
Editorials

Hypotension and mortality in septic shock: The “golden hour”*

Time is of the essence.—Anonymous

A guideline is just a guideline
(i.e., a suggested course of ac-
tion), but a performance mea-
sure is a rule (i.e., a statement

that describes what should be done in
most or all cases). Guidelines are made
up of recommendations based on varying
levels of evidence. Expert opinion is con-
sidered the lowest level of evidence (sorry
to disappoint), earning a C rating,
whereas randomized controlled trials
provide the highest level of evidence and
merit an A rating. Cohort studies and
other nonrandomized trials are in be-
tween and receive a B rating (1). Conse-
quently, a recommendation based on a C
rating rarely becomes a performance
measure. Guideline recommendations
will be based almost exclusively on A or B
evidence as they are the most credible. It
follows that performance measures
should be created when the recommen-
dation has an A or B evidence rating,
compliance is critical for improved pa-
tient outcome, and the disease occurs
with a high frequency or has a high im-
pact on morbidity, mortality, or cost.

Dr. Kumar and colleagues (2) have
now provided us with the scientific evi-
dence for creating a performance mea-
sure requiring antimicrobial therapy ad-
ministration within an hour of onset of
hypotension in patients with septic
shock. They used the current adult stan-
dard definitions for septic shock (i.e., a
state of acute circulatory failure charac-
terized by persistent arterial hypotension
unexplained by other causes) and for hy-
potension (i.e., a systolic arterial pressure
�90 mm Hg, a mean arterial pressure
�60, or a reduction in systolic blood
pressure of �40 mm Hg from baseline,

despite adequate volume resuscitation, in
the absence of other causes for hypoten-
sion) with slight modifications (3). In
their multivariate analysis of critical fac-
tors, providing antimicrobial therapy
within the hour of onset of hypotension
in septic shock more often accounted for
clinical improvement than did other fac-
tors such as Acute Physiology and
Chronic Health Evaluation II score and
other therapeutic interventions. The au-
thors also point out that antimicrobial
treatment should not be delayed until the
patient is initially stabilized and the clin-
ical evaluation is completed.

Although the study is a large retro-
spective cohort study (category B level of
evidence), it is unlikely that a prospective
randomized-controlled study will ever be
done because such a study would be con-
sidered unethical. Therefore, the current
study is the best that will be available.

A medical procedure once based on
expert opinion now has the required evi-
dence base to become a performance
measure. Current guidelines for the ini-
tiation of antimicrobial therapy in septic
shock that state therapy should be started
within one hour have been based on ex-
pert opinion and a few small studies.
Now, in �2,000 patients, Dr. Kumar and
colleagues (2) have shown that a “golden
hour” does exist for minimizing mortality
in patients with septic shock. Their con-
clusions are based on studies conducted
in multiple types of intensive care units
as well as multiple academic and commu-
nity hospitals in Canada and the United
States (2).

The findings of the impact of delays in
antimicrobial administration on mortal-
ity are frightening and heighten our
sense of urgency in managing these pa-
tients. The authors found that when an-
timicrobial therapy is initiated within 1
hr of onset of hypotension from septic
shock, 79.9% of patients survive hospital-
ization. In fact, survival was even better if
therapy was initiated within the first 30
mins (82.7%) than in the second 30 mins

(77.2%) of the “golden hour.” After that,
for each additional hour until effective
therapy was initiated, survival dropped by
an average of 7.7%. When it took 5–6 hrs
for therapy initiation, mortality was
42.0%, and by 9–12 hrs it fell further to
an appalling 25.4%.

Although the inverse relationship be-
tween time to initiation of therapy and
survival during hospitalization was
present in all of the groups studied by
Dr. Kumar and colleagues (2), the cul-
ture-negative group fared worse than the
culture-positive group and the communi-
ty-acquired groups fared worse than the
nosocomial-acquired patients. What are
the reasons? Did patients in the culture-
negative group have more comorbidities?
Did the community-acquired patients
take longer to come to the attention of
the medical community than the nosoco-
mial-acquired patients?

The current efforts that are under-
way to develop a bundle of performance
measures for sepsis should be enhanced
by this study. Bundles are a concept
popularized by the current Campaign to
Save 100,000 Lives by June 14, 2006
(4). The campaign focuses on six dis-
eases or care processes that are targeted
for improvement; the improvements
have the potential to save 100,000 lives
by June 14, 2006. The diseases or care
processes for each hospital to target are
acute myocardial infarction, a rapid re-
sponse team, ventilator-associated
pneumonia, central venous line infec-
tion, programs for surgical site infec-
tion prophylaxis, and prevention of ad-
verse drug events with medication
reconciliation. The bundles are a group
of performance measures, all of which
should be followed to prevent or mini-
mize illness, recurrent illness, or death.
The bundle for acute myocardial infarc-
tion, for example, includes early
administration of aspirin, aspirin at dis-
charge, early administration of a �-blocker,
a �-blocker at discharge, an angiotensin-
converting enzyme inhibitor or angioten-
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sin-receptor blocker at discharge for pa-
tients with systolic dysfunction, timely
initiation of reperfusion with thromboly-
sis or percutaneous intervention, and
smoking cessation. All measures in the
this bundle should be completed if not
contraindicated. Completion of all the
measures in all the bundles by the almost
3,000 hospitals that have signed on to the
campaign has the potential to reach the
goal of lives saved. It is time to add a
sepsis bundle to our efforts to comply
with the other components of the Cam-
paign to Save 100,000 Lives.

Previously, timely delivery of appro-
priate therapy in the first hour has been
shown to be critical in other shock-
associated states such as trauma with hy-
povolemic shock (5), cardiogenic shock
due to acute myocardial infarction (6),
and obstructive shock due to massive pul-

monary embolus (7). Now septic shock
must be added to the list. A performance
measure should be constructed that mea-
sures compliance with antimicrobial ad-
ministration within 1 hr (the “golden
hour”) of onset of hypotension in septic
shock. If we are to save more lives, time is
of the essence.

Peter A. Gross, MD
Internal Medicine
Hackensack University Medical

Center
Hackensack, NJ
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The pulmonary artery catheter and critical care: The cart is before
the horse*

I n this issue of Critical Care Med-
icine, Dr. Friese and colleagues (1)
examine the association between
pulmonary artery catheter (PAC)

use and mortality in a large cohort of
critically injured trauma patients. These
investigators reviewed data from 53,312
adult patients found in the National
Trauma Data Bank, of which 1,933 pa-
tients had been managed with a PAC.
This retrospective, observational, cohort
study demonstrated that as age and in-
jury severity increased, the association of
death with PAC use decreased. This ap-
parent association with improved mortal-
ity was strongest for the patient groups
that were the oldest (61–90 yrs), in shock
(base deficit, �11), and with the highest
injury severity (injury severity score, 25–
75). Conversely, patients without these se-
vere injury characteristics had an increased
mortality in association with the PAC. This
result is similar to that found in a previous
observational study (2). These study results

may be a manifestation of the truth, be-
cause this type of study design possesses
the advantage of having external validity via
its reflection of real-world standard prac-
tice. The benefit, if true, could be explained
by the earlier insertion of the PAC in pa-
tients who are severely ill with the correc-
tion of a tissue perfusion deficit that is best
directed by the PAC. The treatment may
have a U-shaped effect resulting in a higher
mortality if the perfusion defect is under-
or over-corrected and optimal outcomes re-
sulting when it is “just right.”

The disadvantage that all studies of
this design suffer from include confound-
ing by indication. The reason why clini-
cians decide to place the PAC is linked to
the patient’s outcome. These additional
risk factors cannot all be known and mea-
sured and, hence, control of them is incom-
plete outside of properly designed random-
ized, controlled trials (RCTs). Why should
the readership be interested in the results
of the study by Dr. Friese and colleagues
(1) when several previous multi-center,
randomized, controlled trials involving
the PAC have demonstrated “no benefit”?

We should be interested because I be-
lieve the RCTs fail to inform us adequately
because of the following problems: 1) poor

external validity; 2) inadequate sample size;
and 3) efficacy vs. effectiveness.

The RCT is the most reliable method
of determining the effectiveness of an in-
tervention such as the PAC. The design
and conduct of such trials must be such
that bias is minimal to be internally valid.
However, to be clinically useful, the re-
sults must also be relevant to a specified
group of patients in a particular setting.
The effect of an intervention such as the
PAC is very dependent on factors such as
the patients’ characteristics, methods of
application, and setting (3). Selecting
RCTs that have at least an 80% power to
detect a 10% difference in mortality
yields four recent trials (4–7). One trial
was in heart failure patients (4), two in
adult intensive care unit (ICU) patients
(6, 7), and one in a high-risk elective
surgical population (5). None of these trials
contains critically ill, traumatized patient
to any significant degree. Hence, only two
studies inform us of the effect of PAC in a
general ICU population that may remotely
reflect a population of interest for the crit-
ically injured trauma patient (6, 7).

The sample size of these two trials are
such that neither study was powered to
demonstrate a mortality difference of
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�10%, even though the difference sug-
gested by observational trials was felt to
be 5% or fewer (8).

In addition, neither trial dictated or,
for that matter, measured any differences
in therapy that was provided to the pa-
tients in the two groups. It is this part of
randomized, controlled trial design to
date that is the crux of the problem. We
consistently put the cart before the
horse! It is impossible for the presence of
a monitoring device alone to alter out-
come. It must be linked to a therapy that is
known to improve outcome, otherwise the
negative results of these trials become
somewhat predictable. In addition, clini-
cians are probabilistic thinkers, and when
faced with uncertainty in complex deci-
sions, they will inevitably seek out more
information to decrease this uncertainty
(9). So, we are never comparing the in-
formation derived from the PAC with no
information at all but instead with other
sources of information that will be highly
variable, depending on the clinician’s cer-
tainty. So, the comparison is likely to be
to information from things such as a
more detailed physical examination, in-
formation from central venous pressure
measurements, measurements of venous
oxygen saturation, esophageal flow probes,
and echocardiographic data. Unfortu-
nately, we have not measured the deci-
sion making that surrounds these other
sources of hemodynamic data that the
clinicians in the control arm of these
trials are using. Not knowing what type of
interventions were provided to patients in
these RCTs only raises more questions
than answers. This is evidenced by mor-
tality rates that are considerably higher
than one would predict with APACHE II
scores of 22 and a predicted mortality
rate of �40% but an actual mortality rate
of almost 70%. This result is in contrast
with other reports of mortality in associ-
ation with PAC use (2), which raises con-
cerns about the types of interventions that
were provided to both groups. Trials that
cannot have the intervention blinded need
to strongly consider strict protocolization
of care. Then, and only then, can we draw
reasonable conclusions about the ability of
a monitoring device to direct care that ul-
timately improves patient outcome.

We know very little about the efficacy
of our therapy with some exceptions.
Take the example provided by Rivers et al.
(10), in which outcomes were improved
in patients receiving early goal-directed
therapy that resulted in patients receiv-
ing greater amounts of resuscitative sa-

line, transfused red blood cells, and do-
butamine. If Rivers et al. had decided to
use a PAC as the monitoring device, we
might have an alternate opinion about its
usefulness in acute resuscitation. This
study suggests that the timing of our
interventions may be the more important
factor and that by the time the patients
are in the ICU, any manipulation in fluids
and vasoactive agents beyond just good
supportive care is unlikely to be of bene-
fit. I would also argue that if benefit exists
in the ICU setting, the effect size of such
a benefit is smaller than any we have tried
to measure to date. It is in this timing
phenomenon that we may find explana-
tion for the results of Friese and col-
leagues (1). Traumatized patients who
are older and more severely ill will have
greater uncertainty surrounding their
hemodynamic profile and most appropri-
ate subsequent treatment. It may, there-
fore, be reasonable to assume that the
PAC is placed earlier in the treatment of
these patients. The phenomenon of im-
proved outcomes may be the result of
earlier intervention. Unfortunately, these
data are not available in the study by
Friese and colleagues.

I think we often lose site of the fact that
the PAC is a diagnostic device. As with the
chest radiograph, you make a diagnosis
(pneumonia/shock) and institute a therapy
(antibiotics/fluids and vasopressors). We
understand that the chest radiograph is not
a very specific tool by which to diagnose
pneumonia, but no one has ever asked for it
to be subjected to a RCT of its effectiveness
or suggested a moratorium on its use. So
why have we done this with the PAC? I
would argue that it is the question of safety,
not effectiveness. What our RCTs inform,
together with a recent meta-analysis, is
that they support the safety of the PAC, an
explicit primary goal of at least two of the
trials (6, 7, 11).

So where to we go from here?
The observational study by Friese and

colleagues (1) has another role that is
often overlooked. Observational studies play
a crucial role in the optimal design and
interpretation of RCTs (12). They are in-
valuable in stimulating the pursuit of
new knowledge and improved patient
outcomes. The article by Dr. Friese and
colleagues does just that. I would like to
congratulate Dr. Friese and colleagues on
reminding us that we are by no means
finished when it comes to questions
about the efficacy of the PAC. I would also
like to challenge them and the trauma
surgery community to design a trial that

takes the above into consideration. The
real question is, “Does the PAC allow for
more accurate titration of a known effec-
tive therapy over some alternative moni-
toring approach.” Such a trial could be a
comparison of the PAC vs. the right atrial
central venous catheter with continuous
oximetry using the Rivers protocol to di-
rect therapy (10). It should include care-
ful documentation of care decisions made
as a result of the data. It needs to be early
in the resuscitation phase, because this
may be a time when we can influence
outcome. It should also be powered to
detect a 5% difference in mortality and
should measure other morbid and safety
events thoroughly.

One pending RCT deserves mention.
This trial has adopted a design with ex-
plicit protocols directing the interven-
tions based on the data available. The
Fluids and Catheters Treatment Trial
(FACTT) is a study run by the ARDSnet
group of investigators. The study plans to
enroll 1000 patients with acute respira-
tory distress syndrome in a 2 � 2 facto-
rial design comparing the PAC with cen-
tral venous catheter and a fluid-liberal
with a fluid-conservative strategy. The
study has stopped recruiting and is in
active follow-up (13).

We eagerly await the results of this
and future studies of the PAC.

Dean R. Chittock, MD, FRCPC,
MS(Epid)

Critical Care Medicine
Vancouver Coastal Health
Program of Critical Care

Medicine
University of British

Columbia
Vancouver, BC, Canada
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Blood transfusion in burns: Benefit or risk?*

Blood transfusions can improve
the outcome in critically ill
patients but are also associ-
ated with negative effects

such as immune suppression, infection,
and fluid overload (1–6). The threshold
hemoglobin level when to transfuse blood
is still under discussion and varies from 7
mg/dL hemoglobin to 10 mg/dL. Major
burns with a total body surface area burn
of �20% require blood transfusions dur-
ing their acute clinical course because of
the nature of the injury and the necessary
treatment. The study by Dr. Palmieri and
colleagues (1) in the current issue of Crit-
ical Care Medicine investigates the effect
of blood transfusion on outcome, such as
mortality after a major thermal injury in
adult patients. The study was designed as
a multicenter retrospective cohort analy-
sis. The authors found that mortality of
severely burned adult patients was related
to patient age, total body surface area
burn, presence of inhalation injury, num-
ber of units transfused outside the oper-
ation room, and total number of trans-
fusions. They further showed that the
number of infections per patient increased
with each unit of blood transfused. The
authors concluded that the number of
transfusions is associated with mortality
and infectious episodes (1).

The finding of Dr. Palmieri and col-
leagues (1) that high amounts of blood
products worsen the outcome in burn
patients is paralleled in other patient pop-
ulations. Transfusion of blood products
have been shown to worsen the outcome
of critically ill, oncologic, and surgical
patients (2–6). In a recent study that is
under review in Critical Care Medicine,
our group investigated the effect of blood
transfusions on the outcome of severely
burned children (7). We showed that after
a similar notion as observed in burned
adults, transfusion of high amounts of
blood products in severely burned chil-
dren is associated with an increased risk
of sepsis and subsequent death.

Blood loss in burned patients is mul-
tifactorial, and significant predictive vari-
ables are age (older age � younger age),
male sex, weight, height, body surface
area, percentage of third-degree burn,
surgery time, and total area excised (8).
The single most predictive independent
variable, however, is surface area excised
(8). Area excised accounts for approxi-
mately 50% of the variability in operative
hemorrhage. Type of excision (tangential
vs. fascial), percentage of total surface
area burned, donor site area, the use of
saline or epinephrine, and delay from burn
to excision were not significant predictors
(8). The underlying causes by which
blood transfusions worsen the outcome
are not entirely understood. There is ev-
idence that blood transfusion impairs the
immune system, increases the risk of in-
fections, and induces the inflammatory
response (3–6, 9). The systemic inflam-

matory response after burn leads to hy-
permetabolism and thus to protein
degradation and catabolism (10, 11).
Consequently, the structure and function
of essential organs such as the muscle,
skin, heart, immune system, and liver are
compromised, contributing to multiple
organ failure and mortality (10 –12).
Uncontrolled release of proinflammatory
mediators such as interleukin-6, inter-
leukin-8, and acute-phase proteins trig-
ger and enhance protein wasting and or-
gan dysfunction (13, 14). Organ function
breakdown can then lead to increased
prevalence of infection and sepsis, ulti-
mately leading to multiple organ failure
and death (14).

The main question that results from
the studies in burned patients is: what
can be done to reduce the amount of
blood transfused? One possible approach
would be to lower the threshold for he-
matocrit from 30–32% to 25–28% and
for hemoglobin from 10 mg/dL to 7–8
mg/dL. However, during the surgical in-
tervention, hemoglobin and hematocrit
levels have to be maintained. New surgi-
cal strategies to diminish blood loss are
necessary to decrease the amount of
transfused blood. We suggest that the use
of tourniquets, epinephrine, or the use of
fibrin sealant could be possible solutions
that can be clinically applied. Newer stud-
ies further indicate that it is not the blood
received during the operation but rather
the blood received between operating
room visits that affect survival, suggest-
ing that emphasis should be placed on
transfusion indications during the acute
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postburn hospital stay. The increasing ev-
idence derived from retrospective studies
that the indication and threshold for
blood product administrations has to be
redefined leads us to call for a large pro-
spective clinical trial. The prospective
trial should determine whether surgical
techniques can effectively decrease blood
loss during the operation, determine the
indications for blood transfusion, and
whether the amount and timing of trans-
fusions determine the outcome of se-
verely burned patients.

In summary, burned patients who re-
quire large amounts of blood products
are at high risk to develop infectious
complications and to die when compared
with patients requiring low amounts of
blood products. We suggest that the next
step would be to initiate a large prospec-
tive clinical trial to determine the thresh-
old for blood transfusions and possibly
new methods to limit blood loss during
surgery. This prospective randomized
study should address these issues and an-
swer these questions before recommen-
dations can be made to change clinical
practice.

Marc G. Jeschke, MD, PhD
David N. Herndon, MD

Shriners Burn Hospital
Galveston, TX
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Blood product transfusion in association with coronary artery
bypass grafting: Proceed with caution*

A total of 400,000 coronary ar-
tery bypass grafting (CABG)
procedures are performed each
year in the United States, many

on productive citizens in midlife. Improv-
ing the safety of this procedure is impor-
tant. In this issue of Critical Care Medi-
cine, Dr. Koch and colleagues (1) report
on their study in which they quantified
the incremental risk associated with the
transfusion of blood products on mortal-
ity and morbidity after CABG surgery.
They also investigated patient- and pro-

cedure-related variables associated with
the need for packed red blood cell (RBC)
transfusion.

Blood transfusion and outcome after
cardiac surgery have been studied exten-
sively (2–8), and patient outcome seemed
worse when blood transfusion was insti-
tuted in the perioperative period. Some of
these studies were limited by small patient
populations and others by combinations of
cardiac procedures (e.g., CABG and valve
surgery) that may have confounded the re-
sults. Some did not evaluate dose-depen-
dent effects of RBC transfusion or patient
outcome after transfusion of blood prod-
ucts other than RBCs. This present study
addresses those issues.

Almost half of the patients (48.6%) of
Dr. Koch and colleagues (1) underwent
blood product transfusion. Transfusion of
RBCs was associated with unit-by-unit in-
creased risk for in-hospital mortality and
morbidity, even after controlling for risk

factors previously associated with adverse
outcome after CABG. Higher rates of
transfusion were seen in the elderly, pa-
tients with lower body mass indexes, low
preoperative hematocrit, or those under-
going reoperation. Unexpectedly, platelet
transfusion was associated with lower
postoperative morbidity (9). Also con-
trary to previous findings, transfusion of
fresh frozen plasma led to increased in-
hospital mortality.

The greatest strength of this study is
prospective. Perioperative patient data
and information from the original blood
component utilization forms were col-
lected from a large homogeneous patient
population. Analysis of transfusion blood
products other than RBCs on outcome
was also important, as there is a paucity
of such information in the cardiac sur-
gery literature. However, the design and
analysis generated questions regarding

*See also p. 1608.
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confounding variables. Some of these
concerns are outlined below.

Dr. Koch and colleagues (1) state that
“patient-related disease characteristics, lab-
oratory values and operative variables, . . .
were variably associated with individual
postoperative morbidities and mortality,”
but the specific variables were not listed.
Although the authors controlled for tra-
ditional risk factors, they did not specify
whether they controlled for physiologic
variables (e.g., acidosis) that have been
evaluated as confounding variables in other
recent transfusion studies (10). They tried
to account for these variables statistically
by utilizing a balancing score, but concede
that RBC transfusions might be a surrogate
marker for sicker patients.

More detailed discrimination of the
time of blood transfusion in relation to
the onset of adverse outcomes would pro-
vide support for their conclusions. It is
difficult to blame a blood transfusion for
an adverse outcome that was diagnosed
before the transfusion. Of the 20,513 units
of RBCs transfused, the authors stated that
11,177 (54%) were given postoperatively in
the intensive care unit. However, the ma-
jority of complications in cardiac surgery
relate to events in the operating room or on
the first postoperative night. Moreover, cli-
nicians frequently transfuse cardiac surgery
patients after the diagnosis of a complica-
tion. Review of those given transfusions
beyond the initial 12- to 24-hr risk period
for procedural complications might iden-
tify patients who fail to show a temporal
relationship consistent with their conclu-
sions that the transfused blood caused the
complication. Identifying and excluding
such patients from their data set would
strengthen the suggestion of causality.

Specific patient and procedural
questions came to mind while review-
ing this article. How many of the pa-
tients in the study required a transfu-
sion for bleeding? Might the local policy
of avoiding aprotinin, the most effective
measure for prophylaxis against bleed-
ing, have led to more bleeding and the
need for more blood products (11)? The
investigators reported that most of the
patients who underwent transfusion re-
ceived only 1 or 2 units of RBCs, mak-
ing bleeding a less likely indication for
transfusion in those patients. What
were the indications for transfusion?

Fresh frozen plasma was associated
with reduced odds for postoperative
mortality. Was this because fresh frozen
plasma led to a cessation of bleeding in
these patients? This would seem un-
likely according to the results of a re-
cent meta-analysis of randomized clin-
ical studies that showed minimal
efficacy of fresh frozen plasma for this
purpose (12–14). Perhaps the (nonproto-
col) decision to give fresh frozen plasma
signified a conscious effort by the clinician
to avoid having to give cell-based transfu-
sions (i.e., RBCs or platelets). The Cleve-
land Clinic Health System advertises
“bloodless CABG surgery” for appropriate
candidates (www.fairviewhospital.org/
bloodless). This implies that they might
have a fairly large cohort of low-risk pa-
tients with severe anemia after CABG.
Comparing the outcome of this group vs. a
matched cohort of low-risk patients who
were transfused would strengthen their
findings considerably.

Despite its flaws, this study is impor-
tant to the critical care literature. It pro-
vides data regarding a therapy, presently
under great scrutiny, on a challenging
component of the ICU patient population.
The correlation between blood use and
poor outcome in CABG surgery is strong;
therefore, decisions to utilize transfusion
must be made carefully. We can save lives
by being frugal in our use of blood. We
can save lives by improving CABG sur-
gery. We can save lives by improving the
quality of blood products. We all have
work to do.
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Achieving optimal antiarrhythmic therapy in advanced
cardiac life support*

Prompt arrhythmia recognition
with rapid implementation of re-
suscitative measures, including
use of pharmacologic agents,

in patients without a pulse can be a com-
plex process. Key factors associated with
survival include witnessed event, early
access, cardiopulmonary resuscitation,
associated rhythm, early defibrillation,
and advanced cardiac life support (1, 2).
Success with pharmacologic agents has
generally been limited to soft outcomes
such as improved survival to hospital ad-
mission, return of spontaneous circula-
tion or survival at 24 hrs instead of in-
creasing hospital discharge with adequate
neurologic function (3). Improving the
chance for survival may additionally de-
pend on the setting, underlying health,
presence of acute illnesses, symptomatic
cardiac disease, or other drugs, in addi-
tion to rapid transition to advanced car-
diac life support by trained healthcare
professionals (1, 2, 4, 5). Equating out-
comes for a given intervention solely
based on a single variable will thus create
notable limitations.

In this issue of Critical Care Medicine,
Dr. Rae and colleagues (6) present the
results of a retrospective analysis from
three academic medical centers of the
inpatient management of pulseless ven-
tricular tachycardia (VT) or ventricular
fibrillation (VF) using either lidocaine or
amiodarone or both. The primary end
point was survival for 24 hrs, with a sec-
ondary end point of survival to hospital
discharge irrespective of neurologic func-
tion. After adjusting for covariances, a
higher mortality rate at 24 hrs or time of
discharge was observed with the use of
amiodarone compared with lidocaine.
These results seem to question if any

advantage for amiodarone over lidocaine
exists in the inpatient setting.

Objective data supporting the effec-
tiveness of lidocaine in pulseless VT or VF
are limited. In one retrospective analysis,
the addition of lidocaine in the setting of
sustained VF resulted in a significant in-
crease in return of spontaneous circula-
tion (p � .001) and admission to the
hospital (38% vs. 18% not receiving lido-
caine, p � .01), but not hospital dis-
charge (14% vs. 8%). The prevalence of
bystander cardiopulmonary resuscitation
or nurse present in the lidocaine group
was significantly higher, highlighting the
potential influence of a trained early re-
sponder on outcomes (7). In an open,
randomized trial comparing 100 mg of
lidocaine with 0.5 mg of epinephrine in
outpatient VF (n � 199), no difference in
return of spontaneous circulation or sur-
vival was observed (8).

In the Amiodarone Versus Lidocaine
in Prehospital Ventricular Fibrillation
Evaluation (ALIVE) trial, amiodarone (5
mg/kg initial dose) was associated with a
greater chance to survive to hospital ad-
mission compared with 1.5 mg/kg lido-
caine (23% vs. 12%, p � .009) but no
statistical difference in hospital discharge
(6.4% vs. 3.8%, p � .32) (9). It should be
noted that 24 patients (13.3%) in the
amiodarone group and 11 (6.6%) in the
lidocaine group (p � .04) had transient
return of spontaneous circulation before
administration of the study drug, of
which ten and four, respectively, were
admitted to the hospital. Improved sur-
vival to admission was also observed with
earlier administration of either amioda-
rone (28% vs. 18%) or lidocaine (15% vs.
6%) than the mean. Individuals receiving
lidocaine earlier than the mean still had a
lower rate of improved survival to admis-
sion (15%) than those receiving amioda-
rone later than the mean (18%), suggesting
a continued advantage with amiodarone
(9). Dr. Rae and colleagues (6) observed no
difference in conversion rates or mortality
after administration with either antiar-
rhythmic when given earlier than 6 mins,

suggesting that no benefit exists with ei-
ther agent if given early. Agent selection
may not, however, be the only influencing
factor to note.

Dr. Rae and colleagues (6) noted that
only 25% of the patients received the
recommended 300-mg dose of amioda-
rone and that the initial dose of amioda-
rone was given 14 � 9 mins into the
code, compared with 6 � 5 mins for li-
docaine (p � .001). The lower initial dose
(150 mg) administered may have been
easier to explain if there had been a
guideline revision to increase the amio-
darone dose, as was the case with lido-
caine. Because amiodarone was a new
addition to the Advanced Cardiac Life
Support guidelines for pulseless VT/VF at
the start of their analysis period, their
observations suggest a lack of either un-
derstanding of how to use amiodarone or
an undesirable delay to prepare and in-
clude a second 150-mg ampoule. The
8-min delay in administering amiodarone
may also have unintentionally created a
higher degree of acuity in the amioda-
rone comparator outside the covariates
for which it was adjusted (e.g., degree of
acidosis, delay in administering repeated
doses of epinephrine).

It could be argued that although 69%
of patients received a correct dose of li-
docaine, it was lower than the 1.5 mg/kg
tested in ALIVE (9). To avoid unnecessary
delays in reaching the maximum 3 mg/kg
lidocaine dose, the dose was condensed in
2000 from three 1-mg/kg doses to two
1.5-mg/kg doses, despite lack of support-
ing evidence (10). Education on using
patient-specific dosing approaches may
then play a vital role in optimizing cur-
rent approaches for therapy. Teaching
tools simplifying how much (i.e., one am-
poule/syringe equals one dose for all) and
when pharmacologic agents are adminis-
tered (drug—shock—drug—shock) may
create undesirable delays in establishing
and maintaining adequate serum concen-
trations to achieve a desired response.

Logistic barriers with amiodarone could
also have factored into the lower dose, de-

*See also p. 1617.
Key Words: advanced cardiac life support; lido-

caine; amiodarone; pharmacotherapy; inpatient
The author does not have any financial interests to

disclose.
Copyright © 2006 by the Society of Critical Care

Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/01.CCM.0000219375.94748.C4

1825Crit Care Med 2006 Vol. 34, No. 6



layed onset, and critical time lost in maxi-
mizing therapy. Besides the requirement to
break two 150-mg glass ampoules of amio-
darone for the first 300-mg dose, there was
an additional recommendation to dilute
with 20–30 mL, as was done in the AR-
REST and ALIVE trials, to minimize brady-
cardia and hypotension (9, 11, 12). Skrif-
vars et al. (12) recently reported on the use
of 300 mg of undiluted amiodarone admin-
istered as central to the heart as possible
with a fluid bolus to reduce the risk of
hypotension and irritation of the access site
in pulseless VT/VF. Amiodarone was not
associated with a higher prevalence of bra-
dycardia or hypotension, and the authors
noted that most patients previously re-
ceived epinephrine. However, use of amio-
darone was associated with a more compli-
cated prehospital course, including more
defibrillatory shocks and higher overall
amounts of epinephrine. The nonsignifi-
cant decrease in hospitalization and sur-
vival to discharge associated with the use of
amiodarone left unresolved the question of
whether any advantage for amiodarone exists.

In the recently published 2005 Ad-
vanced Cardiac Life Support guidelines,
early drug administration after sole car-
dioversion is now encouraged with car-
diopulmonary resuscitation continued to
allow blood flow and drug distribution to
the heart (3). The guidelines also encour-
age that pharmaceutical agents be pre-
pared in advance to avoid delays in man-
agement, no longer requiring dilution of
amiodarone. Availability of prefilled ami-
odarone syringes may assist in reducing
delay in administration of amiodarone,
especially in situations in which team

members are multitasking without a
member specifically assigned to prepara-
tion of medications.

The observations of Dr. Rae and col-
leagues (6) continue to leave open the
question of whether amiodarone or lido-
caine can improve outcomes in pulseless
VT/VF in the inpatient setting. Critical
time lost before defibrillation and insuf-
ficient drug administration may have
been factors diminishing beneficial out-
comes with pharmacologic adjuncts. The
considerable amount of time between im-
plementation of new guidelines and ad-
ministration of the correct initial amio-
darone dose observed by Dr. Rae and
colleagues (6) suggests a greater need to
educate code team leaders. Proving effec-
tiveness, however, will depend not only
on the agent itself, but the ability to give
the correct dose promptly in that particular
setting. Cardiac arrest teams need to be
current on recommended treatment ad-
juncts, including the prompt and correct
use of pharmacologic adjuncts to optimize
outcomes—assuming it exists, that is.

William E. Dager, PharmD, FCSHP
Department of

Pharmaceutical Services
University of California
Davis Medical Center
Sacramento, CA

REFERENCES

1. Eisenberg MS, Mengert TJ: Cardiac resusci-
tation. N Engl J Med 2001; 344:1304–1313

2. Wenzel V, Krismer AC, Arntz HR, et al: A
comparison of vasopressin and epinephrine
for out-of-hospital cardiopulmonary resusci-
tation. N Engl J Med 2004; 350:105–113

3. 2005 American Heart Association Guidelines
for Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care. Circulation 2005;
112(24 Suppl):IV-57–IV-66

4. Gwinnutt CL, Columb M, Harris R: Outcome
after cardiac arrest in adults in UK hospitals:
Effect of the 1997 guidelines. Resuscitation
2000; 47:125–135

5. Peberdy MA, Kaye W, Ornato JP, et al: Car-
diopulmonary resuscitation in adults in the
hospital: A report of 14720 cardiac arrests
from the National Registry of Cardiopulmo-
nary Resuscitation. Resuscitation 2003; 58:
297–308

6. Rae RS, Kane-Gill SL, Rudis MI, et al: Com-
paring intravenous amiodarone or lidocaine,
or both, outcomes for inpatients with pulse-
less ventricular arrhythmias. Crit Care Med
2006; 34:1617–1623

7. Herlitz J, Ekstrom L, Wennerblom B, et al:
Lidocaine in out-of-hospital ventricular fi-
brillation: Does it improve survival? Resusci-
tation 1997; 33:199–205

8. Weaver WD, Fahrencruch CE, Johnson DD,
et al: Effect of epinephrine and lidocaine
therapy on outcome after cardiac arrest sue
to ventricular fibrillation. Circulation 1990;
82:2027–2034

9. Dorian P, Cass D, Schwartz B, et al: Amioda-
rone as compared with lidocaine for shock-
resistant ventricular fibrillation. N Engl
J Med 2002; 346:884–890

10. Guidelines 2000 for Cardiopulmonary Resus-
citation and Emergency Care: International
Consensus on Science. Circulation 2000;
102(Suppl I):I-1–I-384

11. Kudenchuk PJ, Cobb LA, Copass MK, et al:
Amiodarone for resuscitation after out-of-
hospital cardiac arrest due to ventricular fi-
brillation. N Engl J Med 1999; 341:871–878

12. Skrifvars MB, Kuisma M, Boyd J, et al: The
use of undiluted amiodarone in the manage-
ment of out-of-hospital cardiac arrest. Acta
Anaesthesiol Scand 2004; 48:582–587

Is fast-track intensive care unit management still on the
express track?*

I n the 1990s, with a doubling in
the number of coronary artery by-
pass graft procedures every 5 yrs
(from 1981), efficient use of the

limited facilities and available resources

was critical for the appropriate delivery of
medical care (1). Innovative thinking
yielded two basic approaches to the ap-
propriate use of these resources. The first
was to bypass the intensive care unit
(ICU) entirely by use of a cardiac recovery
area (2). The second was the promulga-
tion of a fast-track protocol that resulted
in earlier extubation of the trachea and
transfer of the patient to less costly (as
compared with the ICU) clinical areas (3).
The evolution of the fast-track ICU pro-
tocol resulted from the adaptation of

early tracheal extubation studies in car-
diac surgical patients (4, 5). The fast-
track protocol becomes feasible after car-
diac surgery due to improvements in
perioperative anesthesia management,
coupled with advancements in surgical
techniques, myocardial protection, and
normothermic or “tepid” cardiopulmo-
nary bypass techniques (6). Equally im-
portant, however, is to recognize that fea-
sibility does not equate to safety (7).

In this issue of Critical Care Medicine,
van Mastrigt and colleagues (8) per-

*See also p. 1624.
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formed an elegant systematic review and
a meta-regression analysis to assess fast-
track treatment of low-risk patients un-
dergoing coronary artery bypass surgery.
The analysis identified 27 of 643 articles
that met their criteria and focused on
three variables: anesthetic management,
temperature technique during cardiopul-
monary bypass, and the presence of an
institutional early extubation protocol.
The dominant finding is that the intro-
duction of an early extubation protocol is
essential to accomplish a significant re-
duction in ICU and hospital length of stay
in low-risk coronary artery bypass graft
patients. Anesthetic choice and tempera-
ture management during cardiopulmo-
nary bypass were, at most, only contrib-
utory factors. This study has chosen a
realistic definition for differentiating
high- and low-dose anesthetics and dem-
onstrates it to be a far less important
consideration than the intent to extubate
and the process of early extubation care.
However, this analysis does not clarify
that modifying anesthetic techniques uti-
lizing shorter-acting narcotics or muscle
relaxants, inhalational agents, regional
anesthesia, and the adjunct of methyl-
prednisolone resulted in earlier extuba-
tion. One must remember that early ex-
tubation is a key step, but not the only
step, in the facilitated recovery of these
patients. The process of postoperative
care seems to be more important and
must be modified to complement early
tracheal extubation for maximum cost ef-
ficiency (6).

Finally, due to the content of the stud-
ies included in the meta-regression anal-
ysis, limited data were available on long-
term effects of a fast-track protocol. The
only published study is a 1-yr follow-up
after the index hospital discharge in a
randomized assessment of resource use
in a fast-track cardiac surgical protocol
(vs. traditional management) by Cheng et
al. (9). There were no deaths during 1-yr
follow-up after initial discharge; 15 pa-
tients (25%) from both groups were re-
admitted to acute care hospitals in the
follow-up period. However, the length of
stay for acute care readmission was 0.3 �
1.0 day in the fast-track group vs. 1.6 �
6.3 days in the conventional group at 3
months (p � .01) and 0.8 � 1.8 vs. 2.9 �
9.6 days at 12 months (p � .01). Two
patients (3.3%) in the fast-track group
and nine patients (15%) in the conven-
tional group were transferred to rehabil-
itation facilities. Percentage reduction of
fast-track cardiac surgery cost was 68% at

3 months and 49.5% at 1-yr after index
hospital discharge.

Importantly, the investigators give the
reader a road map to design rigorous
experimental clinical trials in the future.
In cardiac anesthesiology, a systematic
review and meta-analysis of high meth-
odologic rigor has been published (10).
However, despite the levels of evidence
available for a number of aspects of prac-
tice, there remain a greater number of
unresolved questions in fast-track cardiac
anesthesia and surgery: choice of anes-
thetic agents and techniques in fast-track
cardiac anesthesia (11); neurologic, car-
diac, and coagulation monitoring (12–
14); renal protection in cardiac surgery
(15); prophylaxis for postoperative atrial
fibrillation (16); safety and efficacy of re-
gional anesthesia in cardiac surgery (17);
safety and efficacy of off-pump coronary
artery bypass surgery vs. conventional
coronary artery bypass (18); and routine
immediate operating room extubation af-
ter cardiac surgery (19).

This meta-regression analysis study
was conducted on a patient population
that is not seen in today’s cardiac oper-
ating rooms and therefore does not ad-
equately reflect the clinical challenges
faced by physicians and nurses caring
for the postoperative cardiac patient.
With newer percutaneous cardiology
techniques (stent placement, valve re-
pair or replacement, septal closure de-
vices, endovascular replacement), most
cardiac operating rooms have witnessed
a decline in the number of lower-risk
patients undergoing surgical proce-
dures, combined with a significant
change in patient demographics. Pa-
tients with a higher number of co-
morbidities and poorer risk (just the
group excluded in the present study)
are daily challenges to all healthcare
providers working with the cardiac sur-
gical patient. Does this render the find-
ings of van Mastrigt and colleagues (8)
irrelevant? The answer is a resounding
no! The central message of their find-
ings is the requirement for an ICU pro-
tocol that allows one to move the pa-
tient progressively through a clinical
pathway. Equally important, by use of a
protocol, objective data are obtained,
which again facilitates the type of inno-
vation that brought fast-track protocols
into existence in the 1990s (20). Safe
and effective fast-track ICU recovery re-
sults in reductions in healthcare costs

in cardiac surgery, which are needed
more in 2006 than 1996.
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Rib fractures, pneumonia, and mortality*

T he relationship between rib
fractures, mortality, and pneu-
monia has remained a conun-
drum. In this issue of Critical

Care Medicine, Dr. Brasel and colleagues
(1) have taken a slightly different ap-
proach to this problem by performing a
multivariate analysis of known risk fac-
tors and comorbidities on data collected
from both trauma and non trauma cen-
ters. Their conclusions are not totally un-
expected. They have confirmed that age
and injury severity are the only important
predictors of mortality in multiply in-
jured patients (2).

Increasing age has long been shown to
be associated with increased mortality,
not just in patients with rib fractures but
in other injuries as well (3, 4). Whether
this is due to the inherent loss of physi-
ologic reserve seen with the aging pro-
cess or to underlying comorbidities is less
clear. Although Dr. Brasel and colleagues
were not able to conclusively answer this
question, they did show that comorbidi-
ties in aggregate did not prove to be a
significant factor in influencing mortality
in the multiply injured patient. Although
some comorbid conditions showed either
no influence or even a protective effect,
several comorbidities did have significant
influence on mortality when age was con-
trolled. It is not surprising that conges-
tive heart failure, arrhythmias, neuro-

logic diseases, renal failure, liver disease,
and metastatic cancer were significantly
associated with increased mortality.
These are all disorders that make care of
the trauma patient much more compli-
cated. Many times, these patients are also
much more likely to have advanced direc-
tives and want less aggressive care. Un-
fortunately this cannot be gleaned from
this data.

Mortality from pneumonia in trauma
patients is controversial. Studies have re-
ported an increase in mortality with ven-
tilator-associated pneumonia, but when
case-controlled studies are performed,
there is no difference in mortality (5–8).
In Dr. Brasel and colleagues’ study, pneu-
monia was associated with both increased
age and injury severity. It was not asso-
ciated with mortality in the multiply in-
jured patient but was in patients with
isolated thoracic injury.

Increased numbers of rib fractures
were also associated with increased mor-
tality, especially in those with isolated
thoracic injury. This confirms the find-
ings of others (9, 10). Interestingly, in Dr.
Brasel and colleagues’ data, the number
of rib fractures does not correlate with
pneumonia. Retrospective data collected
from my institution did not show a dif-
ference in incidence of pneumonia be-
tween patients with less than or more
than four rib fractures (11). However,
Bulger, et al. (10) found that in elderly
patients, the risk of pneumonia increased
by 27% for each additional rib fracture.
Studies have shown that aggressive pain
control improves outcome (12, 13). In our
institution, after reviewing our patients
with rib fractures, we instituted a proto-
col especially directed at those patients

�45 yrs of age with more than four rib
fractures and it includes aggressive pain
control and pulmonary toilet.

Overall, Dr. Brasel and colleagues’
study has clarified the association be-
tween rib fractures, mortality, and pneu-
monia. It further exemplifies the need for
aggressive care of the elderly patient with
rib fractures including careful attention
to patients with specific comorbidities.

Christine S. Cocanour, MD, FACS
University of Texas Health

Science Center
Houston, TX
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Transmitting and absorbing new information on the early
identification of sepsis patients: The partial thromboplastin
time biphasic waveform*

I t is rare that a month passes in
which Critical Care Medicine and
other journals do not publish the
results of a clinical investigation

on an approach to identifying or stratify-
ing patients with sepsis. Clinicians face a
steady and often confusing stream of new
data purporting to help in the early clas-
sification, treatment, or prognostication
for patients with sepsis. C-reactive protein
(CRP), procalcitonin, lactate, cytokines,
and a diverse array other serum proteins
have all been proposed as adjuncts to the
bedside assessment and triage of septic pa-
tients. There are many reasons for this bur-
geoning publication of data, but this fun-
damentally represents a widespread effort
to improve the criteria for categorization of
systemic inflammatory response syndrome
(SIRS), sepsis, severe sepsis, and septic
shock. The fact that there are such a large
number of investigations into clinical scor-
ing systems, biochemical measures, and
physiologic markers of disease reveals a sig-
nificant knowledge gap in our understand-
ing of sepsis. Specifically, current clinical
definitions for SIRS and sepsis are neither
sensitive nor specific. This contributes to
misclassification errors and failure to sep-
arate patients with SIRS from those with
sepsis. Many clinical investigations of sepsis
have thus been hampered by the applica-
tion of these definitions, which encompass
an extremely heterogenous group of pa-

tients, diseases, and predictable outcomes
(1, 2).

A major source of difficulty for clini-
cians who would incorporate the findings
of sepsis research into practice arises
from a separation of the simplified but
useful clinical criteria for sepsis and
the extraordinarily complex pathways
through which injury and infection lead
to a systemic inflammatory response. Al-
though useful in standardizing sepsis re-
search, a patient’s temperature, respira-
tory rate, heart rate, white blood cell
count, and clinical evidence of infection
by themselves cannot be used to reliably
determine prognosis, likelihood of treat-
ment response, or pathophysiologic state.
This difficulty is readily apparent in re-
view of trials with therapeutic agents
such as activated protein C, which shows
clinical benefit in sepsis, but only for the
subset of patients who meet Acute Phys-
iology and Chronic Health Evaluation II
scores that were not initially used as eli-
gibility criteria (3, 4). Many clinicians be-
lieve the successful and effective applica-
tion of novel therapies for SIRS and
sepsis patients will require timely identi-
fication and separation of patients by un-
derlying pathogenesis, prognostic cate-
gory, and biophysiologic status. Toward
this end, there have been repeated calls to
conduct sepsis research using both the
original consensus criteria and also a
classification system that accounts for
specific predisposing conditions, specific
infections, biochemical markers, organ
dysfunction, and prognostic categories
(5–7). On an even more basic level, an
adjunct test that consistently improves
the distinction between patients with
SIRS and no infection from those with

sepsis would represent a significant ad-
vance.

Within this context of biochemical
markers of infection in septic patients,
Dr. Chopin and colleagues (8) present
their findings on abnormal activated par-
tial thromboplastin time waveform trans-
mittance in this issue of Critical Care
Medicine. This work builds on previous
observations that light transmittance of
serum from some patients with dissemi-
nated intravascular coagulation decreases
in a time-dependent biphasic manner
during measurement of the activated par-
tial thromboplastin time, the so-called
biphasic waveform (BPW) (9, 10). Al-
though this effect cannot be measured on
most commonly used laboratory coagula-
tion analyzers, the machine and software
program used in these studies is unique
and permits observation and quantifica-
tion of this early event in coagulation
time measurement. This abnormal de-
crease in light transmittance results from
the precipitation of a complex of lipopro-
teins, most likely very low density lipopro-
tein, and CRP, which occurs immediately
after recalcification of the specimen but
before coagulation. The biochemical pro-
cess that accounts for this calcium-depen-
dent precipitation of CRP–lipoprotein com-
plexes in serum from patients with
inflammation but not normal healthy con-
trols has not been established with cer-
tainty. Evaluation of the lipoprotein con-
tent and thrombogenic properties of very
low density lipoprotein isolated from pa-
tients with sepsis and disseminated intra-
vascular coagulation reveals qualitative
changes in its constituent phospholipids
and increased prothrombinase activity that
may contribute to sepsis-related coagulopa-
thy (11, 12). It is not known whether these

*See also p. 1654.
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lipoprotein alterations and the CRP–
lipoprotein precipitation reflect incidental
events or an integral process in the devel-
opment of coagulation and inflammatory
cascades. In a study involving BPW mea-
surement in intensive care unit (ICU) pa-
tients, it seems that both CRP and very low
density lipoprotein concentrations are ele-
vated in disseminated intravascular coagu-
lation but also that the abnormal BPW
occurs earlier than findings of overt dis-
seminated intravascular coagulation and is
a better predictor of disseminated intravas-
cular coagulation than either component
alone (11).

In the present study, Dr. Chopin and
colleagues (8) report their measurements
of the BPW in a heterogeneous cohort of
187 consecutive adult surgical and nonsur-
gical patients admitted to an ICU. All in-
cluded patients met criteria for SIRS or
sepsis. The most striking observations were
that the presence of an abnormal BPW had
a sensitivity of 90% and a negative predic-
tive value of 92% for the diagnosis of severe
sepsis or septic shock on day 1 of ICU hos-
pitalization. On day 3 of ICU hospitaliza-
tion, the presence of an abnormal BPW
correlated with prognosis and had a sensi-
tivity of 77%, specificity of 91%, and nega-
tive predictive value of 98% for mortality.
However, in distinguishing patients with
SIRS alone from patients with any severity
of sepsis, severe sepsis, or septic shock, the
presence of an abnormal BPW on day 1 had
a sensitivity and specificity of only 68% and
62%, respectively. Thus, the main advan-
tage of the BPW seemed to be in identifying
severe sepsis or septic shock but not nec-
essarily in separating SIRS without signifi-
cant infection from sepsis. The investiga-
tors simultaneously measured
procalcitonin, CRP, and lactate with the
activated partial thromboplastin time wave-
form. This demonstrated that the abnormal
BPW had similar to slightly improved sen-
sitivity and specificity for the diagnosis of
sepsis and mortality in comparison with
each of these other measures. These results
are consistent with previous studies dem-
onstrating that the presence of an abnor-
mal BPW correlated with an increased risk
for both sepsis and mortality (13, 14). The
results reported in this study are also com-
parable with those reported by Dempfle et
al. (15), obtained in a similar cohort of 331
patients, in which an abnormal BPW was
associated with a higher mortality and had
a 48% sensitivity and 94% specificity for
sepsis using a similar threshold value.

Dr. Chopin and colleagues (8) per-
formed their measurements and analysis

in a single ICU population using a coag-
ulation analyzer not in widespread or
common use. This design and measure-
ment procedure significantly limits the
ability to generalize the findings. Other
limitations include the small number of
patients studied and the unexplained
variability noted by the authors between
patients with pneumonia, fungal, Gram-
negative, and peritoneal infections. Fi-
nally, conclusions about the clinical pre-
diction of mortality in a critical care
setting without multivariate stratification
and analysis may not be robust. Never-
theless, when viewed within the context
of previous investigations of CRP, procal-
citonin, and other biochemical markers
in patients with SIRS and sepsis, these
results compare favorably. Specifically,
the sensitivity, specificity, and area under
the receiver operating characteristic
curves for the BPW are of similar magni-
tude to those reported in mixed ICU pop-
ulations for both procalcitonin and CRP
(16–19).

As with any clinical diagnostic test
or marker of disease severity, the most
useful tests will have high degrees of
reproducibility, availability, and objec-
tivity. Ideal markers of disease would
also be rapid, inexpensive, and directly
related to the underlying pathophysio-
logic process. Finally, an ideal marker
of infection or sepsis should be proven
beneficial when employed in medical
decision making. Although the equip-
ment necessary for measurement of the
BPW is not widely used, the test itself
seems to be reproducible, rapid, inex-
pensive, and linked to another common
laboratory test. It remains to be deter-
mined what specific mechanism in sep-
sis produces an abnormal BPW and if
the BPW has reliable clinical utility for
determining risk, prognosis, or treat-
ment in sepsis patients. At a minimum,
BPW analysis should now be absorbed
into the growing list of potentially use-
ful markers of sepsis that warrant fur-
ther study.

Karl Thomas, MD
Department of Internal Medicine
University of Iowa
Iowa City, IA
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Pharmacokinetic and pharmacodynamic research in the intensive
care unit: An unmet need*

V ery few drugs commonly used
in the intensive care unit (ICU)
have been specifically developed
for use in the critically ill. Most

dosing regimens employed in the ICU are
based on extrapolation from clinical trials
involving non-ICU patients or healthy vol-
unteers, rather than systematic drug devel-
opment experiments in the critical care set-
ting. The inherent assumption underlying
this extrapolation is that the pharmacoki-
netic (PK) variables and pharmacodynamic
(PD) responses are similar between non-
ICU and ICU patients. However, it is well
known that the PK properties of many
drugs are altered in critically ill patients
due to a number of potentially interacting
physiologic factors, including dynamic
changes in volume status, plasma protein
binding, and end organ function (1–5). Bio-
availability after nonsystemic routes of ad-
ministration may also be adversely affected
in critically ill patients (4). These PK alter-
ations lead to unpredictable and variable
exposures to commonly used drugs when
administered at currently recommended
doses in the critically ill. Although even less
well studied, the PD response to any given
drug exposure may be highly variable in
ICU patients possibly due, for example, to
down-regulation of receptors, altered pos-
treceptor responses, and underlying physi-
ologic alterations secondary to sepsis and
inflammation (5, 6).

Additional research to define PK/PD
models for common drugs in the ICU is
necessary to provide tools to quantitatively

describe drug concentrations and subse-
quent responses after administration of dif-
ferent doses to patients with diverse con-
comitant drugs, underlying diseases, and
severities of illness. The clinical application
of these tools in the ICU offers the potential
to improve therapeutic response, drug
safety, and patient outcomes (7). Due to the
complexity and heterogeneity of critically
ill patients, models that can accommodate
input from multiple nonlinear systems,
such as artificial neural networks, are likely
going to be required (8).

In this issue of Critical Care Medicine,
Dr. Vincent and colleagues (9) report the
first PK/PD study of recombinant human
erythropoietin (rHuEPO, epoetin alfa) in-
volving critically ill patients. Despite the
uncertainty about the clinical or economic
value of rHuEPO in the critically ill (10–
12), the adoption of this therapy into rou-
tine clinical practice is widespread. The
dose of rHuEPO most commonly em-
ployed, and administered in the current
study, is a fixed dose of 40,000 IU given
subcutaneously once weekly. This dose and
administration schedule was extrapolated
from clinical trials involving non-ICU pa-
tients and healthy volunteers (10). The cur-
rent study is potentially relevant because
defining a valid PK/PD model in the criti-
cally ill may permit a dose-individualization
approach to maximize PD response, poten-
tially improve clinical outcomes, and in-
crease the cost-effectiveness of this expen-
sive treatment.

Dr. Vincent and colleagues (9) en-
rolled a total of 73 mixed-ICU patients in
a prospective, double-blind, randomized
(2:1), placebo-controlled study. PK data
after at least one dose of rHuEPO was
reported for 68 patients (24 placebo, 44
rHuEPO), and PD end points were pre-
sented for 54 patients (18 placebo, 36
rHuEPO). Their sampling strategy pro-
vided detailed plasma erythropoietin con-

centrations after the first (n � 44) and
second dose (n � 32) in the rHuEPO
group and, in the placebo group, over the
2-wk period (n � 24). PD end points
including hemoglobin, red blood cells,
and reticulocyte indices were measured
at baseline and weekly for up to 4 wks,
and at day 42 when possible. The sample
size and sampling strategy provided a rel-
atively rich PK data set and a more sparse
but valuable PD data set.

Unfortunately, the PK/PD analysis of
the data from the current study makes
only a limited contribution to our under-
standing of the PK/PD properties of
rHuEPO in the critically ill. Dr. Vincent and
colleagues (9) utilized a simple SHAM
(slope, height, area, and moment) analysis
utilizing noncompartmental techniques.
More sophisticated PK models for rHuEPO
reveal relatively complex PK behavior with
dual first and zero-order absorption pro-
cesses after subcutaneous administration.
The prolonged terminal phase of the con-
centration vs. time curve after subcutane-
ous administration is primarily due to con-
tinued first-order absorption and not the
elimination of rHuEPO (flip-flop kinetics)
(13, 14). The bioavailability of rHuEPO is
dose dependent, with greater bioavailability
at higher doses (14). The clearance of
rHuEPO has been defined using both linear
and nonlinear models (13–15), and which
clearance model may be most applicable to
critically ill patients is unknown. At a fixed
dose of 40,000 IU, the weight-adjusted dose
ranged from 360 to 1000 IU/kg, which
likely led to inconsistent bioavailability and
the potential for dose-dependent clearance
across the study sample (9). The PK vari-
ables of rHuEPO are not likely to be well
characterized using the authors’ noncom-
partmental SHAM analysis because one of
the underlying assumptions, linearity, is
probably inappropriate for this drug, and
even if this issue is insignificant, the au-
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thors’ methods were improper. The inves-
tigators were unable to define the terminal
slope of the concentration vs. time curve
for 10 of 32 patients after the second dose of
rHuEPO, leading to a limited reporting of
the available PK data. The authors elected
to not adjust for the contribution of endog-
enous erythropoietin to the PK profile of
rHuEPO, despite the placebo group data
suggesting that the endogenous hormone
contributes approximately 20% to the area
under the curve (AUC) (9). Also, the avail-
ability of the placebo data may have allowed
a better characterization of the endogenous
erythropoietin contribution than the as-
sumption of zero-order input used in pre-
vious models (13, 14).

The authors did not analyze the avail-
able PD data using either direct or indi-
rect effects models to characterize the po-
tential relationships between individual
patient rHuEPO (or endogenous erythro-
poietin) exposure and the response of PD
end points. The red blood cell and hemo-
globin end points were presumably affected
by bleeding events and transfusions, so the
reticulocyte indices were the only useful
PD end point. The investigators standard-
ized rHuEPO exposure data to a single av-
erage time interval (446 hrs), despite indi-
vidual patients receiving anywhere from
two to four doses of rHuEPO, and then
reported the relationship between this ad-
justed AUC for rHuEPO and the AUC for
reticulocyte indices using a linear graphical
presentation. It was unclear if the time in-
terval for the adjusted AUC for rHuEPO and
AUC for reticulocyte indices were the same.
There was no formal analysis of this rela-
tionship. Because published PD models de-
scribe a nonlinear relationship between
rHuEPO exposure and PD response and the
development of tolerance with continued
rHuEPO exposure (13, 14), a simple linear
plot is unlikely to correctly characterize the
relationship between AUC for rHuEPO and
PD response. A far more appropriate and
informative analysis could have been
achieved using nonlinear mixed-effects re-
gression, also called population PK/PD
analysis (13, 14, 16).

If on-going research is able to demon-
strate that rHuEPO positively affects pa-
tient outcome, future studies will need to
define the most relevant PD parameters
because rHuEPO may have beneficial ef-
fects beyond erythropoiesis, including
modulation of apoptosis, inflammatory
responses, and vascular autoregulation in
critically ill patients (17). In addition, the
erythropoietic response in ICU patients
may be affected by alterations in iron

metabolism associated with critical ill-
ness and inflammation that may need to
be measured and incorporated in a com-
prehensive PK/PD model (18).

The ICU is an environment of inten-
sive monitoring of physiologic variables,
and we believe that the ICU should also
be an environment for intensive monitor-
ing and individualization of drug therapy
through the application of PK/PD princi-
ples with the goal of maximizing the clin-
ical response and safety of drug therapy.
The first step in realizing this goal is
research defining valid PK/PD models for
selected drugs in complex ICU patients.
Generating adequate PK/PD data sets in
critically ill patients is expensive and lo-
gistically difficult, so it is imperative that
appropriate analysis and modeling of the
data are performed to maximize our un-
derstanding of the factors affecting PK
variables and PD responses. If adequate
PK/PD models are defined, the effect of
adaptive feedback control to optimize the
attainment of defined PD targets on pa-
tient outcomes will need to be evaluated.
The current practice of using “borrowed”
or “one-size-fits-all” drug regimens for
complex, critically ill patients is unlikely
to achieve optimal outcomes.
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Permissive hypercapnia: Does a high PaCO2 level require high
sedative doses?*

Despite recent advances in se-
dation protocols and thera-
peutic strategies to prevent
oversedation and decrease

sedative use (1, 2), sedative and analgesic
requirement vary considerably according
to age, weight, and other clinical condi-
tions. It may also vary according to sev-
eral therapeutic interventions. In this is-
sue of Critical Care Medicine, Dr. Vinayak
and colleagues (3) assessed sedative re-
quirements in patients within the first 72
hrs of receiving mechanical ventilation
with or without the use of permissive
hypercapnia. They rigorously evaluated
existing data on 124 patients who had
randomly received either propofol or mi-
dazolam as part of a previous study com-
paring daily interruption of sedatives to
standard sedation. In the present study,
the effect of important variables, includ-
ing age, weight, presence of renal or he-
patic failure, and level of sedation, on
propofol and midazolam doses was ana-
lyzed. Permissive hypercapnia was used
in ten of the 60 patients who received
propofol and 13 of the 64 patients who
received midazolam. Eighteen of these 23
patients had acute respiratory distress
syndrome (ARDS). The influence of per-
missive hypercapnia on doses of propofol
and midazolam was also assessed.

Among the propofol-treated patients,
higher propofol dose was independently as-
sociated with younger age and permissive
hypercapnia, although the relatively small
sample size may have masked the role of
other important variables. Whereas the im-
pact of age on sedatives requirements is a
common finding (4), the association be-
tween permissive hypercapnia induced by a
low tidal volume strategy and sedative
doses has been recently questioned. In two

post hoc analyses of patients enrolled in
two participating centers in the ARDS net-
work trial (5, 6), sedative dose was similar
in ARDS patients whether high or low
tidal volume was used. Why do the results
of the present study differ? First, the
number of patients treated with propofol
in the two single-center analyses was low
(�20 in each study, compared with 60 in
the present study), which may have oc-
culted a potential association between
low tidal volume and propofol dose. Sec-
ond, PaCO2 level in permissive hypercap-
nia patients was 54 mm Hg in the study
by Dr. Vinayak and colleagues (3),
whereas among patients in the low tidal
volume group in the ARDS network,
PaCO2 levels were about 10 mm Hg lower.
This finding suggests that among pa-
tients with ARDS, those with a high PaCO2

level might thus require more propofol.
Several factors might contribute to the
higher propofol dose in these patients.
Patients with severe ARDS and permis-
sive hypercapnia are often considered to
require strict adaptation to the ventilator
to provide adequate oxygenation and
avoid high intrathoracic pressure. Al-
though slight overtaking of the ventilator
respiratory rate setting by the patient and
use of inspiratory or expiratory muscles
are acceptable in many mechanically ven-
tilated patients, these factors would be
considered undesirable by most physi-
cians treating patients with ARDS. Fur-
thermore, to maintain this strict level of
adaptation to the ventilator, higher seda-
tive doses may be required in patients
with permissive hypercapnia due to hy-
percapnia-induced increase in respiratory
drive.

In patients receiving midazolam,
permissive hypercapnia did not influ-
ence midazolam dosage. It is possible
that, unlike propofol dose, midazolam
dose does not need to be increased in
patients with low tidal volume, regard-
less of whether PaCO2 level is main-
tained in the normal range (5, 6), or, as

in the present study, is significantly
higher than the normal value. However,
the results of the multivariate analysis
of factors influencing midazolam dos-
age may have been weakened somewhat
by the inclusion of morphinics dose in
the statistical model. This was the only
variable significantly associated with
midazolam dose. Since it is current
practice that prescription of midazolam
is closely “coupled” with administration
of opioid analgesics, as pointed out by
the authors, the particularly strong as-
sociation between use of midazolam
and morphine might have masked other
relevant associations.

The important finding suggesting
that permissive hypercapnia requires
higher doses of propofol raises several
important questions for the clinician.
High doses of propofol expose patients
to arterial hypotension and hypertri-
glyceridemia (7), and increased seda-
tives dosage leads to abnormally pro-
longed duration of mechanical
ventilation (8). Addressing these ad-
verse events would help physicians to
decide whether high propofol doses rep-
resent a real clinical problem at the
bedside and whether other sedative
drugs should be preferred in the per-
missive hypercapnia setting. Although
in the study by Dr. Vinayak and col-
leagues the propofol dose was signifi-
cantly higher in patients with permis-
sive hypercapnia than in those without,
it was well below the dose described in
both children and adults (�5 mg/kg/hr
for �5 days) for propofol-induced syn-
drome (9), suggesting that patients in
the present study were not at particu-
larly high risk of propofol-induced syn-
drome. It would also be useful for the
clinician to know the extent to which the
level of hypercapnia could be reduced in
some patients, thereby allowing for lower
propofol dosages. Finally, the findings by
Dr. Vinayak and colleagues raise the un-
derlying question of the sedation strategy
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in patients with ARDS. What level of pa-
tient-ventilator dyssynchrony is accept-
able, particularly when gas exchange and
pulmonary pressure goals are reached?
Should higher doses of opioid analgesics
be used to control the high respiratory
drive frequently present in ARDS pa-
tients? When dyssynchrony persists in a
nonreactive sedated patient, should seda-
tives and opioids be further increased or
should neuromuscular blockers be used
early—an important question given that
unnecessary high doses of sedatives and
neuromuscular blockers both carry the
risk of delayed weaning and prolonged
mechanical ventilation? The study by Dr.
Vinayak and colleagues is a step forward
in identifying clinical issues that affect
achieving optimal sedation strategy in
patients treated with permissive hyper-
capnia, and it opens the way for further
investigation.

Bernard De Jonghe, MD
Réanimation Médico-

Chirurgicale
Centre Hospitalier de Poissy
Poissy, France
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Do intensive care unit patients have intensive care unit physicians?
Unfortunately not*

T he last 10 yrs have seen an
explosion in critical care re-
search. Newer therapies for
sepsis, improved ventilator

management and organ support, and ag-
gressive approaches to resuscitation have
the potential to improve outcomes, de-
crease morbidity, and save lives (1). But
who will apply this evidence at the bed-
side in the intensive care unit (ICU)?
Based on the results of the survey by Dr.
Parshuram and colleagues (2) in this is-
sue of Critical Care Medicine, it seems
likely that this care will often not be
provided by a physician. Dr. Parshuram
and colleagues (2) describe the results of
a survey of Canadian ICU directors. They
note that nearly half of ICUs lacked ded-
icated in-house physician coverage after
standard duty hours. In many cases, the

most senior physician in the ICU when
one was present was a resident. This res-
ident often had responsibilities outside
the ICU and worked shifts that were long.
More important, nearly nine of ten ICUs
operated outside the recommendations of
the Society of Critical Care Medicine
(SCCM) staffing guidelines. Interestingly,
institutions with larger ICUs were more
likely to have physician coverage during
nonstandard hours. Pediatric ICUs, in
contrast to adult ICUs, had more exten-
sive physician staffing.

These estimates seem bleak, but the sit-
uation may be better than in the past. A
conservative estimate from the early 1990s
suggested that only 5% of ICUs in the
United States had full-time attending phy-
sician ICU coverage 24 hrs a day (3). In a
recent analysis of the COMPACCS study, we
found a similar proportion in the late 1990s
(4). In contrast, Dr. Parshuram and col-
leagues estimate the presence of full-time
intensivists in 15–20% of ICUs. Of course,
there is no particular reason to believe
that ICU physician staffing should be in
parallel in Canada and the United States,
and even if 15–20% is an accurate esti-
mate for both countries, it will still be a

long time at current growth until all ICUs
are staffed by intensivists. The bad news
does not end there: With the aging of the
baby boomers, we are now entering a
period of almost exponential growth in
the number of individuals likely to need
ICU services. Without draconian change
in the workforce, by 2020, we will fall far
short in our ability even to provide the
current level of care, let alone increase
the access for the critically ill to inten-
sivists (5).

So, what are our options as individual
intensivists and as an organized profes-
sional society? There are probably a num-
ber of things that could be done in parallel.
We can certainly gather more detailed in-
formation on the current workforce alloca-
tion across institutions. With initiatives
such as Leapfrog, there could have been
important changes in the last 10 yrs since
COMPACCS. As a matter of policy we can-
not determine how to emerge from the
present intensivist deficit without know-
ing its extent and geographic distribu-
tion. Second, we need to conceive of the
shape and size of the “optimal” workforce
allocation. Hence we must study how var-
ious staffing patterns and schemes affect

*See also p. 1674.
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outcomes. Quite possibly, the appropriate
staffing model for enhancing outcomes
may vary based on the patient case mix
and severity of illness. Intensivist staffing
is a well-studied organizational variable
in health care, but the study designs have
often been less than ideal, and we have
little information on the mechanism by
which intensivists might improve out-
come (6). In short, since we do not have
a surfeit of clinicians for ICUs, we must
decide where they are needed most and
how to replace them if not available. The
lack of high-quality research into these
questions hampers any attempt to make
specific policy recommendations.

But the lack of robust data should
probably not be used as justification for
inactivity. There are a number of empir-
ical observations, or principles, that one
might make, or endorse, without further
research. To wit, patients who are criti-
cally ill should likely be cared for by cli-
nicians who are able to respond in a
timely manner and who have the requi-
site skill to respond appropriately. Access
to such clinicians, and the accompanying
health care resources, should likely be
based on clinical grounds, and not on
other patient characteristics such as race,
gender, locale, or socioeconomic status.
If we embrace these notions, and place
them above other priorities, then a num-
ber of consequences ensue.

First, because there are not enough
intensivists to go around, patients need
to be moved to the intensivists based on
clinical need. One approach to solve this
dilemma is regionalization (7). Nascent
efforts are already underway in this area.
SCCM has proposed levels of ICUs based
on capabilities, and the next steps would
be to match patients to levels and launch
accreditation programs. Precedents for
this model exist in trauma and neonatal
intensive care. However, the barriers are
considerable, including reimbursement
issues and regulatory hurdles. These is-
sues, though, can be addressed through
more extensive research into this topic
and through a dialogue between physi-
cians, institutional representatives, and
policy makers.

Second, also because of our shortage,
we need to train nonintensivists in the
“first aid” of intensive care. Again, there are
nascent efforts in this regard, with a vari-
ety of efforts, such as Fundamentals of
Critical Care Support, to provide rudi-
mentary intensivist skills. Trauma is
again a precedent—the Advanced Trauma
Life Support courses do not convert non-

trauma surgeons into trauma surgeons,
but they help promote standard, safe
early triage and management of the
trauma victim before that person reaches
the right site for definitive care.

Finally, novel staffing paradigms must
be created. Expanding reliance on non-
physician health care professionals could
be key to plugging the gap in ICU cover-
age. Advanced care nurse practitioners
and physicians’ assistants can and should
assume an expanded role in ICU care.
With appropriate training, these individ-
uals can supervise the care of ICU pa-
tients. The ICU remains a key area for the
training of young physicians, but with a
shorter trainee work week, it does not
seem likely that residents should be ex-
pected to share as much of the ICU cov-
erage as in previous years. Telemedicine
represents another resource to help ad-
dress the staffing supply. As noted previ-
ously, tools for replacing intensivists and
for augmenting the currently available
supply of intensivists are needed now.
Several reports have shown how telemedi-
cine in the ICU can enhance patient out-
comes through closer monitoring of pa-
tients and direction of nurses (8, 9).
Irrespective of one’s personal beliefs about
telemedicine, it is accessible and available
now. It has limitations, imperfections, and
acquisition costs, but we hope it can con-
tinue to evolve as a technology.

There are other efforts that we might
consider. For example, at present in the
United States it is difficult to recertify in
medical critical care if one is also boarded
in another medical subspeciality without
first taking the recertification examina-
tion for the “primary” subspeciality. In
such an environment, how can one con-
clude anything but that critical care is
“secondary”? Moreover, we as intensiv-
ists, whether primarily as surgeons, as
anesthesiologists, or as internists, should
push for a uniform certification process
in critical care. Becoming more homoge-
neous as a group will reinforce the mat-
uration of critical care medicine. To sup-
port this endeavor, perhaps even the
SCCM should abandon an organizational
scheme that forces us to dichotomize
ourselves and, in turn, should adopt a
structure based on our interests (e.g.,
sepsis, mechanical ventilation, etc.)
rather than our training.

In the words of the poet Robert Frost,
we have miles to go before we sleep. Phy-
sician staffing is a pressing issue for the
ICU. If we do not own and address this
problem, others, less dedicated to our pa-

tients, will dictate policy. For both our
profession’s sake and for our patients, we
need to move forward aggressively and
institute change within our professional
organizations, our ICUs, and our society.
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Family satisfaction from clinician statements or patient-provider
concordance?*

I n this issue of Critical Care Medi-
cine, Dr. Stapleton and colleagues
report (1) on clinician statements
and family satisfaction with family

conferences in the intensive care unit. This
article reports audiotaped and analyzed
family meetings, looking specifically at
which statements and behaviors were asso-
ciated with family satisfaction. The three
main findings of this study are the associ-
ation with the following statements and
family satisfaction: a) assurances that the
patient will not be abandoned before death;
b) assurances that the patient will be com-
fortable and will not suffer; and c) support
for family’s decision about end-of-life care,
including support for the family’s decision
to withdraw or not withdraw life support.
These authors should be commended on this
area of research, as research on communica-
tion at the end of life in the intensive care unit
is a necessary area of study (2). In addition,
the majority of patients who die in an inten-
sive care unit do so after decisions have been
made to limit technological support (3).

The significant concern of the patient
being abandoned before death should be
incorporated into our family discussions. In
my experience, the fear of abandonment is
a common concern in end-of-life care and
palliative care. This is one reason why it is
essential to discuss withdrawal of techno-
logical support, rather than withdrawal of
care or withdrawal of support. Families
must perceive that their loved one will con-
tinue to get high-level care. In palliative
care, we sometimes refer to aggressive
comfort care, so families understand how
comfort is a chief priority. It is not about
giving up or abandoning the patient but
rather refocusing goals on aggressive com-
fort care (4). This approach incorporates
the first two findings of the study, about

not abandoning the patient and ensuring
comfort. This approach also avoids the di-
chotomy between palliative care and ag-
gressive care, by discussing aggressive pal-
liative care to relieve symptoms of
suffering. Palliative care needs to be incor-
porated into the intensive care setting (5,
6). In addition, if a family chooses to sus-
tain technological support in a futile situa-
tion, the physicians should still respond to
and treat symptoms of pain and suffering
(7). This is supported by the family satisfac-
tion associated with the statement that the
patient will be kept comfortable, irrespec-
tive of what decision is made by the family.

The strengths of this study include the
audiotaping of the family meetings. This
diminishes recollection bias, as the re-
sults are not based on the memory of the
clinician or the family members. In addi-
tion, the use of grounded theory to ana-
lyze the transcripts to identify specific
themes and statements associated with
family satisfaction is a strength. Good
communication is essential when making
decisions about end-of-life care, which is
why this is a crucial study (8). End-of-life
literature has very few examples of how to
improve family communication, other
than previous reports from these authors
(9). Previously, they have reported that
giving family members an opportunity
to share their viewpoints will provide
greater family satisfaction (10).

The weaknesses of this study include the
low participation rate and high concor-
dance of patient provider race. The partic-
ipation rate was 51 of 111 families, of which
17 were excluded by physicians and nurses,
two were excluded for risk management
reasons, 24 were excluded because family
members refused to speak with study per-
sonnel, and 17 were excluded because fam-
ily members declined participation after
discussing it with study personnel. That 19
of 111 were excluded by hospital personnel
is concerning for selection bias, as any po-
tential disgruntled family members were
not even approached and invited to partic-
ipate in the study. The family members
who agreed to participate may be those who

already had a high satisfaction level with
the care their family member was receiv-
ing, thus introducing another potential
level of selection bias. An additional level of
selection bias is the impact of study partic-
ipation on the physician’s behavior. Physi-
cians who agreed to participate in the
study, with full knowledge they were being
audiotaped, may have gone out of their way
to reassure the family about any concerns
they have. This is a “best behavior” selection
bias, as physicians may have altered their
practice in hopes of higher family satisfaction.

The high patient-provider concordance
may affect the high level of family satisfac-
tion. In this study, 86% of physicians were
white and 81% family members were
white, which is a high level of concordance.
In addition, no race/ethnicity data were
presented on those who refused participa-
tion, which may be meaningful. The homo-
geneity of the patients is a significant fac-
tor, as racial/ethnic minorities are less
likely to have advanced directives and thus
are more likely to have their family mem-
bers making decisions without prior knowl-
edge or discussion of wishes (10). Other
studies examining health care disparities
have reported the important role of cul-
tural differences in end-of-life care and pain
management (11, 12). Had there been
more of a racial/ethnic mix, then we may
have been able to interpret the clinician
statements and behaviors independent of
the role of race/ethnicity. Racial/ethnic mi-
norities are also less likely to use palliative
care and hospice services (13). This study
needs to be interpreted in light of the high
patient-provider concordance, as it may not
be generalizable to those who are racial/
ethnic minorities.

This significant study gives clinicians
specific behaviors and phrases to use when
discussing end-of-life care in the intensive
care unit. All physicians will benefit from
incorporating the key phrases of nonaban-
donment, treating pain and suffering, and
support for the families’ decision. The im-
portance of minimizing suffering is inde-
pendent of decisions about foregoing life-
sustaining medical technology; thus, it is

*See also p. 1679.
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paramount that palliative care be incorpo-
rated into intensive care, regardless of deci-
sions to forego life-sustaining technology.

K. Sarah Hoehn, MD, MBe
University of Chicago
Chicago, IL
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End-of-life variations around the world: Can we improve our caring?*

Care of the dying patient is an
inevitable reality in intensive
care. Debates on end-of-life
decisions and practices are in-

creasing and are gaining importance
around the world, but these are influ-
enced by legal, cultural, social, and reli-
gious factors. Different societies have de-
veloped different approaches and laws to
help guide end-of-life decisions.

End-of-life decisions are very common
and have been reported mostly from inten-
sive care units and hospitals (1–9). There
have been variations between countries in
end-of-life practices (cardiopulmonary re-
suscitation, withholding or withdrawing
life-sustaining treatments, active shorten-
ing of the dying process, and active eutha-
nasia) and discussions with patients, fami-
lies, and other caregivers (4–9). Differences
have been demonstrated to be related to
legal, cultural, religious, and social factors
(4–9). Although patient preferences may
shape end-of-life practices in some
countries, the North American autono-
mous approach to the patient-physician

relationship (10) differs from the Euro-
pean paternalistic path (4, 8, 9).

The study by Dr. van Delden and col-
leagues (11) of do-not-resuscitate (DNR)
decisions for nonsudden deaths in six Eu-
ropean countries provides another impor-
tant contribution to the area. It provides
countrywide data for individuals aged one
or older, including new information for
people not hospitalized or in institutions.
DNR decisions were diverse and highest in
hospitals (19–86%) but also common out-
side of the hospital (13–62%). It is impor-
tant for intensivists to recognize that end-
of-life decisions do not only occur in
intensive care units. The study also pro-
vides data on changes during the years
studied. There was great variation in auton-
omous decision making by competent pa-
tients: 10–85% patients agreeing with
DNR, 14 – 67% families agreeing, and
1–27% neither patient or family agreeing.
For incompetent patients, 5–37% of DNR
decisions were made without relative in-
volvement. Institutional DNR decisions (in-
stitutional rule not to resuscitate any pa-
tient) were made without any patient
involvement in 5–22% of nonsudden
deaths. The fact that DNR decisions are
made by many healthcare professionals im-
plicitly and not explicitly is troublesome.
The study would have been even more helpful
if it provided data on differences in other
limitations including mechanical ventilation,
nutrition and fluids, and active shortening of
the dying process and active euthanasia.

There has been an increase in the inci-
dence of end-of-life limitations, patient in-
volvement, and communication during the
last several years (2, 11). These changes
may be related to new laws, guidelines,
greater religious flexibility, physician edu-
cation, and increased public awareness to
these issues, including the importance of
advance directives. Similar changes in
practice may occur in different countries
at different rates or not at all, depending
on these and other factors.

Changes certainly occur with new stat-
utes and court decisions. Interestingly, a
new Law for the Dying Patient was just
passed by the Israeli Parliament (12). The
law was developed after a multidisciplinary
committee, including representatives of
most sectors within the society, achieved a
broad consensus. The law balances the
value of life and patient autonomy, based
on the value system of Israel as a Jewish
and democratic state, determining the
boundaries between prolonging life and
avoiding suffering. The law provides ex-
plicit mechanisms for issues that were pre-
viously unaddressed in Israel and remain
unclear in many countries. These include
mechanisms for autonomous individual de-
cision making with legally binding advance
medical directives and/or the appointment
of a surrogate decision maker, a national
bank of advance medical directives, a citi-
zen’s right to receive palliative care, lucid
directives of a physician’s responsibilities
toward the dying patient, clear guidance for
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doctors to know what is permitted or not,
and resolution of disputes including the
innovative establishment of a National Eth-
ics Committee composed of experts in all
relevant fields. As religion and culture play
important roles in end-of-life practices in
Israel (13), as they do in several other coun-
tries (4–6, 8), the law prohibits stopping
continuous life-sustaining therapies (such
as a ventilator), because this is viewed as an
act that shortens life. It does allow stop-
ping intermittent life-sustaining treat-
ments (antibiotics or dialysis). As the
continuation of an unwanted ventilatory
therapy may prolong suffering, the law
enables doctors to change the ventilator
from a continuous therapy to an inter-
mittent one, by using a timer that allows
the ventilator to stop periodically (14).
Although the new law may not be appro-
priate for other countries with different
cultures, such a process with consensus
development and the explicit mecha-
nisms to help dying patients may give
useful insights to other countries.

The large variations in end-of-life prac-
tices around the world (4–9) or even in the
same city (15) point to the lack of consen-
sual guidelines for end-of-life care. Consen-
sus recommendations for intensive care
unit end-of-life decisions have been devel-
oped for individual countries (10, 16–18).
Although there are many differences be-
tween attitudes and practices among phy-
sicians around the world, there are more
similarities. National and international crit-
ical care societies are now involved in a new
initiative in �35 countries to provide such
a worldwide consensus entitled “Consensus
Guidelines for Worldwide End of Life Prac-

tice for Patients in Intensive Care Units:
WELPICUS.” We hope that the develop-
ment of worldwide standards and guide-
lines will lead to better and more consistent
care with a greater regard for patient de-
sires and beliefs.

Sigal Sviri, MD
Charles L. Sprung, MD, FCCM

Medical Intensive Care Unit
Department of Medicine
General Intensive Care Unit
Department of Anesthesiology

and Critical Care Medicine
Hadassah Hebrew University

Medical Center
Jerusalem, Israel
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Managing pain and agitation in the critically ill—Are we there yet?*

Historically, pain and agita-
tion have been inadequately
managed in critically ill pa-
tients (1, 2). During the past

decade, there has been improving aware-
ness of the liabilities imposed by poor

management (3, 4). In fact, the number
of articles related to agitation and pain in
the ICU found by searching Medline has
nearly doubled during the past decade,
compared with the previous decade. In-
creased risks and costs associated with
inadequate treatment have been identi-
fied, including unplanned extubations
and line removals, longer intensive care
unit (ICU) stays and duration of mechan-
ical ventilation, and the even the likeli-
hood of developing posttraumatic stress
disorder (5–7). Pain and anxiety can con-
tribute to agitation (8). There are multi-
ple effective therapies available to man-

age pain, anxiety, and agitation. Despite
an increasing awareness of the negative
impact of these conditions, we have made
only small advances in the past decade.
The term therapies is intended in its
broadest context—medications; injec-
tions; topical agents; modalities such as
heat, cold, massage, or transcutaneous
electrical nerve stimulation; cognitive
therapies; and music. All have been
shown to provide potential benefit in pain
and/or anxiety conditions. The availabil-
ity of a wide range of treatment options in
conjunction with the recognized impor-
tance of adequate management provides a

*See also p. 1691.
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mandate to better understand, evaluate,
and manage agitation, pain, anxiety, and
delirium in the critically ill patient.

Efforts have been made to establish
practice guidelines (9). Yet, few studies
have attempted to evaluate the impact of
a systematic approach to evaluation and
treatment of pain and anxiety or any as-
sociated changes in outcomes (10–12). In
the current issue of Critical Care Medi-
cine, Dr. Chanques and colleagues. (13)
endeavor to do just that. The authors
used a two-phase prospective, controlled
design to assess current practice in a uni-
versity hospital ICU (control group). They
implemented an educational program
and, subsequently, a protocol for the
evaluation of pain and agitation. Dr.
Chanques and colleagues were able to
show a significant decrease in the num-
ber of severe events, as measured by the
numerical rating scale for pain and the
Richmond Agitation Sedation Scale for
agitation. The intervention group had
significantly more daily ratings for both
pain and anxiety than the controls. More
patients in the intervention group received
medications, but the duration of hypnotic
and analgesic infusions was significantly
lower. This suggests that regular assess-
ments resulted in more adjustments to
medication doses, both increases and de-
creases. The protocol led to a better match
between pain or anxiety levels and subse-
quent treatment. Perhaps, more impor-
tantly, the authors were able to document
clinically relevant outcome effects. There
were substantial decreases in nosocomial
infection rates as well as hours of ventila-
tion. Although the authors did not perform
an economic analysis, it takes little imagi-
nation of realize that this is a potentially
momentous finding.

One could question the assessment
tools used by Dr. Chanques and col-
leagues. Studies comparing various
scales including Richmond Agitation Se-
dation Scale, the Sedation-Agitation
Scale, the Behavioral Pain Scale, and oth-
ers have shown no clear advantage to a
particular instrument (14). Even bispec-
tral electroencephalographic analysis (BIS),
an expensive technology, offers no signifi-
cant edge (15). The most recent version
of this, BIS-XP, has shown better corre-
lations with the Richmond Agitation Se-
dation Scale and the Confusion Assess-

ment Method than has BIS 3.4 regarding
level of arousal, but BIS has been unable
to identify the presence or absence of
delirium (16).

I submit that the specific evaluation
tool is less important than the education
of nurses and physicians. Dr. Chanques
and colleagues have shown us that by
training nurses to recognize significant
events, educating physicians about eval-
uation and management of pain and agi-
tation, and defining a systematic method
for assessment and subsequent response,
the incidence of severe pain and severe ag-
itation could be significantly decreased. As
we continue to search for ways to provide
better care for our patients with ever
fewer resources, it becomes clear that we
cannot afford to continue to manage our
patients’ discomfort and distress in a ran-
dom manner. The incorporation of sys-
tematic education, evaluation, and man-
agement protocols for pain and agitation
should be a standard in all ICUs. How
often can we institute such a simple and
inexpensive intervention that can de-
crease the rate of nosocomial infections
by 50%? Do the math. The implications
are staggering. Using a simple assessment
process and education, Dr. Chanques and
colleagues have shown that attention to
pain and agitation coupled with appropri-
ate intervention can make a difference.
This article is a notable step toward the
goal of universal, effective pain and anx-
iety management for our sickest patients.

Robin J. Hamill-Ruth, MD
Anesthesiology and Critical

Care Medicine
Pain Management Center
University of Virginia Health

System
Charlottesville, VA
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Medical emergency teams: Are improved outcomes really like
day and night?*

Previous studies have shown
that �80% of in-hospital car-
diac arrests were preceded by
vital sign abnormalities (1). In

an effort to reduce these high mortality
arrest events, medical emergency teams
(METs) have been implemented in many
United States hospitals. Criteria for
MET calls have been developed, focusing
mainly on vital sign abnormalities and
neurologic change. Any hospital em-
ployee can make calls to the team when
there is concern that a patient may re-
quire intensive care or is at risk for im-
pending cardiac arrest. Usually composed
of a critical care physician, nurse, and
respiratory therapist, these teams serve
as a “precode” consult service, respond-
ing to the clinical changes often preced-
ing cardiopulmonary decompensation
and implementing interventions to re-
duce both morbidity and mortality due to
cardiac arrest.

The data demonstrating the impact of
METs in reduction of intensive care unit
(ICU) transfers and in-hospital cardiac ar-
rests are variable. Buist et al. (2) demon-
strated a 50% reduction in the incidence
of unexpected cardiac arrests when a
MET was used. In addition to showing a
reduction of in-hospital cardiac events,
Bellomo and colleagues (3) demonstrated
decreased ICU admissions, postoperative
death, and postoperative length of stay
when a MET system was implemented.
However, the 2005 data from the MERIT
study, the largest randomized controlled
trial evaluating the role of METs in re-
ducing in-hospital cardiac arrests, were
less convincing (4). The only statistically
significant difference between METs and
control hospitals was the number of calls
before unplanned ICU admission. In ad-

dition, the MERIT study demonstrated
that only 30% of calls were for patients
who fulfilled MET criteria or were even-
tually admitted to the ICU.

In this issue of Critical Care Medicine,
Dr. Galhotra and colleagues (5) examine
the role of time of day and day of week,
as well as patient monitoring, on MET
events and cardiac arrests. This study
raises an interesting question: Is there a
diurnal variation to MET calls as well as
cardiac arrests and, if so, is this related to
hospital staffing, patient monitoring, or a
combination of the two?

In this study, MET activation events oc-
curred more frequently during the day (be-
tween 7 am and 7 pm) in both monitored
and unmonitored units, with the highest
number of calls occurring on monitored
units (i.e., step-down units and telemetry
areas). The authors suggest this may be due
to the arrival of “fresh” medical personnel
in the morning and the detection of at-risk
patients who may not have been recognized
overnight. Overall, there was no diurnal
variation for cardiac arrests, with a mean
event rate of 2.93 per 100,000 beds per
hour (regardless of the time of day, day of
week, or the level of monitoring). Further
analysis assessed the role of monitoring on
MET events and cardiac arrests. There was
not significant variation in the diurnal na-
ture of the calls based on patient monitor-
ing, and the majority of MET events oc-
curred on monitored units, regardless of
the time of day. The greatest variation in
MET calls occurred on unmonitored units,
with the authors suggesting the existence
of a “sick hospital syndrome,” one in which
both staffing and monitoring capabilities
have an impact on the quality of patient
care. Within the ICU, there was no varia-
tion of either MET events or cardiac arrests
based on the time of day or day of week,
further suggesting that a higher level of
monitoring and staffing play a role in iden-
tification of at-risk patients.

The question posed by the authors has
significant implications for hospital re-
source allocation. However, there is no
discussion in this study of the outcomes

of the MET events. Whether MET events
are more frequent, but no more clinically
significant, during daylight hours is vital
in interpreting the significance of this
data. If the results of the study indicate
that more patients deteriorate during the
day, leading to ICU transfer and cardiac
arrest, then the results of this study in-
dicate a need for increased daytime re-
sources to care for these patients. On the
other hand, if daytime calls to the team
include patients who do not meet crite-
ria, then the findings imply the need for
further staff education. With the efficacy
of METs not yet fully established by avail-
able data, further research on this topic
should evaluate both the staffing impli-
cations of MET teams as well as the role
of METs in preventing patient decompen-
sation.

Medical emergency teams are increas-
ing in popularity in an effort to reduce
unexpected in-hospital cardiac arrests.
The conclusion of the current study is
that staff recognition of physiologic signs
of impending cardiopulmonary collapse
appears to be the most crucial compo-
nent of a successful MET program. With
improved staff education to correctly
identify patients at risk, unexpected in-
hospital cardiac arrests can be reduced.
Future research on interventions to im-
prove identification of at-risk patients
would facilitate determining the effec-
tiveness of the MET system in improving
patient outcomes. Until the effectiveness
of METs is supported by adequate data,
further research should be focused on
both the staffing implications of MET
teams and the role of METs in improving
patient outcomes.

Jennifer Needle, MD, MPH
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Division of Pediatric
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Beta-2–agonist treatment as a potential therapy for acute
inhalational lung injury*

Acute lung injury and adult respi-
ratory distress syndrome (ALI/
ARDS) are major causes of mor-
bidity and mortality in critically

ill patients who have been exposed to a
variety of direct and indirect pulmonary
insults (1). Clinically, patients with ALI/
ARDS present with bilateral lung infiltrates
and arterial hypoxemia in the absence of
clinical evidence for left atrial hypertension
(2). The only proven treatment that reduces
mortality in ALI/ARDS is a lung-protective
ventilation strategy with a low tidal volume
(6 mL · kg�1 · predicted body weight�1)
and a plateau pressure of �30 cm H2O (3).
However, some pharmacologic treatments
have demonstrated efficacy in preclinical
studies in animal models of lung injury,
including �2 adrenergic agonists (4, 5).

One cause of acute lung injury is in-
halation injury from smoke and associ-
ated toxic particles. In general, care for
these patients has been limited to sup-
portive measures with lung-protective
ventilation, judicious fluid management,
and appropriate use of antibiotics. How-
ever, a new experimental study in this
issue of Critical Care Medicine by Dr.
Palmieri and colleagues (6) suggests that
�2-agonist therapy may reduce the quan-
tity of lung edema after smoke inhalation.

In this study, Dr. Palmieri and col-
leagues (6) evaluated the effects of a neb-
ulized �2-agonist (albuterol) adminis-
tered to sheep with severe inhalation
injury from smoke. Anesthetized, instru-

mented sheep were given a 40% total
body surface area burn and then exposed
to smoke inhalation via a modified bee
smoker filled with 40 g of burning cotton
toweling attached to the tracheostomy
tubes. The sheep were then treated with
either saline nebulization or with contin-
uous nebulized albuterol at 20 mg/hr or
at 40 mg/hr albuterol. Another group of
control sheep did not receive smoke in-
halation or burns but received all the
same catheters and instrumentation as
the other three groups of sheep.

After the burns and inhalation injury,
the sheep remained ventilated with sup-
plemental oxygen for 48 hrs. Nebuliza-
tion was initiated 1 hr after the smoke
and burn injuries, and fluid resuscitation
was done following the Parkland formula.
Pulmonary hemodynamics, arterial blood
gases, airway pressures, and lung lymph
flow were measured. Animals were killed
48 hrs after the injury, and lung weights
and lung histology were done.

All of the sheep exposed to smoke had
a marked increase in peak and plateau
airway pressures consistent with both an
increase in airway resistance and the de-
velopment of pulmonary edema. The
peak and plateau airway pressures were
significantly decreased by approximately
30% with both doses of albuterol. Oxy-
genation as measured by the PaO2/FIO2

ratio and the pulmonary shunt fraction
were significantly improved by albuterol
at all the doses. The administration of
albuterol did significantly increase heart
rate in the sheep that received the 40-
mg/hr dose compared with the saline
group, but the other hemodynamic pres-
sures and the cardiac outputs were not
different between these two groups.

Perhaps most interestingly, the in-
crease in lung lymph flow, a measure of
transvascular fluid flux in the lung (7),

was significantly attenuated in the sheep
that received albuterol. Also, in the sheep
that received 40 mg/hr albuterol, the
lung permeability index, a measure of
lung endothelial permeability to protein
derived from the lymph flow and protein
concentration in the lymph, was signifi-
cantly decreased. The lung wet-to-dry
weight, a measure of pulmonary edema,
was significantly decreased in the sheep
that received either dose of albuterol. The
untreated sheep has an extravascular
lung H2O of 7.0 g H2O/g dry weight com-
pared with 5.8 g H2O/g dry weight in the
40-mg-albuterol dose and 6.6 g H2O/g dry
weight in the sheep treated with the
20-mg dose (p � .05 by analysis of vari-
ance).

Thus, treatment of acute smoke inha-
lation injury in sheep with a �2-agonist,
albuterol, resulted in improved lung phy-
siology as assessed by airway pressures
and oxygenation and also a reduction in
pulmonary edema, apparently in part by
reducing lung vascular permeability to
protein. The authors did not explore the
mechanisms by which albuterol reduced
lung vascular injury. There are several
studies that have reported significant
anti-inflammatory effects of �2-agonists,
including a decrease in the release of mast
cell mediators, a decrease in T-cell activa-
tion, and reduced neutrophil-mediated in-
jury (8). Furthermore, �-agonists increase
the resolution of alveolar edema by up-
regulating the transport of sodium and
fluid by several mechanisms, including an
increased sodium- and potassium-activated
adenosine triphosphatase activity and an
enhanced uptake of sodium by apical chan-
nels on lung epithelium (9).

The importance of this experimental
investigation by Dr. Palmieri and col-
leagues (6) is that albuterol is already
available and utilized in critically ill pa-

*See also p. 1719.
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tients and could be tested in patients with
ALI/ARDS. One recent small phase II trial
of 40 patients reported that intravenous
salbutamol (albuterol) can reduce lung
H2O in patients with ALI/ARDS, although
there were some patients who developed
supraventricular arrhythmias with the
intravenous administration of albuterol
(10). There is also evidence that use of an
inhaled �2-agonist can reduce the sever-
ity of high-altitude pulmonary edema in
subjects who are prone to develop it (11).
The results of this study also match stud-
ies of another inhalation injury model
from chlorine gas in which �2-agonists
reduced lung injury (12).

Because of the encouraging results
from experimental studies such as the
one by Dr. Palmieri and colleagues (6) in
this issue of Critical Care Medicine and
the favorable results in a small clinical
trial (10), the National Heart, Lung, and
Blood Institute ARDS Network is plan-
ning to conduct a large, multicenter, pro-
spective clinical trial to test the potential
efficacy of aerosolized albuterol in venti-
lated patients with ALI/ARDS. Albuterol
could be an effective treatment to reduce
pulmonary edema in patients with ALI/
ARDS, both by reducing formation of
edema and enhancing the resolution of
alveolar edema. However, an adequately

powered, double-blind, randomized clin-
ical trial is needed to assess this possibil-
ity before it can be recommended for
clinical use.

Jeanine P. Wiener-Kronish, MD
Michael A. Matthay, MD

Departments of Anesthesia and
Medicine

Cardiovascular Research Institute
University of California, San

Francisco
San Francisco, CA
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Do coagulation abnormalities contribute to sepsis associated
organ failure?*

Activation of coagulation cas-
cades has been postulated to
play a major role in contribut-
ing to morbidity and mortality

associated with severe local infection and
systemic sepsis. In these settings, endo-
thelial damage leading to microvascular
dysfunction was hypothesized to produce
altered tissue perfusion and local inflam-
matory responses that together resulted
in clinically significant organ dysfunc-
tion, such as acute lung injury. Several
agents with potent anticoagulant proper-

ties, including recombinant human acti-
vated protein C, tissue factor pathway in-
hibitor, and antithrombin, have been
examined in large clinical trials, with
only recombinant human activated pro-
tein C showing benefit, and then only in
patients with high risk of death. The
largely negative results associated with
interruption of coagulation cascades in
patient studies has brought into question
the importance of such pathophysiologic
mechanisms in producing organ dysfunc-
tion in critically ill patients.

The article by Dr. Rijneveld and col-
leagues (1) in this issue of Critical Care
Medicine provides further insights into
the possible association or lack thereof
between infection-induced coagulation
alterations and inflammation. In this

study, elevated levels of activated factor
VII (FVIIa), tissue factor, and thrombin-
antithrombin complexes (TATc) were
found in bronchoalveolar lavage fluid
from the infected segments of the lungs
in patients with pneumonia. Mice with
pneumococcal pneumonia also showed
increased tissue factor expression as well
as TATc in bronchoalveolar lavage fluid.
However, whereas inhibition of the tissue
factor pathway in Streptococcus pneumo-
nia-infected mice corrected coagulation
abnormalities in the lung, there was no
effect on mortality from pneumococcal
pneumonia or pulmonary inflammatory
responses, as determined by neutrophil
accumulation in the lungs or levels of
macrophage inflammatory protein-2 or
keratinocyte-derived chemokine, two

*See also p. 1725.
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murine CXC chemokines that are related
to interleukin-8, an important mediator
of pulmonary inflammation in human
acute lung injury. Interestingly, recent
studies with recombinant human acti-
vated protein C (rhAPC) showed similar
results, with rhAPC being able to affect
coagulation alterations found in the
lungs of human volunteers exposed to
pulmonary lipopolysaccharide, but with-
out modulating cytokine release (2, 3).
However, in those studies, rhAPC did de-
crease neutrophil accumulation into the
airspaces, apparently by inhibiting the
movement of neutrophils to proinflam-
matory mediators, such as interleukin-8.

Previous studies using animal models
of sepsis had shown that interruption of
tissue factor related events resulted in
improved survival and less organ system
dysfunction. For example, in baboons in-
fused with bacteria, administration of tis-
sue factor pathway inhibitor (TFPI), a re-
combinant protein that binds to activated
factors VII and X to block tissue factor
associated signaling, improved survival,
decreased circulating proinflammatory cy-
tokine levels, and diminished the severity of
organ injury compared with placebo-
treated animals (4, 5). Similar beneficial
effects were found in baboons treated
with anti-tissue factor antibodies in the
setting of bacteremia (6). However, TFPI
showed no effect on circulating cytokine
levels when given to humans exposed
to intravenous lipopolysaccharide, even
though it completely prevented the endo-
toxemia-induced coagulopathy (7). At
least one possible explanation for these
apparently disparate findings is that the
animal models in which TFPI or anti-
tissue factor antibodies showed efficacy
are characterized by the rapid develop-
ment of profound disseminated intravas-
cular coagulation. Evidence of dissemi-
nated intravascular coagulation is found
in almost all patients with sepsis and or-
gan dysfunction, as shown by increased
circulating levels of D-dimers and TATc,
as well as diminished concentrations of
protein C and antithrombin (8). However,
the degree of activation of coagulation
cascades in septic patients is generally
less than that present when animals are
treated with large infusions of bacteria or
high doses of lipopolysaccharide. The ef-
ficacy of such anti-tissue factor therapies
in the preclinical setting, but not in large
clinical trials, may therefore reflect the
selection of animal models that do not du-
plicate the pathophysiologic alterations
found in patients with severe sepsis.

The results of Dr. Rijneveld and col-
leagues take on additional significance in
the context of a large ongoing clinical
trial that examines the use of TFPI in
patients with severe pneumonia. Whereas
the phase III TFPI study was negative in
the overall group of enrolled septic pa-
tients (9), a retrospective analysis sug-
gested benefit in patients with a pulmo-
nary site of infection. In the past, such
subset analyses from sepsis trials have
not translated into positive results when
the group that appeared to respond to the
therapy was examined in a prospective
manner. The fact that inhibition of tissue
factor did not improve survival in a rele-
vant animal model of pneumonia raises
additional concern about the potential
therapeutic benefit of TFPI in this clinical
setting.

Tissue factor plays a primary role in
the initiation of the extrinsic coagulation
cascade, a series of events often associ-
ated with endothelial injury, as is postu-
lated to occur in sepsis. Although the
article by Dr. Rijneveld and colleagues
adds to the increasing evidence that ther-
apies able to block tissue factor may be
ineffective in sepsis, there is still reason
to believe that other approaches that
modulate coagulation, such as rhAPC,
may reduce inflammatory processes and
organ injury in this setting. An ongoing
question with rhAPC, however, is how
much of its benefit is really due to effects
on coagulation vs. other actions that are
entirely distinct from such properties.
Recent evidence indicates that rhAPC de-
creases neutrophil and monocyte chemo-
taxis through interaction with the same
receptor as had previously been described
on endothelial cells (endothelial protein
C receptor) (2, 10). This ability of rhAPC
to decrease movement of neutrophils to-
ward a proinflammatory gradient, such as
that established in the airways by release
of bacterial products during pneumonia,
has been shown to occur at relevant ther-
apeutic doses in humans exposed to pul-
monary lipopolysaccharide (2). Other
mechanisms induced by rhAPC that are
distinct from its anticoagulant effects,
such as induction of signaling through
protease activated receptor-1 on endothe-
lial cells, have been hypothesized to con-
tribute to its benefit in sepsis (11).

Although most therapeutic trials have
approached sepsis as having common
pathophysiologic events leading to organ
failure and contributing to mortality,
there has been growing appreciation of
the heterogeneity of signaling pathways

activated by severe infection. Peripheral
blood mononuclear cells from humans
demonstrate stable patterns of response
to lipopolysaccharide that result in a wide
spectrum of cytokine release and gene
expression profiles (12). Similarly, vary-
ing activation of the transcriptional fac-
tor nuclear factor-	B has been found in
patients with sepsis-induced acute lung
injury and is associated with outcome in
this setting (13). The diversity of cellular
responses in patients clinically character-
ized as being “septic” is likely to reflect
multiple genetic factors as well as the
differing microorganisms and sites of in-
fection in such patients. Given the likeli-
hood that differing cellular pathways are
activated in patients with severe infec-
tion, it is difficult to propose individual
therapies that may be of benefit for all
septic patients. Rather, an important fu-
ture direction in the treatment of sepsis
will be to identify specific pathways that are
activated in each patient and then to
choose therapies tailored to those cellular
alterations. Such an approach is presently
being used in oncology, where chemother-
apeutic regimens are based on tumor gene
array profiles. In teasing apart the multi-
plicity of cellular alterations that are likely
to lead to organ dysfunction in sepsis,
there may well be a role for tissue factor
inhibition in specific settings. However,
much additional future work will be nec-
essary to identify these situations.

Edward Abraham, MD
Department of Medicine
University of Alabama at

Birmingham
Birmingham, AL
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To breathe or not to breathe: Is spontaneous ventilation the
answer for acute lung injury?*

Hypoxemic respiratory failure
and the almost invariable
need for mechanical ventila-
tion characterize the early

presentation of acute lung injury (ALI)
and the acute respiratory distress syn-
drome. Although oxygenation, as a marker
of lung function, has not been shown to be
strongly predictive of mortality in early
ALI (1, 2), outcomes have been linked to
abnormal respiratory compliance and
deadspace (3). Furthermore, since the
greatest danger posed to patients with
ALI is the development of multiple organ
failure (4), establishing supportive venti-
lation modes that optimize hemodynamic
function and oxygen delivery remains a
worthy objective for research in this field.
The physiologic shunt that is responsible
for refractory hypoxemia in ALI is be-
lieved to be, at least in part, due to a
predominance of alveolar collapse within
the gravitationally dependent regions of
the lung (5) without a compensatory dec-
rement in perfusion to these regions.
Partial support modes of ventilation can
effectively help unload respiratory work-
load, while allowing for variable degrees
of spontaneous breathing (6), and have
been shown in previous studies to im-

prove aeration and ventilation/perfusion
(V̇A/Q̇) matching within dependent lung
regions (7). This latter effect is believed
to be due to more pronounced transpul-
monary pressures generated within de-
pendent lung regions by an actively mov-
ing diaphragm. Importantly, from a
translational perspective, studies have
also shown that noninvasive partial sup-
port ventilation can be used safely to treat
acute respiratory distress syndrome in
the clinical setting (8). Thus, it is impor-
tant to determine which partial support
modes best improve alveolar recruitment
and minimize shunt associated with
the typical supine positioning of these
patients.

In this month’s issue of Critical Care
Medicine, Dr. Henzler and colleagues (9)
present an elegant study comparing the
effects of pressure controlled mechanical
ventilation (PCV) with those of various
modalities of partial support ventilation
on breathing pattern, gas exchange, V̇A/Q̇
matching, and hemodynamic function in
pigs following saline-lavage lung injury.
This was a randomized crossover study,
in which PCV, pressure-controlled assist
ventilation (P-ACV), bilevel positive air-
way pressure (BIPAP), and pressure sup-
port ventilation (PSV) were each applied
in a random order, with equal inspiratory
and positive end-expiratory pressures.
The authors conclude that all partial sup-
port modes were superior to PCV in
maintaining oxygenation and hemody-
namic function with reduced overall se-
dation needs. Among the partial support
modes, only BIPAP resulted in a signifi-
cant reduction in shunt. PSV actually re-

sulted in greater deadspace ventilation,
due to more rapid and shallow breathing.
On the other hand, P-ACV preserved oxy-
genation and hemodynamic function with
deadspace comparable to that of PCV and
BIPAP. The finding of lower deadspace dur-
ing P-ACV compared with PSV was attrib-
uted to the time-cycled inspiratory phase of
P-ACV, which led to a more preserved in-
spiratory time and tidal volume.

Although the authors’ findings sup-
port anecdotal experience, there is lim-
ited available literature on sedation re-
quirements during partial support modes
of ventilation. Without defining the guide-
lines for sedation dosing, it is unclear
from the Methods section why PCV led to
higher sedation requirements than the
partial support modes. Curiously, al-
though all partial support modes were
associated with less sedation and im-
proved hemodynamics, this does not ap-
pear to have been due to an improvement
in cardiac function during spontaneous
breathing, as demonstrated in previous
studies (10). Although there was a trend
toward increased cardiac output during
partial support modes, this trend was
more the product of an increased heart
rate than an actual increase in stroke
volume. This suggests that the “preserva-
tion of hemodynamic function” during
partial support ventilation was primarily
due to the suppressive effects of sedation
on heart rate during PCV. The authors
point out that the partial support modes
resulted in lower mean pulmonary artery
pressure and pulmonary vascular resis-
tance when compared with that mea-
sured during PCV, and they imply that

*See also p. 1738.
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this was due to a reduction in mean
intrathoracic pressures during sponta-
neous breathing. This in theory should
result in improved cardiac filling and
hemodynamics. For unclear reasons,
however, these findings did not trans-
late into a significantly improved stroke
volume in this study. Importantly, pul-
monary hypertension is a known pre-
dictor of mortality in ALI (11). Al-
though it remains unclear whether this
represents a direct causal effect or is
simply a marker of advanced disease, it
has been shown that pulmonary hyper-
tension can lead to increased loading
and dysfunction of the right ventricle in
these patients (11, 12). Hence, the re-
duction in pulmonary vascular resis-
tance and mean pulmonary artery pres-
sure during partial support ventilation
may be this study’s greatest en-
dorsement for the use of these modes in
patients with ALI.

With respect to the central focus on
the study, the authors relate the im-
provement in oxygenation during par-
tial support ventilation modes to
changes in shunt and alveolar dead-
space by using the multiple inert gas
elimination technique. Interestingly,
all partial support modes resulted in
less shunt than during PCV, but this
only reached statistical significance
during BIPAP. However, it is unclear
why BiPAP only led to a modest redis-
tribution of perfusion from regions of
absolute shunt to regions of low V̇A/Q̇,
whereas preceding studies have demon-
strated a more dramatic increase in per-
fusion to regions of normal V̇A/Q̇ during
support with BiPAP (10). This discrep-
ancy could be due to the current inves-
tigators’ use of a saline lavage injury
model. This may have resulted in less
alveolar instability in gravitationally
dependent lung (13) when compared
with the oleic acid injury model that
was used to demonstrate the benefits of
spontaneous breathing in previous
work (7, 10). It is also interesting to
note that although BIPAP led to a de-
crease in shunt, presumably by recruit-
ing regions of dependent atelectasis,
breath sounds in the dependent regions
were not significantly improved during
this mode. Of course this incongruity
could simply represent a reduced sen-
sitivity of physical exam findings rela-
tive to that of PaO2 measurement and
the inert gas elimination technique.

Curiously, the primary conclusion of
the study is that “P-ACV preserves oxy-

genation and hemodynamic function
with less respiratory effort compared
with BIPAP and reduces the need for
sedation compared with PCV.” This
seems a somewhat biased endorsement
of P-ACV over BIPAP when the latter
was associated with the greatest im-
provement in PaO2, oxygen delivery,
and cardiac output and the greatest re-
duction in shunt. Admittedly some of
the improvement in oxygenation dur-
ing BIPAP was likely due to the in-
creased intrinsic positive end-expira-
tory pressure during this mode relative
to all others. Furthermore, the pressure
tracings and visual analog scale em-
ployed in this study demonstrated im-
proved patient-ventilator synchrony
and reduced work of breathing during
P-ACV relative to BIPAP. However, it is
unclear whether a reduction in work of
breathing, although a worthy objective,
is as important a goal as improved ox-
ygen delivery and hemodynamic func-
tion.

Regardless of the endorsement of
one partial support mode over another,
I believe this study makes yet another
important argument to reappraise the
traditional use of deep sedation and
controlled mechanical ventilation in
the support of patients with ALI. In fact,
if spontaneous breathing during partial
support modes reduces shunt by in-
creasing ventilation to the dependent
regions of the lung (7), then one must
reflect on whether spontaneous ventila-
tion could also help protect the lung
from added lung injury. Through the
promotion of more homogeneous aera-
tion, spontaneous ventilation may in
fact help achieve what recruitment
strategies are intended to accomplish:
improvement in oxygenation with at-
tenuation of added injury from regional
overdistention and prolonged alveolar
closure. Through the promotion of im-
proved oxygen delivery and regional
aeration, spontaneous breathing during
partial support ventilation could repre-
sent a means to prevent both multiple
organ dysfunction and ventilator-
induced lung injury. Considering the
demonstrated clinical benefits of daily
sedation interruption (14), the reduc-
tion in sedation requirements during
partial support ventilation in the
present study makes an even greater
case to further study the use of these
modes in patients with ALI.

Gilman B. Allen, MD
Department of Medicine
Division of Pulmonary and

Critical Care Medicine
University of Vermont
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Sepsis and stretch: Synergistic effects on alveolar epithelial cell
death?*

Acute lung injury (ALI) and adult
respiratory distress syndrome
(ARDS) are major causes of
acute respiratory failure in crit-

ically ill patients. There is recent evidence
that there are approximately 200,000 cases
per year in the United States alone, with a
mortality rate of approximately 40% (1).
Mechanical ventilation is a critical compo-
nent in the supportive treatment of ALI/
ARDS. However, it has been recognized in
both experimental and clinical studies that
higher tidal volumes and elevated airway
pressures exacerbate the underlying lung
injury. The most convincing evidence for
this conclusion derives from a multiple-
center, randomized trial in which ALI/
ARDS patients who received lower tidal vol-
ume ventilation (6 mL/kg predicted body
weight) and a plateau pressure limit �30
cm H2O had significantly improved survival
compared with patients who received a
higher tidal volume (12 mL/kg predicted
body weight) (2). The mechanisms that ac-
count for the deleterious effects of the
higher tidal volumes and higher airway
pressures that were commonly used in the
past have been the subject of several exper-
imental and clinical studies.

Excessive lung stretch can activate in-
tracellular pathways that lead to the pro-
duction of proinflammatory cytokines that
may worsen the severity of lung injury and
predispose to nonpulmonary organ dys-
function when there is systemic release.
Tremblay et al. (3) provided evidence that
mechanical ventilation could worsen
lung injury by up-regulating the inflam-
matory response in an ex vivo rat lung
preparation using endotoxin. In the rats
that received endotoxin and excessive
lung stretch, there was a higher produc-

tion of proinflammatory cytokines (tu-
mor necrosis factor-
, macrophage in-
flammatory protein-2, and interleukin
[IL]-6) in the bronchoalveolar lavage
fluid. Subsequent work confirmed that
injurious ventilation of lungs isolated
from septic rats led to higher levels of
bronchoalveolar lavage proinflammatory
cytokines (4). Based on these studies, the
potential cellular sources of the stretch-
induced inflammatory response included
alveolar macrophages, vascular endothe-
lial cells, and alveolar epithelial cells. One
group reported that stretch of monocytes
transcriptionally up-regulated the pro-
duction of IL-8, a major neutrophil che-
motactic factor (5), whereas other inves-
tigators have found that rat alveolar
epithelial cells release IL-8 in response to
mechanical stretch (6, 7). Therefore, al-
veolar epithelial cells have the capacity to
translate mechanical stress into inflam-
matory signals that may play a role in the
pathogenesis of ALI/ARDS. The experi-
mental data have recently been con-
firmed in a clinical study by Parsons et al.
(8) in which lower levels of IL-8 and IL-6
were measured in the plasma of patients
ventilated with the lower tidal volume
strategy. Similarly, another clinical study
reported lower inflammatory responses
in the bronchoalveolar lavage and plasma
of patients with ARDS treated with re-
duced tidal volumes (9). Thus, enhanced
release of proinflammatory cytokines oc-
curs in the presence of excessive lung
stretch, especially in the injured lung,
and can be attenuated by protective lung
ventilation.

Other work has focused on how differ-
ent aspects of the mechanical stress may
alter alveolar epithelial cell viability. Ts-
chumperlin et al. (10, 11) found that al-
veolar epithelial type II cell viability was
reduced by higher magnitudes of stretch
or deformation. In this issue of Critical
Care Medicine, Dr. Levine and colleagues
(12) tested the hypothesis that rat alveo-
lar epithelial type II cells isolated from
septic rats would be more susceptible to
injury than type II cells from nonseptic

rats. The rats were randomized to either
cecal ligation and puncture or a sham
laparotomy, and after 24–48 hrs alveolar
epithelial cells were isolated and cultured
for 48 hrs and then exposed to increasing
levels of mechanical stretch. High levels
of cyclic stretch alone led to increased
cell death in the sham group. However,
the cells isolated from septic rats were
more vulnerable to the cyclic stretch and
there were higher rates of cell death in
this group vs. the sham rats at both mod-
erate and high magnitudes of deforma-
tion. In addition, nuclear factor-	B was
activated by both high-magnitude stretch
and sepsis independently as well as when
both conditions were applied to the same
cells. This finding suggests that sepsis and
cyclic stretch may have additive effects on
proinflammatory signaling, although the
data in this study do not specifically sup-
port this conclusion. Furthermore, there
was not a clear correlation demonstrated
between nuclear factor-	B activation and
cell death.

The results are interesting because
they provide evidence that alveolar epi-
thelial cells are especially vulnerable to
mechanical stress if they have been re-
cently exposed to an in vivo environment
of bacterial induced inflammation. The
most impressive result of the study was
the evidence that cell death more than
doubled in alveolar epithelial cells ex-
posed to sepsis and mechanical stretch
vs. cells that were only stretched. The
authors were not able to identify specific
mechanisms of cell death beyond the
broad categories of apoptosis and necro-
sis. However, whatever the mechanisms
for the enhanced death of alveolar epithe-
lial cells, the loss of a functional alveolar
epithelium plays a pivotal role in the
pathogenesis and severity of ALI based on
studies by Bachofen and Weibel (13) as
well as more recent studies by our own
group (14). Specifically, injured alveolar
epithelium is associated with impaired
alveolar fluid clearance (15) and facili-
tates translocation of bacteria and cyto-
kines to the systemic circulation, poten-

*See also p. 1746.
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tially leading to multiple system organ
failure (16).

Although this study advances the field,
the relative contributions of other resi-
dent lung cell types, such as endothelial
cells and alveolar macrophages, to the
pathogenesis of mechanical injury to the
lung warrant further study. In addition,
as the authors themselves point out, it is
unclear whether the in vitro system used
in this study to induce mechanical injury
in cultured cells reliably replicates in vivo
pathophysiology. This model of mechan-
ical cell injury produces a homogeneous
degree of stretch to the cells, whereas in
the in vivo setting mechanical lung in-
jury is not homogeneous since different
regions of the lung are exposed to differ-
ent distending pressures. Nevertheless,
this study by Dr. Levine and colleagues
(12) provides new evidence that the alve-
olar epithelium is especially susceptible
to cell death in the presence of a com-
bined insult from both systemic infection
and mechanical stretch.

Naveen Gupta, MD
Michael A. Matthay, MD

Departments of Medicine and
Anesthesia

Cardiovascular Research
Institute

University of California, San
Francisco
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L-Arginine and vasopressor agents: When antagonists have
unexpected synergistic effects*

Recent studies suggest that mi-
crocirculatory alterations play
a major role in the develop-
ment of sepsis-induced multi-

ple organ failure (1, 2). We have recently
demonstrated in patients with septic
shock that the sublingual microcircula-
tion is markedly altered and that these
alterations include absent and intermit-

tent blood flow in various capillaries,
while blood flow in larger vessels is still
preserved (1). Furthermore, the addition
of a topical vasodilatory agent, acetylcho-
line, was able to totally reverse these al-
terations (1). These data suggest that va-
sodilatory agents may have a place in the
treatment of sepsis. However, current
practice still includes the administration
of vasopressor agents to restore perfusion
pressure in patients with septic shock.
The choice of the ideal vasopressor agent
is highly debated. Adrenergic agents are
used as first-line agents in most cases,
but several studies have suggested that
vasopressin may be added to adrenergic
vasopressor (3), even though there is a

fear that this strong vasopressor agent
may further impair tissue perfusion.

An unanswered question concerns the
effect of different vasopressor agents on
the already altered microcirculation in
patients with septic shock. This question
is quite difficult to answer in septic pa-
tients, as it would require allowing these
patients to remain hypotensive during
the time required for the investigation of
the microcirculation. A second important
question is whether vasodilatory agents
may improve the microcirculation in sep-
tic shock, and if beneficial effects are ob-
served, whether these would counterbal-
ance the effects of vasopressor agents or
whether these may be impaired by the con-

*See also p. 1752.
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comitant use of vasoconstrictive agents.
The data presented in this issue of Critical
Care Medicine by Dr. Nakajima and col-
leagues (4) in an experimental model of
septic shock put some new light on these
aspects.

In mice submitted to endotoxic shock,
Dr. Nakajima and colleagues (4) investi-
gated the effects of norepinephrine, vaso-
pressin, and L-arginine on the perfusion
of gut villi (assessed by intravital video-
microscopy). Blood pressure decreased
after endotoxin administration in all
groups and was restored in norepineph-
rine- and vasopressin-treated animals
(this was expected as both agents were
titrated to restore baseline blood pressure
levels), whereas it further decreased in
animals receiving L-arginine. Thereafter
L-arginine was also added to norepineph-
rine or vasopressin but did not alter blood
pressure in these animals. Villus perfu-
sion decreased after endotoxin; norepi-
nephrine and vasopressin similarly pre-
vented the further decrease that occurred
in control animals. L-arginine alone de-
creased blood pressure but also prevented
the decrease in mucosal perfusion. The
addition of L-arginine to norepinephrine
or vasopressin further improved mucosal
perfusion that almost normalized.

What are the lessons of this study?
First, endotoxin alters the mucosal mi-
crocirculation. This is in accordance with
previous experimental (5) and human (1,
2, 6) observations. Second, vasopressor
agents do not impair microvascular blood
flow in sepsis. Experimental studies sug-
gest that norepinephrine does not impair
microvascular blood flow in sepsis (7).
The effects of vasopressin are more con-
troversial. Some studies suggested that
vasopressin, even at low doses, can impair
the mesenteric microcirculation (8), but
these findings were challenged (9). We
reported that vasopressin administration
did not alter the sublingual microcircu-
lation in a patient with a severe distribu-
tive shock (10), but no definitive conclu-
sion can be drawn at this stage. Third,
norepinephrine and vasopressin have
similar impact on gut microvascular per-
fusion. This may be somewhat unex-
pected as several experimental studies
showed that vasopressin improved cellu-
lar oxygenation in endotoxic shock (11)
or outcome (12) compared with norepi-
nephrine. Fourth, L-arginine improved
mucosal microcirculation. Several au-
thors have shown that nitric oxide plays a
critical role in the maintenance of micro-
circulatory blood flow (1, 6, 13). We ini-

tially reported that topical acetylcholine
application fully restored the sublingual
microcirculation of patients with severe
sepsis (1). Spronk et al. (6) subsequently
showed in a small cohort of patients with
septic shock that nitroglycerin infusion
improved the sublingual microcircula-
tion in patients with septic shock. The
study by Dr. Nakajima and colleagues (4)
nicely confirms these findings. Fifth, the
microcirculatory effects of the various
agents are independent of their systemic
effects. Indeed, Dr. Nakajima and col-
leagues (4) reported that arginine im-
proved microvascular blood flow while
decreasing blood pressure when given
alone or without affecting blood pressure
when given in combination with the
other vasopressor agents. The effects of
norepinephrine are probably not related
to its vasopressor effect, as pure 
-adren-
ergic stimulation does not increase gut or
liver microvascular blood flow despite
correction of hypotension (14). In accor-
dance with these findings, we recently
demonstrated in patients with septic
shock that changes in sublingual micro-
vascular perfusion are independent of
changes in cardiac index and changes in
blood pressure during dobutamine ad-
ministration (15). Finally, the effects of
potent vasoconstrictive and potent vaso-
dilatory agents do not antagonize each
other but rather lead to an additive ben-
eficial on mucosal perfusion. Hypoten-
sion is the most important limitation to
the use of vasodilatory agents in septic
shock, and one may fear that the intro-
duction of vasopressor agents would an-
nihilate the potential benefit of vasodila-
tion. This is clearly not the case; these
data suggest that the addition of a vaso-
dilatory agent to norepinephrine or vaso-
pressin may be of interest.

This study has several limitations. As
frequently in small animal models, it was
difficult to ensure that fluid resuscitation
was optimized, and the effects of these
agents may differ according to the volemic
state. Also, cardiac output and mesenteric
blood flow were not measured and
changes in these variables may perhaps
have occurred. Finally, and more impor-
tant, the authors were unable to provide
any indication that the changes in micro-
vascular blood flow were associated with
any improvement in tissue metabolism.
Indeed, the proof is still lacking that
these interventions aimed at improving
the microcirculation were beneficial. The
findings by Levy et al. (11) that vasopres-
sin and nitric oxide inhibition can im-

prove tissue adenosine triphosphate lev-
els suggest that it may be the case, but
other mechanisms may be involved. In
particular, the administration of nitric
oxide may be deleterious to organ func-
tion, especially during prolonged admin-
istration, as nitric oxide has also been
involved in some of the cellular effects of
sepsis. Thus it is unfortunately much too
soon to treat our patients with septic
shock with a combination of arginine
and norepinephrine or vasopressin, but
the data of Dr. Nakajima and colleagues
(4) should prompt new research in this
direction.

Daniel De Backer, MD, PhD
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Erasme University Hospital
Free University of Brussels
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Resuscitation with hypertonic saline in burn shock and sepsis*

W e read with great inter-
est the article by Dr.
Chen and colleagues (1)
in this issue of Critical

Care Medicine. The authors have shown
that hypertonic saline (HTS) decreased
thermal injury induced bacterial trans-
location in a mouse model of burn in-
jury with septic challenge. HTS in-
creased bacterial clearance, phagocytic
activity, and Toll-like receptor (TLR)2,
TLR4, CXCR2 chemokine receptors,
pp38, and p44/42 expression of perito-
neal cells. HTS treatment after thermal
injury decreased reactive oxygen spe-
cies (ROS) production and increased
TLR2, TLR4, and pp38 expression of neu-
trophils. In vitro, treatment of neutro-
phils with HTS increased phagocytic ac-
tivity and TLR2 and TLR4 expression.
Commensal depletion with oral antibiot-
ics decreased TLR2 and TLR4 expression
of neutrophils, and lipopolysaccharide in-
creased TLR4 expression of neutrophils
and decreased thermal injury-induced
bacterial translocation. The authors con-
cluded that HTS enhances host defenses
to bacterial challenge through the aug-
mentation of TLRs.

Proper fluid management is critical
to the survival of the victim of a major
thermal injury and when septic compli-
cations occur. Modern fluid resuscita-
tion formulas originate from experi-
mental studies in the pathophysiology
of burn shock (2). Burn shock is both
hypovolemic shock and cellular shock,

and it is characterized by specific he-
modynamic changes including de-
creased cardiac output, extracellular
fluid, plasma volume, and oliguria. As
in the treatment of other shock forms,
the primary goal is to restore and pre-
serve tissue perfusion to avoid isch-
emia. However, in burn shock, resusci-
tation is complicated by obligatory
burn edema, and the voluminous trans-
vascular fluid shifts that result from a
major burn are unique to thermal
trauma (3).

Although the exact pathophysiology
of the postburn vascular changes and
fluid shifts is unclear, major compo-
nents of burn shock are the increase in
total body vascular permeability and
the changes in microcirculation. Fluid
resuscitation is aimed to support the
patient throughout the initial 24- to
48-hr period of hypovolemia and has
existed since the early 1950s (2). Even
after thousands of patients have been
saved by fluid resuscitation, resuscita-
tion formulas are still controversially
discussed, depending on advantages
and disadvantages for the individual pa-
tient. Crystalloid solutions, such as lac-
tated Ringer’s solution (sodium concen-
tration 130 MEq/L) are the most popular
resuscitation fluids currently used. Crys-
talloid formulas include the Parkland for-
mula (recommends 4 mL/kg/% burn in
the first 24 hrs, with one half of the
amount administered in the first 8 hrs)
and the modified Brooke formula (recom-
mends 2 mL/kg/% burn). Colloid formu-
las (Evans, Brooke, Slater), the Dextran
formula (Demling), and hypertonic saline
formulas (Monafo, Warden) are also in
use (2–4). Hypertonic salt solutions have
been known for many years for effective-
ness in the treatment of burn shock by
fluid-sparing effects and a reduction of
volume load in the early phase of injury

(5, 6). Rapid infusion leads to serum hy-
perosmolarity and hypernatremia, reduc-
ing the shift of fluids from intravascular
to interstitial areas and the third com-
partment and therefore preventing
edema formation and the need for lapa-
rotomy and escharotomy (7–9). The use
of HTS, however, is controversially dis-
cussed; not only positive effects as men-
tioned above have been shown but also
negative ones. One comparative trial even
found an increase in mortality with HTS
treatment in major burns (10).

In addition to hypovolemia, the risk
of infection for burn patients is extraor-
dinarily high. Shirani and coworkers
(11) showed that inhalation injury
alone increased mortality rate of burn
patients by a maximum of 20% and
pneumonia by a maximum of 40%, with
a maximum increase of approximately 60%
when both are present. These data indicate
that inhalation injury and septic complica-
tions such as pneumonia have significant,
independent, additive effects on burn mor-
tality and that these effects vary with age
and burn size. The presence of inhalation
injury and sepsis increases the fluid re-
quirements for resuscitation from burn
shock after thermal injury (12). Since Dr.
Chen and colleagues (1) have demonstrated
that HTS not only has beneficial effects on
burn shock but also reduces bacterial
translocation and enhances host defenses
by several mechanisms in the treatment of
burn shock and sepsis, it is of high interest
to further investigate HTS in animal mod-
els and later in humans. Future studies
with HTS alone and in combination with
established resuscitation formulas are
needed, to find a risk/benefit ratio for such
a treatment. HTS may have the potential to
improve resuscitation strategies and out-
come in burn care.

*See also p. 1758.
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Brain tissue oxygen monitoring: A measure of supply
and demand*

A fundamental goal of neuro-
critical care is to ensure ade-
quate delivery of oxygen to the
brain at all times. Depriving

the brain of oxygen rapidly results in cel-
lular dysfunction and cell death. This
conceptual model of brain ischemia has
been applied to all types of brain injury,
including traumatic brain injury (TBI)
and subarachnoid hemorrhage. To pre-
vent brain ischemia, critical care is de-
signed to maintain cerebral perfusion
pressure (CPP) and control intracranial
pressure (ICP). Consensus values for CPP
(�60–70 mm Hg), ICP (�20 mm Hg),
and arterial oxygen pressure (�100 mm
Hg) have been routinely employed in
clinical practice. These thresholds as-
sume that cerebrovascular pressure auto-
regulation, the mechanism that normally
keeps blood flow and oxygen delivery in
the brain constant despite changes in
blood pressure, is impaired. However, re-
cent studies suggest that some of these

goal-directed treatment strategies can re-
sult in excess morbidity and mortality
(1, 2). For example, in Robertson et al.’s
(1) randomized controlled study compar-
ing two treatment regimens, ICP-tar-
geted treatment vs. goal-directed cerebral
blood flow (CBF)/CPP-targeted treat-
ment, the CBF/CPP-targeted group expe-
rienced worse pulmonary edema and
adult respiratory distress syndrome
(ARDS) (2) and did not benefit from this
treatment. Thus, given the potential
risks, it is incumbent on clinicians to
accurately and reliably identify deficien-
cies in brain oxygenation and correct
these, rather than employ arbitrary goal-
directed protocols.

In the last decade, several direct mea-
sures of brain oxygenation have become
clinically available. Many studies have
documented an absolute reduction in ce-
rebral blood flow in normal- and abnor-
mal-appearing areas of the brain after
brain injury (3–8) using a variety of im-
aging and monitoring techniques includ-
ing computed tomography and magnetic
resonance perfusion imaging, jugular ve-
nous oximetry, brain tissue oxygen probe,
and positron emission tomography (PET).
However, the reduction in cerebral blood
flow does not always correlate with brain

ischemia, especially after traumatic brain
injury. Only PET can reliably measure
ischemia using the oxygen extraction
fraction (OEF). The ischemic threshold
on PET OEF is a value �0.75 (9–11) or a
reduction in cerebral metabolic rate of
oxygen �1.4 mL/100 mL/min (12, 13).
Several PET studies in neurocritical care
have been done using these thresholds
with conflicting results about the inci-
dence and distribution of brain ischemia.
Diringer et al. (6) found global and re-
gional increases in OEF without reduc-
tion in cerebral metabolic rate of oxygen.
Coles and colleagues (4) used oxidative
PET studies in TBI patients and found
that at baseline CO2 of 30–34 mm Hg, the
mean ischemic brain volume was 67 mL
or roughly 6% of the total brain volume
on average, and in six of 15 patients the
ischemic volume averaged 50 mL, espe-
cially with induced hyperventilation. In
contrast, PET imaging during hours
24 –72 after TBI demonstrate a lower
mean ischemic brain volume, 1.5 mL or
1.5% of total brain volume (14), and areas
of low CBF were metabolically less active.

Given that PET scans are generally not
available to monitor neurocritical care
patients, other monitors have been devel-
oped. Principal among these are jugular

*See also p. 1783.
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venous oximeters, brain tissue oxygen
probes (PtiO2). Jugular venous oximetry
readings of �50% indicate brain ische-
mia (8). PtiO2 has been used as a measure
of the balance between oxygen supply and
utilization, with decrements in the PtiO2

value indicating a lack of oxygen supply.
Unfortunately, the sensitivity and speci-
ficity of PtiO2 to detect brain ische-
mia under clinical conditions are fair at
best (15, 16) while correlating with alter-
ations in cerebral blood flow quite
readily. Despite this shortcoming, PtiO2 is
being used to detect brain ischemia in
comatose patients with TBI and sub-
arachnoid hemorrhage. In these settings,
PtiO2 �20 mm Hg is considered to be an
indicator of brain ischemia. With the on-
set of brain death, the PtiO2 drops to zero
(17). Hence, PtiO2 is an available on-line
monitor that measures the balance be-
tween oxygen supply and demand and can
be used to determine moment-to-mo-
ment changes in this balance.

It is in this context that we consider
the current article by Dr. Jaeger and col-
leagues (18) in this issue of Critical Care
Medicine, Dr. Jaeger and colleagues re-
port on the use of PtiO2 to measure cere-
brovascular pressure autoregulation after
severe TBI, with which they have a long
experience. The authors used the PtiO2

probe placed into normal-appearing brain
on the hemisphere demonstrating the
most injury and measured spontaneous
fluctuations in CPP, ICP, and PtiO2 dur-
ing various periods of time, including 1,
6, and 12 hrs. The authors then per-
formed a moving linear correlation anal-
ysis between the CPP and PtiO2 values
during these arbitrary periods and calcu-
lated derived correlational measures from
these data. The two derived measures
were ORx (the actual linear correlation
between CPP and PtiO2) and bPtiO2

(the
slope of the linear correlation between
CPP and PtiO2). As explained, ORx may
vary between �1 and � 1, with a value of
0 corresponding to intact autoregulation
and no correlation between CPP and
PtiO2. The authors also correlated mean
arterial pressure and ICP using the stan-
dard PRx correlation first described by
Czosnyka et al. (19). Finally, the authors
compared ORx and the classic PRx mea-
sure of autoregulation.

Using this complicated analysis, Dr.
Jaeger and colleagues conclude that ORx
correlated well with PRx and that in gen-
eral patients with impaired autoregula-
tion are prone to decreases in PtiO2. In
patients with very low or very high PtiO2

values, the ORx and PRx demonstrate im-
paired pressure autoregulation. Hence,
the PtiO2 value behaved in a fashion sim-
ilar to a cerebral blood flow monitor,
rather than a measure of oxygen utiliza-
tion. It is interesting, that under condi-
tions of hyperemia, that PtiO2 values in-
crease, suggesting that the delivery of
more blood flow does not result in a de-
crease in PtiO2 or an increase in oxygen
consumption. One caveat in this study,
which was conducted during long periods
of monitoring, is that changes in oxida-
tive metabolism may have occurred be-
tween and within subjects during the pe-
riod of testing, which may have affected
the baseline PtiO2 values as well as longer
duration ORx values (ORx-6 and ORx-12).
Another caveat is that pressure autoreg-
ulation can vary between normal and
pericontusional regions of brain within
the same subject or can vary as a function
of time after injury. Nonetheless, it is
clear from this study and others that
PtiO2 is not a simple measure of oxygen
utilization and needs to be interpreted as a
rough measure of the balance between ox-
ygen supply and demand. Moreover, PtiO2

can be affected by various forces including
the state of pressure autoregulation.

The complicated analysis of several dy-
namic physiologic values (CPP, ICP, and
PtiO2) performed by Dr. Jaeger and col-
leagues illustrates the potential value as
well as the complexity of advanced brain
monitoring in neurocritical care. At this
time, the derived measures of ORx and PRx
are not practically available for the everyday
intensivist or for the subspeciality neuroin-
tensivist. To use ORx, PRx, or other sophis-
ticated derivations, both software and user-
interface tools will need to be developed to
be clinically useful. Currently, simple ob-
servations about the change in PtiO2 after a
deliberate alteration in CPP may be a prac-
tical application of the knowledge conveyed
in Dr. Jaeger and colleagues’ article. If an
increase in CPP results in an increase in
PtiO2, then autoregulation may be dis-
turbed, and a higher CPP may be optimal.
Hence, the work by Dr. Jaeger and col-
leagues is intriguing, but the message is
not easily implemented at present and calls
for the development of better information
technology to handle these complex data.
Nonetheless, this article is influential in
that it further refines the uses and limita-
tions of the brain tissue oxygen monitoring
and points to a potential use of this tech-
nology to better guide our treatment goals
for comatose brain-injured patients.

Paul M. Vespa, MD
Neurosurgery and Neurology
David Geffen School of

Medicine at UCLA
UCLA Medical Center
Los Angeles, CA
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Critical illness: A view from the kidney*

I n this edition of Critical Care Med-
icine, Dr. Gopal and colleagues (1)
present a meta-analysis of studies
comparing microalbuminuria with

outcome and physiologic scores in criti-
cally ill patients. Their conclusion is that
microalbuminuria may be a predictor of
illness severity and mortality in the criti-
cally ill.

Microalbuminuria is pathologically
significant albuminuria in the 20–250
mg/L range detectable only by sensitive
immunoassay. In diabetes microalbumin-
uria predicts clinical proteinuria, and in
affected patients, early intervention slows
the progress of renal disease (2). Later
studies showed that microalbuminuria is
also associated with vascular risk and vas-
cular disease in diabetic and nondiabetic
patients (3).

So why should microalbuminuria be
predictive of outcome in the critically ill?
There is increasing evidence that mi-
croalbuminuria reflects systemic vascular
endothelial dysfunction (4). The capillary
endothelium plays a very early role in the
response to injury or infection and is at the
center of the acute inflammatory process.
When this is a systemic process, the kid-
neys are ideally placed to detect these
changes, since they receive 25% of the car-
diac output and as the permeability of the
glomeruli increases there is increased pas-

sage of albumin and other plasma proteins
into the filtrate. Since renal tubular resorp-
tion of filtered albumin is near maximal,
much of this albumin reaches the urine,
the levels being further increased by the
renal concentrating mechanism.

Transitory microalbuminuria occurs
within an hour of trauma, burn injury, or
elective surgery and is proportional to the
magnitude of the insult. The finding that
levels were higher in those patients who
later developed complications led to the
suggestion that microalbuminuria is a
manifestation of increased systemic vas-
cular permeability and may predict com-
plications (5, 6). This concept was sup-
ported by animal and clinical studies in
which increased glomerular permeability
and microalbuminuria were detected in a
wide variety of acute inflammatory con-
ditions including peritonitis, acute myo-
cardial infarction, acute pancreatitis, men-
ingitis, and ischemia reperfusion injury
(7–11). Patients suffering intermittent
claudication showed transient microalbu-
minuria and leukocyte activation after ex-
ercise, both of which disappeared after cor-
rective surgery (11). In addition, patients
who were rendered leukopenic before car-
diac bypass surgery showed a reduced mi-
croalbuminuric response to operation (12)
suggesting a cell-mediated mechanism
for systemic vascular endothelial activa-
tion and transient microalbuminuria.

Any clinical role for assessing mi-
croalbuminuria in the critically ill is still
speculative. However, in patients under-
going cardiac bypass surgery in whom
there were no significant complications,
microalbuminuria 2 hrs postbypass was
significantly associated with pulmonary
function 12 hrs later, the duration of me-
chanical ventilation, and serum creatinine

for the next 48 hrs (13). This demonstrates
that even in uncomplicated surgery, subtle
vascular endothelial changes during opera-
tion, manifest as perioperative microalbu-
minuria, predict later organ function, and
it implies that microalbuminuria may have
a role in early identification of surgical pa-
tients at risk of systemic inflammatory re-
sponse syndrome (SIRS) and multiple or-
gan failure.

The capillary endothelium reacts rap-
idly to the panoply of proinflammatory
mediators, which are balanced by their
anti-inflammatory counterparts, and a
feature of SIRS is failure of this homeo-
static control (14). The microvascular re-
sponse and hence microalbuminuria may
represent the “bottom line” of the pro-
and anti-inflammatory balance sheet. To
continue the accounting analogy, assess-
ment of microalbuminuria may be a bet-
ter predictor of outcome than measuring
specific pro- and anti-inflammatory me-
diators on the “credit and debit” sides of
the inflammation balance sheet. This is
because inflammatory mediators have
overlapping roles, so that assessment of a
single mediator, even if its response was
sufficiently rapid to be a potential early
warning of SIRS, may have limited pre-
dictive value. The therapeutic corollary to
this is that blocking an individual path-
way will also be unsuccessful in a patient
with SIRS. Microalbuminuria not only
may provide an early warning of SIRS but
also may provide a means of assessing the
efficacy of those interventions designed
to bring acute “runaway” inflammation
back under homeostatic control.

We must be realistic about the limita-
tions of microalbuminuria. It will not
identify the cause of an inflammatory re-
sponse, merely its impact on the micro-

*See also p. 1805.
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vasculature hour by hour. It is essential
that the direction of change in micro-
albuminuria following intensive care unit
(ICU) admission is monitored. High ad-
mission levels combined with a failure to
decrease toward baseline after a few
hours are a sign of increased risk of ICU
death (15). It is likely that microalbumin-
uria “action limits” at key time points
after ICU admission will have to be tai-
lored to individual patient groups. A fur-
ther limitation is the contribution to mi-
croalbuminuria of preexisting primary
renal disease, again emphasizing the
need for monitoring the direction of
change following ICU admission rather
than relying on absolute values under
these circumstances. The rapid turn-
around required for serial monitoring
can be a problem; however, it is now
possible for reliable albumin creatinine
ratio results to be obtained at the bedside
by ICU nursing staff.

Of the ten studies analyzed by Dr.
Gopal and colleagues, seven compared
microalbuminuria with illness severity
scores and found an association. So
where do we go from here? There seems
little point in further comparisons of
microalbuminuria with illness severity
scores, since the latter are not used to
manage individual patients. More rele-
vant questions are, Does knowledge of
microalbuminuria assist in the clinical
assessment of risk of ICU death? and Can
this knowledge be used to improve pa-
tient outcome?

To realize the potential of microalbu-
minuria, a rational next step would be com-
parison of microalbuminuria during the
first few hours after ICU admission with
outcome in clinically defined patient
groups. From these results, microalbumin-

uria cutoff values at defined time points
following ICU admission need to be estab-
lished for predicting outcome in each pa-
tient group. Finally, prospective random-
ized studies should be conducted where
interventions are targeted to at-risk pa-
tients based on clinical assessment and the
degree of microalbuminuria. If this ap-
proach provides evidence of reduced ICU
morbidity and mortality and better use of
expensive ICU resources by, for example,
“ruling in” and “ruling out” high-risk pa-
tients, only then can microalbuminuria
monitoring in the ICU be justified. Dr.
Gopal and colleagues are correct in their
comment that presently there is no evi-
dence base for microalbumin measurement
in the ICU—but there is some promise for
the future.

Peter Gosling, BSc, MSc, PhD,
FRCPath

Clinical Biochemistry
Selly Oak Hospital
University Hospital

Birmingham NHS Trust
Birmingham, UK
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