressive hemorrhage
as sympathetic responses are turned on.
Thus, for the same stroke volume, arte-
rial pulse pressure will be greater. Slama
et al. (7) noted that during progressive
hemorrhage, SVV became more sensitive
than PPV as a marker of preload-respon-
siveness. Presumably, as vasomotor tone
increases, the varying stroke volumes
have a greater impact on arterial pulse
pressure, exaggerating their dynamic
swings during ventilation. If one uses a
threshold value of PPV to identify pre-
load-responsiveness, then one may see
this threshold actually increasing in pro-
portion to the increase in vasomotor.

The impact of exogenous vasopressors
on this dynamic interplay of preload, ve-
nous return, and arterial tone must also

play an important role. Relevant to this
point, Nouira and colleagues (11) report
in this issue of Critical Care Medicine the
impact of norepinephrine on the SPV and
PPV in the setting of acute blood volume
loss in an acute anesthetized canine prep-
aration. They validated the earlier studies
showing that PPV is superior to SPV in
following volume loss during hemorrhage.
More important, however, they demon-
strated that for the same level of graded
hypovolemia norepinephrine infusion, both
SPV and PPV decrease, consistent with a
decrease in unstressed volume despite an
increase in arterial tone. This simple obser-
vation elegantly underscores the dynamic
interactions described here. The authors
correctly caution clinicians in the use of
either SPV or PPV to define volume loss
when exogenous vasopressors therapy is
being used. It would have been interesting
to see if measures of SVV were similarly
affected. Based on the data of Slama et al.
(7) and the theoretical constructs described
here, one would predict that SVV would
hold its discriminatory power better. How-
ever, one must ask, Did norepinephrine ac-
tually reduce the ability of PPV to identify
hypovolemia, or did the norepinephrine al-
ter the cardiovascular balance, such that
for the same level of hypovolemia, norepi-
nephrine increased cardiac output, so that
physiologically speaking there was func-
tionally less hypovolemia to be measured?
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Department of Critical Care

Medicine
University of Pittsburgh

REFERENCES

1. Michard F, Teboul JL: Predicting fluid respon-
siveness in ICU patients: A critical analysis of
the evidence. Chest 2002; 121:2000–2008

2. Michard F, Boussat S, Chemla D, et al: Relation
between respiratory changes in arterial pulse
pressure and fluid responsiveness in septic pa-
tients with acute circulatory failure. Am J Re-
spir Crit Care Med 2000; 162:134–138

3. Reuter DA, Felbinger TW, Schmidt C, et al:
Stroke volume variation for assessment of car-
diac responsiveness to volume loading in me-
chanically ventilated patients after cardiac sur-
gery. Intensive Care Med 2002; 28:392–398

4. Feissel M, Michard F, Mangin I, et al: Respi-
ratory changes in aortic blood velocity as an
indicator of fluid responsiveness in ventilated
patients with septic shock. Chest 2001; 119:
867–873

5. Rooke GA, Schwid HA, Shapira Y: The effect
of graded hemorrhage and intravascular vol-
ume replacement on systolic pressure varia-
tion in humans during mechanical and spon-
taneous ventilation. Anesth Analg 1995; 80:
925–932

6. Perel A: Assessing fluid responsiveness by the
systolic pressure variation in mechanically
ventilated patients. Systolic pressure varia-
tion as a guide to fluid therapy in patients
with sepsis-induced hypotension. Anesthesi-
ology 1998; 89:1309–1310

7. Slama M, Masson H, Teboul JL, et al: Moni-
toring of respiratory variations of aortic flow
velocity using oesophageal Doppler. Inten-
sive Care Med 2004; 30:1182–1187

8. Romand JA, Shi W, Pinsky MR: Cardiopul-
monary effects of positive pressure ventila-
tion during acute lung injury. Chest 1995;
108:1041–1048

9. Pinsky MR: Instantaneous venous return
curves in an intact canine preparation. J Appl
Physiol 1984; 56:765–771

10. Sylvester JT, Gilbert RD, Traystman RJ, et al:
Effects of hypoxia on the closing pressure of
the canine systemic arterial circulation. Circ
Res 1981; 49:980–987

11. Nouria S, Elatrous S, Dimassi S, et al: Effects
of norepinephrine on static and dynamic pre-
load indicators in experimental hemorrhagic
shock. Crit Care Med 2005; 33:2339–2343

2438 Crit Care Med 2005 Vol. 33, No. 10



Collateral damage: Sepsis-induced gut injury*

I nfection, major surgery, and other
physical or thermal injury can
evoke an extensive inflammatory
response, affecting any organ sys-

tem and resulting in shock and multiple
organ failure. The systemic inflammatory
response syndrome occurs with severe in-
fection of any site and may result from an
exaggerated immune response. Coagulopa-
thy, microvascular thrombosis, neutrophil-
endothelial adherence, and impaired tissue
perfusion cause tissue injury in variable
patterns (1, 2). Heart, lung, kidney, and
liver are the organ systems of greatest con-
cern, and their dysfunctions are measur-
able. These have been the focus of both
clinical and laboratory investigations to
clarify the pathophysiologic mechanisms of
septic shock and tissue injury. Gut is af-
fected probably as often as other organ sys-
tems, but its derangement is neither as
conspicuous nor as readily quantifiable and
is not well characterized.

Gut is often suspected as the source of
systemic infection because of increased
mucosal permeability in systemic illness
and its large microbial population. Its
dysfunction has been attributed to locally
delivered microbial products including li-
popolysaccharide (LPS). Increased perme-
ability, when caused by extraintestinal fac-
tors, facilitates access for bacteria or their
products (3). Bacterial translocation most
likely requires compromise of the gut mu-
cosal barrier since the mesenteric lymph
nodes do not normally permit commensal
bacteria access to the circulation (4). Gut-
derived sepsis has been experimentally rep-
licated in cecal ligation and puncture ani-
mal models. As in human peritonitis and
sepsis, cecal ligation and puncture results
in hemodynamic instability and pulmonary
injury, the first among the extraintestinal
systems affected. The underlying mecha-
nisms include secretion of proinflamma-

tory mediators and neutrophil chemotaxis
with sequestration in the lung (5). Sys-
temic inflammatory response syndrome in
noninfectious conditions develops in the
absence of bacterial products and involves
compromised hemodynamics and a cas-
cade of the mediators of inflammation.

Integrity and homeostasis of the intes-
tinal mucosa require continuous prolifer-
ation and differentiation of the epithelial
cells, which proliferate in crypts, migrate
up the villi, and either die or are shed at
the villus tip. The proliferation rate of
gastrointestinal cells is high, second only
to hematopoietic cells (6, 7). Unlike the
latter, the tissue architecture of the gut
permits quantification and analysis of cel-
lular dynamics. Hypo- and hyperprolif-
erative states are known; cell prolifera-
tion is decreased in starvation and
increased in celiac disease. Enteral nutri-
tion is necessary for maintenance of
bowel homeostasis; there is profound
mucosal atrophy in animals during par-
enteral nutrition (7). Increased apoptosis
and proliferation of enterocytes are seen
in sepsis (8–11). Despite this compensa-
tory change, there may still be a loss of
villus height (11).

In this issue of Critical Care Medicine,
Dr. Husain and colleagues (12), using a
murine model of LPS-induced acute lung
injury, examine enterocyte proliferation
and loss. In contrast to conventional wis-
dom, they report increased apoptosis and
decreased intestinal epithelial proliferation.
Previous studies have shown increased in-
testinal epithelial proliferation in the rat
cecal ligation and puncture model and de-
creased intestinal epithelial proliferation in
a murine pneumonia model (9–11). Assess-
ment of experimental results is further
complicated by different animal species
(rats vs. mice), sites of LPS delivery (sys-
temic vs. lung vs. peritoneum), and even
the use of different enteric epithelial cell
lines in vitro. There is a need to reconcile
the discordant results of different studies.

This study extends the authors’ previous
observations of pneumonia-induced lung
injury to LPS-induced lung injury and re-
sultant changes in the gut (9). It success-
fully documents lung injury following LPS
administration and subsequent gut muco-

sal alterations but does not posit a likely
mechanism for the observed changes in the
gut epithelium. The use of Toll-like recep-
tor (TLR) 4 deficient mice and administra-
tion of anti-tumor necrosis factor (TNF)-�
were well-conceived, but the results are in-
conclusive. The authors state that impuri-
ties in the LPS preparation used may have
resulted in signaling in TLR4-deficient
mice through other TLRs. It is difficult to
assess whether anti-TNF-� neutralized the
circulating TNF-�, since it was not mea-
sured.

LPS activates a variety of cell types
through CD14. Enterocytes lack CD14; LPS
presumably activates them through TLR4.
It induces enterocytes to release several cy-
tokines and chemokines including TNF-�,
interleukin (IL)-6, and IL-8. All three fac-
tors are potent proinflammatory mediators
in the intestinal mucosa; they help recruit
immune competent cells, greatly enhanc-
ing the primary inflammatory reaction.
LPS modulates intestinal epithelial cell
turnover: It inhibits proliferation in human
enterocytes (HIEC cells) but promotes it in
rat epithelial (IEC-6) cells. However, TNF-�
induces apoptosis in both cell lines. Al-
though enterocytes produce IL-6 and IL-8
in large quantities, it is TNF-� that modu-
lates enterocyte turnover. The different
growth patterns observed between human
HIEC and the rat IEC-6 crypt cells may
reflect differing degrees of maturation of
the two cell lines. IEC-6 cells constitutively
express TLR2 and TLR4. LPS down-regu-
lates TLR4 in HIEC cells (13). Because of
chronic exposure to bacterial products in
vivo, TLR2 and TLR4 might be down-
regulated on enterocytes, avoiding a patho-
logic stimulation of the inflammatory reac-
tion (14, 15). Additional factors, such as
IL-13 and CXCL10 (interferon-
-induced
protein [IP-10]), also regulate enterocyte
proliferation (16).

Several endogenously produced sub-
stances, including enteric hormones,
promote enterocyte proliferation. These
include glucagon-like peptide-2, gastrin,
epidermal growth factor, transforming
growth factor-�, and prostaglandins (7).
Evidence suggests that gut mucosal dam-
age, at least in the ischemia-reperfusion
model, is mediated by gut macrophages

*See also p. 2350.
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and their released products and not by
neutrophils; anti-neutrophil provides
limited protection but macrophage deple-
tion reduces gut mucosal damage (17).
Trefoil factors are up-regulated rapidly
following mucosal injury and contribute
to its repair (18).

The pathogenesis of multiple organ in-
jury in infection remains enigmatic with
several mechanisms known to mediate the
patchwork of pathologic processes. An
overexuberant systemic inflammatory re-
sponse to bacteria or their products is per-
haps central to the remote tissue injury in
systemic inflammatory response syndrome.
Tissue damage may also result from hypo-
perfusion with hypoxia due to a deficient
oxygen supply or compromised diffusion or
in ischemia-reperfusion from oxidative
stress. The dynamic relationship of infec-
tion, local tissue, and systemic inflamma-
tory responses varies with the target tissue
examined. It is hoped that further elucida-
tion of the pathogenesis will result in a
unifying concept to facilitate diagnosis and
management of multiple organ failure.
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An old debate joined again: Should we give steroids to all
head-injured patients?*

I n this issue of Critical Care
Medicine, the article by Dr. Cohan
and colleagues (1) is an important
contribution to an old but critical

issue—namely, even if steroids do not
improve neurologic recovery from severe
traumatic brain injury (TBI) per se,
should they initially be given to all

trauma victims because of the risk of
secondary adrenal axis insufficiency? The
study in this issue demonstrates a 53%
rate of adrenal insufficiency in TBI; the
condition was strongly associated with
injury severity and vascular instability
(1). A similar recent study by another
group demonstrated a 15% rate of adre-
nal insufficiency, although they used dif-
ferent patient selection criteria and acute
low-dose corticotrophin stimulation test-
ing (2). Does a short-term trial of steroid
administration in TBI patients make
sense despite the known risks of gastro-
intestinal hemorrhage, systemic infec-
tion, and impaired wound healing? The
issue is complex and the evidence contra-

dictory. My personal perspective is based
on a long and intimate involvement with
the subject.

The brain is a secretory organ, perhaps
the single most important component of
the endocrine system. The limbic system
of the brain, including the hypothalamus,
is not only the highest seat of the human
sexual response but also directly yoked to
peripheral hormonal secretion. More
than 35 yrs ago, Dick Egdahl and I dem-
onstrated that electrical stimulation of
the canine amygdala resulted in periph-
eral elevation of corticosteroid levels (3).
The direct effects of TBI on the brain may
cause a similar increase, as seen in the
acute phase of the present study (1). The

*See also p. 2358.
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brain is not only involved in the stress
response but in moment-by-moment
control of the pituitary-adrenal axis. In
the late 1960s, the now-routine use of
dexamethasone in the postoperative sup-
port of craniotomy patients permitted
them to rapidly awaken from iatrogenic
trauma and revolutionized modern neu-
rosurgery; it was but a short step from
this observation to the general recom-
mendation that steroids be given to all
patients admitted to the hospital with
TBI. Unfortunately, a number of uncon-
trolled clinical trials gave conflicting re-
sults in regard to the efficacy of this pol-
icy; meta-analysis of such studies did not
indicate a benefit of �2%. In a prospec-
tive, randomized trial at the Maryland
Institute of Emergency Medical Services
(Shock Trauma), we were unable to show
that steroid administration improved ei-
ther the survival rate or the functional
status of treated patients (4). The recent
international, multiple-center, random-
ized CRASH trial of short-term methyl-
prednisolone infusion not only demon-
strated no improvement in long-term
outcome but a relative increase in the
risk of mortality during the first 2 wks;
the cause for this could not be identified
(5).

And yet, clinical neuroscientists know
that hypopituitarism is common in sub-
arachnoid hemorrhage and in TBI (6) and
that steroids reduce posttraumatic neuro-
nal degeneration in experimental animals
(7, 8). In addition, the use of methylpred-
nisolone within 8 hrs of traumatic spinal
cord injury has been shown to increase
neurologic outcomes in randomized clini-
cal trials (9, 10). Of not incidental interest
is the fact that a more potent corticosteroid
(dexamethasone) is almost uniformly used
to treat cerebral edema in brain tumor pa-
tients but not in patients with TBI (11)—
just another unexplored variable in a noto-
riously heterogeneous patient population,
the analysis of which is made more difficult
by the imponderable nature of the intracra-
nial insult in most TBI cases, the presence

of associated systemic injuries, the level of
intracranial pressure, the use of adjuvant
therapies, and the variability in surgical and
treatment protocols known to occur be-
tween centers in controlled clinical trials of
diseases with surgical implications.

So the data provided by Dr. Cohan and
colleagues (1) do nothing but reinforce my
old suspicion that the use of corticosteroids
not only may reduce brain swelling/
neuronal injury in a few select cases but
that their use may also be important to
counter the negative effects of TBI on the
stress response to systemic trauma. Even in
the emergency room and in the ICU, I am
not sure that treatment in the first few
hours can await the results of endocrine
testing; I do know that the impetus for
emergency administration of therapeutic
agents at the roadside cannot await the
development of certain types of informa-
tion. In any case, the diagnosis of adrenal
insufficiency may not become apparent for
days, and this alone may frustrate the se-
lective use of steroids in the clinical trial
being planned by Dr. Cohan and colleagues
(1). Long ago, I blithely instructed the neu-
rosurgical residents at the University of
Maryland to ignore the negative evidence of
our own randomized trial (4) and urged
them to support me with steroid medica-
tion should I ever present to our emer-
gency room. Furthermore, I believed then
and believe now that most systemic com-
plications from the use of steroids can be
avoided by rapidly withdrawing them once
a patient’s failure to improve neurologically
clearly identifies him or her as a nonre-
sponder. This usually becomes apparent in
the first 48 hrs, and by then, the laboratory
diagnosis of adrenal insufficiency can be
safely established or excluded.

Michael Salcman, MD
Franklin Square Medical Center
Baltimore, MD
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Aneurysmal subarachnoid hemorrhage and positive end-expiratory
pressure*

T he use of positive end-expira-
tory pressure (PEEP) in neu-
rosurgical patients is fre-
quently essential to prevent

additional neurologic, as well as systemic,
damage. Despite the longstanding ac-
cepted use of PEEP in this patient popu-
lation, it has been difficult to find clean
data that have enabled clinicians to make
reliable predictions regarding the intra-
cranial risks and benefits of the therapeu-
tic application of PEEP in a given patient.
After close to 30 yrs of studying PEEP in
neurosurgical patients, there remains in-
adequate evidence to either support or
refute its use (1–9). In this issue of Crit-
ical Care Medicine, Dr. Muench and col-
leagues (10) have tried to get meaningful
information regarding the effects of
PEEP on the brain by carefully monitor-
ing a group of neurosurgical patients be-
ing treated for aneurysmal subarachnoid
hemorrhage.

Designing an experiment to determine
the effects of PEEP on regional cerebral
blood flow, intracranial pressure, and
brain tissue oxygenation in humans un-
der normal, physiologic conditions is not
realistic because of the need to use inva-
sive intracranial monitors. In an attempt
to deal with this unavoidable experimen-
tal design problem, the authors have used
an animal control. This assumes, of
course, that the pharmacologically para-
lyzed pig with a normal brain and normal
lungs will have intracranial responses to
PEEP equivalent to those of the human.

The objective of this investigation is
“to examine the influence of various
PEEP levels on intracranial pressure,
brain tissue oxygen tension, regional ce-
rebral blood flow, and systemic hemody-
namic variables.” There is no hypothesis;

it is an observational investigation. It ap-
pears that the intent is to understand the
effects of PEEP on the brain under phys-
iologic circumstances; however, the only
subjects in whom monitoring of these
variables is feasible are pathologic neuro-
surgical patients, hence the design to in-
troduce a normal component to the study
using an animal model. Between the sick
human and the normal animal, further
understanding is likely. Certainly, this is
true, but given the absence of a hypoth-
esis, I’m not sure how an experimental
arm using an animal “control” helps the
strength of their findings.

Nonetheless, despite an attempt to
find a creative solution to the unsolvable
experimental problem of invasive intra-
cranial monitoring in normal humans,
the ultimate conclusion of this experi-
ment doesn’t help me understand the ef-
fects of PEEP on the normal brain. How-
ever, the authors have presented new
information on one of the most uniform
neurosurgical patient populations evalu-
ated in the literature relative to PEEP:
aneurysmal subarachnoid hemorrhage
(SAH). Not that this patient population in
and of itself is a uniform group; on the
contrary, there is great diversity among
SAH patients. But, the authors did not
mix this neurosurgical population with
trauma, stroke, hydrocephalus, and/or in-
tracerebral hemorrhage, as has been
done in many other studies whose only
common denominator has been an intra-
cranial monitor (1, 2, 3, 11, 12). I was
unable to find another article describing
the impact of PEEP on all of the physio-
logic variables measured in this study
among an exclusive, uniform patient pop-
ulation with aneurysmal SAH. We know
from previous, large studies of ruptured
aneurysm patients that there can be as
many physiologic differences among
well-matched populations as there are
similarities; however, Dr. Muench and
colleagues (10) have restricted their focus
on this population to an admittedly small
but relatively uniform group, that is,
mostly higher grade, pharmacologically

paralyzed, and ventilated patients with
anterior circulation aneurysms and
Fisher grade 3 hemorrhages.

This particular patient population has
a unique pathophysiologic risk of devel-
oping cerebral vasospasm and, predict-
ably, 60% of their patients were diag-
nosed with spasm by standard
techniques. Although we still know rela-
tively little about the ultimate and prox-
imate cause of cerebral vasospasm, we
know even less about effecting a cure for
this dreaded process. We have, however,
developed useful tools for preventing and
managing spasm, some of which include
hypertension, hypervolemia, hemodilu-
tion, nimodopine, and interventional
techniques. By far, the most effective of
these modalities is the maintenance of
blood pressure.

The results of the study are clear: In-
creasing levels of PEEP caused a decrease
in mean arterial blood pressure (MABP),
and this in turn was associated with a
decrease in regional cerebral blood flow.
Restoring MABP caused regional cerebral
blood flow to normalize, despite persis-
tently elevated PEEP. The decreases in
MABP measured in this investigation
were reduced to a statistically significant
degree, but none of the mean values re-
ported were lower than a MABP of 81, a
value well within the normal range of
autoregulation. Even when the extremes
are calculated from the reported standard
deviations, the lowest MABP reported is
55 mm Hg—clearly low, but not enough
to affect cerebral blood flow significantly
under normal circumstances. Despite
this, these authors documented a consis-
tent and direct relationship between low-
ering MABP and decreasing regional ce-
rebral blood flow. This relationship was
true even for the smaller group of pa-
tients not diagnosed with spasm. Why?
Because higher grade aneurysmal sub-
arachnoid hemorrhage patients have im-
paired cerebrovascular autoregulation
(10, 13).

This important finding is no surprise
to anyone who takes care of these high-

*See also p. 2367.
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grade aneurysmal SAH patients; anything
that lowers MABP is a potential problem.
In this case, it is increasing levels of
PEEP that lower blood pressure.

The authors ask an important ques-
tion: What does PEEP do to the brain?
The answer is that increasing PEEP can
lower MABP. This we know (7, 11). We
also know that lowering MABP in a high-
grade aneurysm patient is potentially
dangerous. This study shows us why.

Alan R. Turtz, MD, FACS
Division of Neurosurgery
Cooper University Hospital
Camden, NJ
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Genetic polymorphisms in acute respiratory distress syndrome:
New approach to an old problem*

Despite apparent progress in
the management of patients
with acute respiratory dis-
tress syndrome (ARDS), the

overall mortality remains high (1, 2). The
heterogeneity of inciting factors in ARDS
has long frustrated efforts to characterize
and classify patients into relevant sub-
groups. In the landmark ARDSnet trial,
which demonstrated the beneficial effects
of limiting tidal volumes during mechan-
ical ventilation in ARDS, the patient pop-
ulation included primary diagnoses of
pneumonia, sepsis, aspiration, trauma,
and multiple transfusions (1). Further-
more, the cellular and humoral immune
responses in humans are subject to poly-
morphic genetic control and may explain
the diverse clinical features of a complex
disorder such as ARDS. The application of

newer molecular biology techniques
should allow characterization of the mo-
lecular phenotype of key lung cells and
structures and enhance our understand-
ing of complex cellular pathways involved
in the pathogenesis of the syndrome.
Candidate genes related to surfactant
production, inflammatory response, en-
docrine pathways (angiotensin-convert-
ing enzyme), and pathogen receptors
(such as toll-like receptors and CD14)
have been linked to susceptibility, sever-
ity, and outcome of multifactorial disor-
ders like ARDS, acute lung injury, and
sepsis (3–8). Table 1 illustrates some re-
cent studies evaluating the association of
gene-based single-nucleotide polymor-
phism with the severity and outcome of
ARDS. Future inquiries directed at the
interplay between the genotype, the clin-
ical environment, and the resulting
ARDS phenotype are essential. In this is-
sue of Critical Care Medicine, Frerking
and colleagues (9) take an important step
in this direction by examining the role of
a single-nucleotide polymorphism in a
pulmonary epithelial cell (Clara cell) in
adults with ARDS.

Clara cells are nonciliated secretory
epithelial cells lining the pulmonary air-
ways, located predominantly in the bron-
chial epithelium. CC16 (also known as
CC10, Clara cell related protein, Clara
cell secretory protein, or uteroglobin),
the main secretory product of Clara cells,
down-regulates synthesis and activity of
interferon gamma and tumor necrosis
factor-� and inhibits interleukin-1	 and
phospholipase A2 (10). Pneumoproteins
such as CC16 have been detected in bron-
choalveolar lavage fluid and can leak into
the vascular system due to increased per-
meability of the alveolar capillary barrier
in acute lung injury/ARDS and ventilator-
induced lung injury. The ability to detect
pneumoproteins in bronchoalveolar la-
vage fluid or blood makes them potential
biomarkers of lung injury and inflamma-
tion (11). The expression of Clara cell
protein is regulated by the CC16 gene
located on chromosome 11q12–13, where
it is in close proximity to other genes
involved in the regulation of the inflam-
matory process. The anti-inflammatory
effects of CC16 make it an attractive pro-
tein to study in the ARDS model, in

*See also p. 2404.
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which inhibition of neutrophil activation
and phospholipase A2 by CC16 are rele-
vant. Jorens et al. (12) found a significant
increase in bronchoalveolar lavage fluid
CC16 levels from patients with acute lung
injury. Geerts et al. (13) have shown that
increased CC16 levels in bronchoalveolar
lavage fluid correlated with decreased
neutrophil-mediated lung damage (de-
creased elastase and increased PaO2/FIO2

ratio) in patients with ARDS. If the func-
tional polymorphism were indeed corre-
lated with the phenotypic expression of
this protein, the characterization of the
genotype would allow us to classify indi-
vidual patients based on their disease sus-
ceptibility and severity and possibly allow
prediction of outcome from ARDS.

Frerking and colleagues (9) studied
the role of the single-nucleotide polymor-
phism CC16 �26G�A (previously known
as A38G), within the gene encoding Clara
cell–specific protein, in adults with
ARDS. Adults with ARDS were recruited
from intensive care units, and genotype
frequencies for the CC16 protein expres-
sion gene in this group (n � 117) were
compared with those from healthy new-
borns (n � 373). Subjects, diagnosed to
have ARDS according to the American
European Consensus Conference guide-
lines, were recruited over a period of 7
yrs. The cohort included patients with a
wide range of inciting causes and an over-

all mortality of 23%. Fluorescent reso-
nance energy transfer probes were ap-
plied to polymerase chain reaction
products obtained with the restriction
fragment length polymorphism method.
The donor probe complementary to the
mutant sequence on the Clara cell 16kd
protein expression gene was used, and
samples were genotyped by the LightCy-
cler system (which allows faster heating
and cooling cycles as compared with a
conventional thermal cycler). A melting-
curve analysis was performed, which al-
lows identification of polymerase chain
reaction products by using melting pro-
files, a specific feature of DNA. The shape
of the curve is related to the sequence,
size, and base pair (GC) content of the
product. Complementary probes labeled
with fluorescent resonance energy trans-
fer dyes hybridize with the mutant se-
quence, and the melting-curve analysis
allows detection of polymerase chain re-
action products by the characteristic
shape of the curve and the distinct melt-
ing points. The authors found no signif-
icant differences in genotype frequencies
(26GG, 26GA, and 26AA) between pa-
tients and controls or between subgroups
of patients with varying causes of ARDS.
The homozygous genotype (26AA) did not
correlate with mortality. This is an im-
portant observation, and the study adds
to existing data on the role of Clara cells

in acute lung injury. Although clear an-
swers are not yet forthcoming, there is a
sound and biologically plausible relation-
ship between the anti-inflammatory
CC16 protein expression and severity of
lung inflammation. The study is well con-
ducted, with recruitment of a typical rep-
resentative ARDS population from two
intensive care units. The use of newborn
screening samples as controls eliminates
the possibility of environmental factors
such as smoking from interfering with
results. The authors have utilized a novel
molecular biology technique to answer
their question in this study.

As is the case with all scientific inquir-
ies, this study was not a perfect one. Can-
didate gene identification in a complex
lung disorder such as ARDS is challeng-
ing due to the heterogeneity of inciting
stimuli and the lack of available linkage
studies. Posttranslational modifications,
environmental factors, and the limita-
tions of conducting robust association
studies in the intensive care unit are
some of the complexities surrounding ge-
notypic investigations of multifactorial
disorders like ARDS. Frerking and col-
leagues (9) found no correlation between
the genotype and the clinical features of
ARDS. However, they did not measure
the levels of CC16 protein in either bron-
choalveolar lavage or serum, information
that would have added to the strength of

Table 1. Genomics and acute respiratory distress syndrome (ARDS): Recent investigations

Authors Gene Polymorphism Phenotype Genotype Cohort Association

Medford et al. (3) VEGF gene T allele �936 CT
polymorphism

Lower levels of VEGF
Associated with development

of ARDS

CT and TT
genotype
frequencies

ARDS (n � 117), control
(n � 137), at risk (n �
103)

Positive

Chan et al. (5) ACE gene D allele ACE I/D
polymorphism

Development of ARDS/ICU
admission after SARS

D allele genotype
frequency

SARS (n � 140), controls
(n � 326)

Negative

Marshall et al.
(4)

Human ACE gene
(DCP1)
chromosome
17q23

I or D of a 287-base
pair intronic
sequence D
allele

Higher ACE levels associated
with development of
ARDS

D allele genotype
frequency

ARDS (n � 96), ventilated
non-ARDS respiratory
failure (n � 88),
coronary artery bypass
patients (n � 174),
controls (n � 1906)

Positive

Ye et al. (6) PBEF gene PBEF promoter
variants, SNPs
(T-1001G and
C-1543T)

Higher PBEF protein levels
associated with sepsis
induced ALI

PEBF gene
expression

BAL: ALI (n � 3),
controls (n � 3);
serum: ALI (n � 8),
controls (n � 8)

Positive

Gong et al. (7) SP-B gene on
short arm of
chromosome 2

SP-B intronic
polymorphism

Proposed association with
decreased SP-B levels;
association between gene
polymorphism and
development of ARDS

SP-B
polymorphism
genotyping

ARDS (n � 72), risk of
ARDS (n � 117)

Positive in
women

Quasney et al. (8) ICAM type 1 gene ICAM-1 G231R Increased levels of ICAM and
increased inflammation;
association between allele
frequency and CAP
complicated by ARDS

ICAM-1 G231R
site detected
using allele-
specific PCR

CAP (n � 289) Negative
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their observations. In addition, the au-
thors did not account for the potential
role of therapeutic interventions such as
corticosteroid administration on gene ex-
pression. The addition of glucocorticoids
to rabbit fetal lung explants has been
shown to induce uteroglobin (CC16) gene
in a dose-dependent manner without af-
fecting total protein synthesis (14). Pa-
tients who may have received steroids
should be excluded to account for this
variable and its potential confounding ef-
fect on the observations. The correlation
between genotype and CC16 protein lev-
els in ARDS remains unclear and is likely
to be complex. This is illustrated by
Hackett et al. (15), who showed that in-
duction of lung injury in rats failed to
increase the Clara cell secretory protein
messenger RNA expression in lungs, de-
spite significant histopathologic changes.
The negative results of the study by
Frerking and colleagues (9) could be a
result of therapeutic and environmental
influences, other posttranslational alter-
ations, timing of sample collection in re-
lation to the lung injury, or a true ab-
sence of correlation between genotype
and clinical features of ARDS. Further-
more, due to the small sample size, the
study is not powered to permit meaning-
ful subgroup comparisons in this study.

On balance, the work by Frerking and
colleagues (9) is a small but important
step. ARDS is a heterogeneous disease
with varying causes and outcomes. There
exist significant gaps in our understand-
ing of the complex cellular and molecular
pathways involved in the response to lung
injury and development of ARDS. The
role of the alveolar and airway epithelium
in modulation of inflammation in lung

injury has recently been recognized.
CC16 protein expression may be associ-
ated with susceptibility, severity, and out-
comes in ARDS. Frerking and colleagues
(9) could not demonstrate this associa-
tion in their analysis. A more robust pa-
tient population focusing on specific sub-
groups or acute lung injury pathogenesis
may bear fruit in the future. Finally, the
role of CC16 genotype frequencies in
ARDS will need to be further elucidated
by studies simultaneously evaluating cor-
relation between genotype, environmen-
tal factors, protein levels, and clinical fea-
tures of the syndrome.

Nilesh M. Mehta, MD
John H. Arnold, MD

Children’s Hospital
Harvard Medical School
Boston, MA
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Controlling antibiotic-resistant bacteria: What’s an intensivist to do?*

Antibiotic-resistant bacteria
have been a concern since the
introduction of antimicrobials
into clinical practice. Current

problem pathogens include methicillin-
resistant Staphylococcus aureus (MRSA),
vancomycin-resistant enterococci (VRE),
and multiple-drug-resistant Gram-nega-
tive bacilli, especially Acinetobacter and
Pseudomonas aeruginosa. In the 1980s,
development of new antimicrobial agents
often trumped concerns about resistance.
But that period of complacency is long
gone, and prevention and control of re-
sistant bacteria have become a major fo-
cus of hospital infection control pro-
grams. Guidance has been provided by
the Centers for Disease Control and Pre-
vention and its Healthcare Infection Con-
trol Practices Advisory Committee; by
professional societies, such as the Society
for Healthcare Epidemiology of America;
and by numerous scientific publications.
These recommendations traditionally fo-
cus on improving asepsis and hand hy-
giene, isolating (or cohorting) infected
and colonized patients, instituting antibi-
otic controls, eliminating any significant
environmental reservoirs, and preventing
(or eliminating) patient carriage of anti-
biotic-resistant strains (1).

In this issue of Critical Care Medicine,
Salgado and colleagues present their rec-
ommendations for prevention and con-
trol of antibiotic-resistant infections in
intensive care patients (2). What are the
important take-home messages for inten-
sivists, based on this review, other guide-
lines, and the extensive literature that
addresses epidemiology and control mea-
sures?

First, frequent lapses in healthcare
worker attention to hand hygiene are
probably a major cause of transmission of
MRSA and VRE in intensive care units

(ICUs) and are especially troubling, given
the ease of use and rapid action of sink-
less alcohol-based hand rubs (3, 4). Use of
these products in hospitals must become
a ritual, virtually religious behavior. Be-
cause the large groups of trainees who
follow senior intensivists on their daily
rounds exhibit classic “imprinting behav-
ior,” it is essential that ICU leaders make
hand hygiene a priority. Alcohol hand rub
dispensers should be on every doorpost of
every patient room, and staff must use
these products when they enter and leave
each room, as if patients’ lives depended
on this behavior. This is particularly im-
portant for physicians because of their
sequential contact with many patients (5)
and in ICUs with high “colonization pres-
sure” (6). Intensivists must ensure that
all ICU staff members are observed and
given direct immediate feedback until
hand hygiene becomes everyone’s ritual
(4).

Second, antimicrobial pressures are
an important driver of resistance, partic-
ularly for Gram-negative bacilli. The po-
tential for worse outcomes for critically
ill patients whose initial empirical ther-
apy is not adequate against infecting
pathogens has led to a mantra that
broader is better. Unit-specific antibio-
grams may be of use in directing empir-
ical therapy, but emerging pathogens,
such as community-acquired MRSA and
multiple-drug-resistant Acinetobacter,
may become major problems between pe-
riodic production of reports. Therefore,
day-to-day attention to resistance is im-
portant. Unfortunately, conventional wis-
dom and common practice are to “never
quit a winning team,” so antibiotic treat-
ment often is not narrowed when bacte-
rial susceptibility results become avail-
able. Intensivists should monitor use of
antimicrobials and provide feedback to
ensure that therapy is focused and even
discontinued (7) as soon as possible. Ro-
tating or cycling antibiotics, to confuse
bacterial pathogens and preempt resis-
tance, remains a tempting but unproven
strategy.

Third, the role of environmental con-
tamination in the spread of nosocomial
pathogens—for years a “nonconcern”—

has resurfaced. Specifically, epidemio-
logic studies have linked the spread of
VRE, Clostridium difficile, Acinetobacter,
MRSA, and Pseudomonas to contami-
nated fomites (8). The surprisingly fre-
quent shuttling of VRE between contam-
inated environmental sites and patients,
via staff members’ hands, helps to explain
how quickly VRE has become a promi-
nent nosocomial pathogen (9). Although
there has been concern about the ability
of environmental disinfectants to remove
nosocomial pathogens, especially VRE,
careful studies have shown that cleaning
failures are largely failures to clean rather
than failures of environmental detergent-
disinfectants (10). To minimize contribu-
tions of environmental contaminants to
the spread of antibiotic-resistant bacteria,
intensivists should insist that the perfor-
mance of ICU cleaning staff is reviewed
routinely.

Fourth, the epidemiologic importance
of the “antibiotic-resistance iceberg”—
the large number of patients with occult
colonization by resistant bacteria—has
been known for 4 decades and has led to
long-standing recommendations to iden-
tify reservoirs of colonized and infected
patients and to isolate these individuals
(1, 11). Most studies that have assessed
the value of detecting resistance icebergs
by surveillance cultures are quasi-
experimental and have included multiple
other interventions, such as heightened
attention to hand hygiene, environmen-
tal cleaning, and antibiotic control. It is
understandable that when faced with an
epidemic resistance problem, hospital ep-
idemiologists attack aggressively (1).
Nevertheless, as a result, we cannot eval-
uate the relative contribution of individ-
ual control measures, and there are con-
flicting data.

In a short-term study in which we
applied a single intervention—daily sur-
veillance cultures for MRSA and suscep-
tible staphylococci, without providing re-
sults to staff—we demonstrated absence
of any cross-transmission among ICU pa-
tients, despite ongoing introduction of
these pathogens (12), which suggests
that a major benefit of surveillance cul-
tures may be a Hawthorne effect. We have

*See also p. 2373.
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also seen a dramatic decline in nosoco-
mial VRE in one of our inner-city hospi-
tals, which is cited by Salgado and col-
leagues as lacking their recommended
“proactive surveillance approach” (2).
This decrease was coincident with an ag-
gressive 5-yr educational effort to im-
prove hand hygiene, universal gloving,
and antibiotic use and with a move from
an old institution with Florence Nightin-
gale–style wards (that had few sinks and
one bathroom for every 30 patient-beds)
to a modern healthcare facility (13).

While use of surveillance cultures
should continue to be a tool for epidemi-
ologists and intensivists who wish to
eliminate specific resistant pathogens,
there are insufficient data to support
making this measure a national standard
of care (12), especially given the potential
downsides (2). A cluster-randomized trial
by the National Institutes of Health cur-
rently is evaluating benefits of rapid-
turnaround surveillance to isolate the re-
sistance iceberg in ICUs. The results may
place this approach into better perspec-
tive. We also need to assess the role of
more innovative interventions, such as
degerming patient skin (14) and having
healthcare workers use “killer gloves”
(15) to reduce transmission of resistant
bacteria.

Finally, many well-conducted studies
suggest that a major focus for control of
antimicrobial resistance in ICUs should
be prevention of device-related infec-
tions. Marked decreases in and even elim-
ination of central vascular catheter–
related infections in ICUs appear possible
(16). It is important to note that if there
is no line sepsis, then there is much less
chance of bloodstream infection due to
MRSA, VRE, or other pathogens. Inten-
sivists should ensure that their units
adopt, follow, and monitor adherence to
well-supported performance measures for
prevention of device-related infections
(17, 18). Most of these interventions de-

pend on assiduous application of low-
technology measures, which at present
provide the best return on investment for
ICU infection control.
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Cook County Bureau of Health

Services
Rush Medical College
Chicago, IL
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