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Letters to the Editor

Consider delayed immunosuppression
into the concept of sepsis

To the Editor:
In a position statement, Carlet et al.

(1) elegantly discuss the difficulty in us-
ing the current concept of sepsis for fu-
ture clinical trials and propose two new
strategies. They conclude that a system-
atic assessment of potential target medi-
ators should be performed and that the
underlying rationale and available data for
the intervention should be robust and plau-
sible. The second suggested approach fo-
cuses on specific disease-oriented studies.

We agree that a dramatic change in
study design will be necessary and that
the concept of sepsis needs to be recon-
sidered. Mixing up of patients with vari-
ous infections in different disease states
and immunologic phases in a single clin-
ical trial seems outdated. In addition to
the proposed approaches, we suggest a
complementary strategy for future clini-
cal trials. This strategy was postulated by
us and others a number of years ago (2)
and is based on the observation that the
vast majority of nonsurviving septic
shock patients do not die of the initial
burden, but rather from a “second” or
“third hit” in later stages of the disease
(3). This is due to the fact that most
nonsurvivors develop a state of functional
immunodeficiency that includes, among
others, disturbed monocytic phagocyto-
sis, cytokine profiles, and antigen pre-
sentation, as well as dysfunction and
apoptosis of lymphocytes, and finally a
“shutdown” of innate and adaptive immu-
nity. This state was termed immunoparaly-
sis and may best be approached via stan-
dardized quantitative measurement of a
diminished monocytic human leukocyte
antigen (HLA)-DR expression. Interest-
ingly, although intensivists routinely mon-
itor a wide array of acute organ dysfunc-
tions, the host’s immune system/organ is
typically not within the scope and most
patients are still characterized using con-
ventional biomarkers such as e.g., high-
sensitivity C-reactive protein or procalcito-
nin. These biomarkers, however, do not
reflect the respective phase of the host’s
response and are inadequate for an assess-

ment of the immunologic dynamics and of
cell-mediated immunity (4). In addition to
monitoring the clinical course and estab-
lished biomarkers, we suggest a longitudi-
nal assessment of cell-mediated immunity
via standardized HLA-DR measurement
(coefficient of variation: intra-lab 3%, inter-
lab 18%). Although more knowledge on the
immunopathophysiology of sepsis and
more biomarkers for the characterization
of cellular immunity is needed, such efforts
seem to be a prerequisite for risk stratifica-
tion, longitudinal follow up, and the design
and testing of specific immunologic inter-
ventions. Today, the course of monocytic
HLA-DR may best reflect the impact of a
given immunologic intervention. It can
serve as a guide for determining which in-
tervention should be applied at what time
to which individual and may assist in both
homogenizing study populations and im-
proving the outcome from severe infection.

Our proposed strategy thus aims not
only to characterize respective patients,
but also strives to therapeutically influ-
ence the dysregulation which is—at least
partially—responsible for the high mor-
tality observed in sepsis (4). Large-scale
clinical trials on immunomodulatory ther-
apies that have been demonstrated to re-
verse this condition may then be per-
formed. Respective approaches include
measures of both immunostimulation (e.g.,
interferon-� or granulocyte-macrophage
colony-stimulating factor [5]) and on selec-
tive removal of inhibitory factors (6). We
hypothesize that we will not profoundly
influence long-term survival from sepsis
until we start to focus on the delayed im-
munosupression and the host response.
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potential conflicts of interest.
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The randomized controlled trial needs
critical care

To the Editor:
The study by Ospina-Tascon et al. (1)

selected the best therapeutic trials in crit-
ical care. They found 72 multicentered
randomized controlled trials (RCTs) with
at least 50 patients using mortality as an
end point. They conclude that we should
reconsider the problems and possibilities
of mortality as an end point. However, it
is doubtful whether just a change of end
point will be sufficient. The study results
can be analyzed in a meta-analysis where
we consider all of the different interven-
tions as the intervention and consider an
RCT as the level of interest. We can then
calculate the absolute difference in mor-
tality, the number of lives saved or lost
per trial, based on the number of patients
in each trial. The sum is 285 lives saved
in 53,705 patients from 72 trials. This is
not significantly different from zero (p �
0.348, one sample Student’s t test). The
mean absolute number of lives saved per
trial is 4 (SD 35, 95% confidence interval
[CI] �4 to �12) and has a normal distri-
bution (one sample K-S test, p � 0.11).
The mean crude mortality in the control
arm is 37.4% (SD 16) and in the interven-

Copyright © 2008 by the Society of Critical Care
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tion arm is 37.3% (SD 14). These are not
significantly different (mean difference
�0.14, SD 10.6, 95% CI �1.98 to �2.26,
p � 0.89 paired samples Student’s t-test).
In other words, the results found in the
trials could have been determined purely
by chance. Our statistical approach here
may be somewhat superficial, but the re-
sults are robust enough to raise concern.

The authors suggest that end points
other than mortality may be needed, but
do not suggest what end points these may
be. There may be a natural tendency to
choose end points, which are forerunners
of mortality, but they are not likely to be
promising if we have been unable to show
reduced mortality in more than 53,000
patients. However, a different interpreta-
tion of the results suggests that 1) our
methods of selecting potentially benefi-
cial interventions has been lacking or 2)
the way in which we test interventions in
RCTs needs improvement. These avenues
should also be considered as well as the
author’s advice regarding end points other
than mortality. The existence of RCTs in
the literature indicates that there is consid-
erable interest and energy in the scientific
community toward solving these problems.
If we apply these resources to improve all
aspects of RCTs, not just the end points we
choose, we should find a way in improving
the care for critically ill patients.

The authors have not disclosed any
potential conflicts of interest.
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The challenge of clinical trials in the
intensive care unit

To the Editor:
We thank van Meurs et al. (1) for their

interest in our review on multicenter
randomized controlled trials evaluating
mortality as the primary outcome in in-
tensive care unit patients (2). In view of
the considerable variability in the inter-
ventions studied in the different ran-

domized controlled trials, we are not
convinced that a meta-analysis can be
performed, and if conducted are uncer-
tain of its utility. Additionally, if per-
formed, calculation of odds ratios with
confidence intervals would be better
than a Student’s t-test.

We maintain that well-conducted tri-
als focusing on morbidity or on a combi-
nation of mortality and morbidity could
provide important information. Never-
theless, the most important limitation to
all randomized controlled trials in criti-
cally ill patients is the heterogeneity of
the patient populations studied. Studies
randomizing “critically ill”, “septic”, or
“acute respiratory distress syndrome” pa-
tients to management by higher or lower
transfusion thresholds, higher or lower oxy-
gen delivery (DO2), higher or lower positive
end-expiratory pressure levels are too likely
to be negative, simply because although
some patients may indeed benefit from
the intervention, in others it will be
harmful, so that the net result is nega-
tive. Thus, we agree with van Meurs et al.
that improving randomized controlled
trials is not only a matter of selecting
different end points, but also, and per-
haps primarily, a matter of improving
patient selection.
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Bruxelles, Belgium

REFERENCES

1. van Meurs M, Ligtenberg JJM, Zijlstra JG: The
Randomized control trial needs critical care.
Crit Care Med 2008; 36:XXX–XXX

2. Ospina-Tascon GA, Buchele GL, Vincent JL:
Multicenter, randomized, controlled trials
evaluating mortality in intensive care:
Doomed to fail? Crit Care Med 2008;
36:1311–1322

DOI: 10.1097/CCM.0b013e31818c13c7

Alkalemia during continuous renal
replacement therapy

To the Editor:
By using a large retrospective cohort

of patients, Demirjian et al. (1) observed
that metabolic alkalosis induced by contin-

uous renal replacement therapies (CRRT) is
not associated with an increased mortality.
The authors anticipated this deleterious ef-
fect on the basis of studies having observed
some modifications of ionized calcium con-
centration or left ventricle contractility
during alkalosis induced either by hemodi-
alysis or by sodium bicarbonate administra-
tion (2, 3). In their study, ventilatory de-
pression is likely to have been overwhelmed
by mechanical ventilation. Therefore, it
would be interesting to know if the results
were identical in mechanically or sponta-
neously ventilating patients (if any)? It is
important to figure out if the patients were
able to regulate CO2 elimination or if the
intensivists did reduce the observed alkalo-
sis by modifying the ventilatory settings.

One way to consider these results, if
the mortality risk is actually not in-
creased by the CRRT-induced metabolic
alkalosis, would be to investigate further
the other potential deleterious effects of
this mild acid–base disorder. One other
way would be to avoid it. Effectively, once
again this study raises the question of the
ability of usual substitution fluids to
maintain acid–base equilibrium follow-
ing the first days of hemofiltration. To
address this question, it would have been
useful to report the overall ion balance
induced by the association of ultrafiltra-
tion with substitution fluid administra-
tion and optional additional dialysis. Fur-
thermore, the knowledge of the evolution
over time of the strong ion difference
would be essential to figure out what
were the main causes of the observed
metabolic alkalosis.

We currently know that metabolic al-
kalosis is not, as believed in the past, the
consequence of pure molecular bicarbon-
ate administration but is rather the effect
of several other mechanisms, some of
them being exerted by CRRT. According
to evidence-based conceptions of the acid–
base equilibrium, the main causes of
metabolic alkalosis which are related to
hemofiltration may either be increased
strong ion difference, free water removal,
or phosphate normalization (4). Some re-
cent observational data suggest that
CRRT induces metabolic alkalosis by re-
moval of unmeasured anions, increasing
phosphate, and reducing chloride con-
centrations in association with the per-
sistence of hypoalbuminemia (5).

By confirming the existence of a met-
abolic alkalosis imputable to CRRT, be-
cause of the accumulation of unmeasured
anions this study supports the hypothesis
that renal metabolic acidosis is often

3119Crit Care Med 2008 Vol. 36, No. 11



“treated” by developing a metabolic alka-
losis by some other means than catabo-
lites and toxins removal. This emphasizes
the importance of the measurement of
the extracorporeal clearance (or dialysis
dose) rather than by just considering pH
or alkalemia.

Furthermore, to avoid alkalosis, the
composition of substitution fluids used
for CRRT may require to be slightly mod-
ified especially when used for high clear-
ance hemofiltration. The potential alter-
ations having to be investigated could be
a slight increase of chloride concentra-
tions and/or the reintroduction of low
concentrations of lactate in association
with a slightly reduced bicarbonate con-
centration.

The author has not disclosed any po-
tential conflicts of interest.
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The authors reply:

To the Editor:
We welcome Dr. Journois’s thoughtful

comments. With regards to respiratory
status, the results were adjusted to base-
line ventilation status at initiation of con-
tinuous renal replacement therapy.

We calculated the strong ion differ-
ence and strong ion gap in the setting of
alkalemia (pH �7.45) while on continu-
ous renal replacement therapy in approx-
imately 70% of time points (excluding
lactate). Regardless of day of continuous

renal replacement therapy, alkalemia was
associated with slightly elevated strong
ion difference, and positive strong ion
gap; whereas serum chloride was within
normal range (Fig. 1). In our cohort,
prevalent hypoalbuminemia, intervening
hypophosphatemia, and ultrafiltration
may have contributed to alkalemia. Un-
fortunately, we did not have daily detailed
ultrafiltration and volume replacement
data to study their effects on strong ion
difference.

Dr. Journois highlighted an important
point that the substitution and dialysis
fluids need to be formulated appropri-
ately. We would caution and add that
even though strong ion difference may be
appropriately generated for a fluid com-
position, the relative ionic concentra-
tions are still important in the mainte-
nance of vital physiologic and metabolic
functions in vivo (1). We suspect that the
bicarbonate concentration (and corre-
sponding high sodium) in our fluids was
responsible for inadvertent alkalosis, par-
ticularly in a period of rapidly escalating
delivered dose of therapy (2). Our unit
manufactures dialysate solutions via the
machine method and, thus, we generate
large volumes of composition-adjustable
fluids. This method has allowed us to
sustain high delivered doses of dialysis
while controlling the electrolyte and bi-
carbonate (and subsequently chloride as
the complementary anion) concentra-
tions appropriately. There are other po-
tential problems with standard fluids ob-
tained from most manufacturers and
with current clinical practice. First, most
fluids are supplied without phosphate,
which may lead to hypophosphatemia by

day 3–4 of therapy (Fig. 4B in reference
2). The effect of this is unclear, and many
different units have differing methods of
phosphate repletion (3). Second, antico-
agulation techniques that modulate ex-
tra-corporeal circuit calcium concentra-
tion using citrate add another layer of
complexity to acid-base management. Be-
cause there are many concurrent adjust-
ments to concentrations of ions, inadver-
tent excursions and its related pH effect
will be inevitable.

We ask a more fundamental question
beyond the maintenance of acid-base bal-
ance by final effects (serum pH). At the
dialysis doses delivered in our study, con-
tinuous renal replacement therapy re-
lated alkalemia was not associated with
poor outcome, should we be vigorously
adjusting fluid composition to reduce
these episodes? Besides, when looking at
blood pH, we are only looking at the
maintenance of a compartment of the
body on the final effects of acid-base bal-
ance, yet homeostasis of the entire body
is not determined. What is the overall
driver of this physiologic necessity? Clas-
sic renal physiology looks at acid-base
balance in terms of hydrogen ion gener-
ation and excretion, yet potentially, this
model does not reflect the underlying
regulatory mechanism (4). Routine ther-
apy monitoring parameters do not look at
the overall balance of ions (particularly,
chloride) which potentially could be a
fundamental driver. It is remarkable that
after more than 40 years of tinkering with
dialysis, we have more basic questions
about our ability to mimic kidney func-
tion.

Figure 1. Mean serum chloride, SID apparent and SIG when pH �7.45 per day of CRRT. SID
apparent � [Na�] � [K�] � [Mg2�] � [Ca2�] � [Cl�]; SID effective � 2460 � 10�11 �
PCO2/(10�pH) � [albumin] � (0.123 � pH � 0.631) � [phosphate] � (0.309 � pH � 0.469); SIG �
SID apparent � SID effective. CRRT, continuous renal replacement therapy; SID, strong ion differ-
ence; SIG, strong ion gap.
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The value of procalcitonin to diagnose
infection in critically ill patient:
caveat emptor!

To the Editor:
We read with interest the article by

Amour et al. (1) on the influence of renal
dysfunction on the accuracy of procalci-
tonin (PCT) for the diagnosis of postop-
erative infection after vascular surgery.
The authors convincingly demonstrated
that in patients with acute kidney injury
(AKI), PCT tends to be more elevated and
they suggest that in these patients, differ-
ent cutoff levels are to be used for the
diagnosis of infection.

In their conclusion, the authors also
state that PCT is accurate to diagnose
postoperative infection, but the figures
reported in the manuscript may suggest
otherwise. The area under the receiver
operating characteristic curve of the
maximal level of PCT is reported to be
0.70 (95% confidence interval 0.60–0.80)
and using the optimal cutoff of 0.8 ng/
mL, derived from the receiver operating
characteristic curve, the sensitivity and
specificity reported are 0.79 and 0.67, the
positive predictive value 0.43, and nega-
tive predictive value 0.91. Although these

may be better than the predictive values
of other biochemical parameters (unfor-
tunately no comparison was made in the
article), they are still worse than the per-
formance of the clinician (see Table 4 of
the original article), and therefore we be-
lieve that the use of PCT has only limited
value when translated into clinical prac-
tice. If PCT would have been used (using
the optimal cutoff of 0.8) to initiate anti-
biotics, this would have resulted in un-
necessary administration of antibiotics in
more than half of the patients (positive
predictive value 43%), a figure which
seems unacceptable in times of increas-
ing antibiotic resistance partly because of
injudicious use of broad-spectrum anti-
microbial agents (2).

The authors found that PCT is an ear-
lier marker of infection as the maximal
concentration preceded the clinical diag-
nosis of infection (assessed using the ini-
tiation of antibiotics by clinicians as the
moment of diagnosis), whereas the expert
panel determined that the start of the
infection was in fact one day earlier. Fig-
ure 4 in the article shows the evolution of
PCT in patients with and without infec-
tion and clearly shows that at the mo-
ment of diagnosis of infection by the ex-
pert panel, mean PCT levels were below 1
ng/mL; only one day later, at the moment
that clinicians had started antibiotics
without knowledge of PCT levels, PCT
levels were indeed maximal, and above
the 0.8 ng/mL cutoff in the majority of
the patients. The conclusion that PCT is
an early marker of infection is not sup-
ported by the data in the manuscript as it
was only on the day of clinical diagnosis
that the levels were above the threshold.
As such PCT did not add value to the
diagnosis of sepsis as based on classic
signs of systemic inflammation (3).

The question remains whether PCT
can help us to differentiate between in-
flammation and infection. The data pre-
sented in this study nicely illustrate that
PCT is also increased in patients with
inflammation of noninfectious etiology.
Control patients with AKI have normal
PCT levels before surgery, but have in-
creased PCT levels after surgery com-
pared with non-AKI patients. This sug-
gests that the higher PCT levels in AKI
patients are just an illustration of the
increased inflammatory response in AKI
patients with infection (4).

Although PCT is often cited as a new
exciting tool to diagnose infection (5), a
recent review of the diagnostic accuracy
of PCT to diagnose infection in critically

ill patients found that the diagnostic odds
ratio of PCT to diagnose infection was
poor, and the summary receiver operat-
ing characteristic curve of all studies re-
ported to be 0.78, indicating that the per-
formance of PCT was low (6). The values
reported in the manuscript by Amour et
al. are comparable at best and in our
opinion the above considerations limit
the use of PCT to diagnose infection and
to guide antibiotic treatment in severely
ill patients.

The authors have not disclosed any
potential conflicts of interest.

Jan J. De Waele, MD, PhD, Eric Hoste,
MD, PhD, Department of Critical Care
Medicine, Ghent University Hospital,
Ghent, Belgium; Stijn Blot, PhD, Dirk
Vogelaers, MD, PhD, Department of
Infectious Diseases, Ghent University
Hospital, Ghent, Belgium

REFERENCES

1. Amour J, Birenbaum A, Langeron O, et al:
Influence of renal dysfunction on the accuracy
of procalcitonin for the diagnosis of postoper-
ative infection after vascular surgery. Crit
Care Med 2008; 36:1147–1154

2. Blot S: Limiting the attributable mortality of
nosocomial infection and multidrug resis-
tance in intensive care units. Clin Microbiol
Infect 2008; 14:5–13

3. Vandijck D, Decruyenaere JM, Blot SI: The
value of sepsis definitions in daily ICU-
practice. Acta Clin Belg 2006; 61:220–226

4. Hoste EA, De Waele JJ: Physiologic conse-
quences of acute renal failure on the critically
ill. Crit Care Clin 2005; 21:251–260

5. Schuetz P, Christ-Crain M, Muller B: Biomar-
kers to improve diagnostic and prognostic ac-
curacy in systemic infections. Curr Opin Crit
Care 2007; 13:578–585

6. Tang BM, Eslick GD, Craig JC, et al: Accuracy
of procalcitonin for sepsis diagnosis in criti-
cally ill patients: Systematic review and meta-
analysis. Lancet Infect Dis 2007; 7:210–217

DOI: 10.1097/CCM.0b013e31818be37f

The authors reply:

To the Editor:
We thank Dr. De Waele et al. for pro-

viding us another opportunity to demon-
strate that procalcitonin (PCT) is at this
time the most efficient marker available
in the market for the diagnosis of post-
operative infection despite the fact that it
is not the “ideal” marker. The superiority
of PCT compared with other markers
such as C-reactive protein, leukocyte
count, or interleukin-6 or -8 has been
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well established, (1, 2) and we confirmed
in this study that PCT is independent of
the perioperative inflammatory response
in contrast with what De Waele et al.
claimed above. As shown in our study, (3)
the incidence of the postoperative infec-
tion was important (24%) after major
vascular surgery while PCT value was in-
creased early (1 day before onset of infec-
tion, p � 0.05). In contrast, effective
treatment of infection was delayed (1 day
after onset of infection, p � 0.05) because
of the complexity for the physician to
make the diagnosis of infection in the
perioperative period. We do not think
that it is appropriate to say that PCT is of
no value because its diagnostic accuracy
is not better than that of the physician
who knows the whole story and looks at
many other diagnostic tests (body tem-
perature, chest radiograph, leukocytes,
etc . . .). In our study, after adaptation to
renal dysfunction, accuracy diagnosis of
PCT was considered as valuable using a
threshold of 0.8 ng/mL (SE � 70%, spec-
ificity � 75%, positive predictive value �
47%, negative predictive value � 89%,
and accuracy � 0.74). Obviously, this ac-
curacy diagnosis was calculated indepen-
dently of clinical and radiologic symp-
toms of infection. As reported in Figure 4
in our article, when onset of infection
based on clinical and radiologic symp-
toms was taken into account by the ex-
pert panel, PCT value was greater than
0.8 ng/mL in most of the infected pa-
tients although PCT was below 0.5 ng/mL
in all noninfected patients. At the same
time, the physician was unable to make the
diagnosis and did not introduce any antibi-
otic treatment which was consequently de-
layed (mean: 1 day, see Table 4 in our
article) although mortality is known to be
directly associated to delayed treatment (4,
5). Based on our results, it seems evident
that the role of a biomarker, such as PCT, is
not to substitute the physician but to help
diagnose the infection as soon as possible,
which may be beneficial for the patient.

De Waele et al. stipulated that our data
illustrated that PCT raises in a nonspe-
cific manner in postoperative period, be-
cause of the inflammatory process ob-
served during this period and, therefore,
should be not useful. We strongly disagree
with this interpretation as it is clearly
illustrated in Figures 2 and 4 of our arti-
cle: in the control group, PCT raised only
during the first 2 postoperative days (in-
deed, probably because of a major inflam-
matory process related to surgical stress)
but still remained below the 0.8 ng/mL

threshold, notably among acute kidney
injury control patients. Past the 48-hr
postoperative period, PCT measurement
becomes useful for postoperative infec-
tion diagnosis. Furthermore, we think
that PCT levels are more elevated in acute
kidney injury patients because of clear-
ance alterations and not only because of
increased inflammatory response.

Finally, De Waele et al. refer to the
questionable meta-analysis study per-
formed by Tang et al (6, 7). As published
recently (7), this meta-analysis exhibited
serious bias in the selection of studies
included such as the different methods of
dosage used for procalcitonin assessment
in which functional sensitivities were not
comparable. However, accuracy diagnosis
reported in this meta-analysis (0.78 area
under the receiver operator characteristic
curve) is an acceptable performance for a
biomarker because, to our knowledge,
this accuracy diagnosis is the best to date
in the field of biomarker of sepsis.

Finally, there are more convincing evi-
dences of the great interest of PCT than
studies such as our or meta-analysis: (6)
randomized interventional studies have
clearly demonstrated that PCT enables re-
ducing the rate of antibiotic prescription
and the duration of treatment without al-
tering outcome in suspicions of low respi-
ratory tract infection and/or pneumonia (8,
9) and more recently in severe sepsis and
septic shock (10). To confirm our results,
similar interventional studies should be
conducted in postoperative situations.

In conclusion, the rise of serum PCT
level adapted to renal function in the
postoperative period of major vascular
surgery should alert the physician and
should help him/her to decrease the delay
of treatment of postoperative infection,
independent factor of morbidity in criti-
cally ill patients. In conclusion, the key
message of our study was elsewhere:
acute renal dysfunction modifies PCT lev-
els and, thus, must be taken into account.

The authors have not disclosed any
potential conflicts of interest.

Julien Amour, MD, PhD, Olivier
Langeron, MD, PhD, UMPC Univ Paris 6,
Department of Anesthesiology and Critical
Care, Centre Hospitalo-Universitaire
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Right data, right conclusions

To the Editor:
In the accompanying editorial to our

article on red blood cell transfusion (RBCT)
and cerebral oxygenation in patients sus-
taining severe traumatic brain injury (1),
Netzer et al. (2) claimed that our data do
not support our conclusions. We would like
to address the several concerns raised by
Netzer et al. (2) regarding the validity of
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our results. First, the exclusion of one third
of patients was justified by the need of ob-
taining a homogeneous patient sample,
which enabled us to perform a reliable eval-
uation of the influence of the length of
blood storage on brain oxygenation. Sec-
ond, traumatic brain injury patients have a
higher critical cerebral brain flow thresh-
old for the development of irreversible tis-
sue damage (15 mL�100 g�1�min�1) than
other neurocritical patients (3), and anemia
might reduce cerebral PbrO2 and increase
cell death, as recently demonstrated in ex-
perimental traumatic brain injury in rats
(4). In many centers, traumatic brain in-
jury patients are currently transfused to
maintain hemoglobin around 10 g/dL (5),
and it has been demonstrated that increas-
ing hemoglobin from 8.7 to 10.2 g/dL im-
proves local cerebral oxygenation (6),
whereas severe anemia (hemoglobin �8.5
g/dL) may worsen cerebral lesion in low-
weight infants and patients with subarach-
noid hemorrhage (7). Furthermore, low
blood viscosity because of anemia might be
deleterious because it causes vasoconstric-
tion, and decreases blood flow, shear stress,
and functional capillary density. In these
circumstances, increasing blood viscosity
by RBCT might favor maximal functional
capillary density and oxygen transport to
brain (8). Netzer et al. (2) also questioned
the reliability of PtiO2 for assessing the ef-
fects of RBCT. In this regard, despite being
a local monitor, the obtained values of
PtiO2 can be extrapolated to evaluate global
oxygenation when the PbtO2 monitoring is
performed in relatively uninjured brain, as
it was carried out in most of our patients.
Additionally, mean PtiO2 in the pericontu-
sional tissue is lower than PtiO2 in the
normal-appearing tissue, justifying the use
of a higher transfusion threshold to in-
crease TO2 to injured brain areas (9). Third,
for red blood cells transfusion older than 19
days, mean storage time was 4 wks (29.2 �
6 days) (1). This storage time allows for the
RBC to lose all their 2,3-diphosphoglycer-
ate and to decrease their adenosine 5	-
triphosphate, thus explaining their inca-
pacity to increase PtiO2. Fourth, it seems
that Netzer et al. (2) have recalculated the
mean PtiO2 increment for each time inter-
val to demonstrate that transfusion of
young RBC (�10 days) was associated with
the smallest average increment. However,
as shown in our article, within-group dif-
ferences (i.e., differences between the PtiO2

value at each observation time point with
respect to baseline value) seem to be a
more accurate way to demonstrate the
presence of significant changes in PtiO2

after RBCT. In addition, it is hardly proba-
ble that our results were influenced by be-
tween-group differences in baseline vari-
ables, as all four groups were homogeneous
with respect to them, including Glasgow
Coma Scale and Injury Severity Score (1).

We have previously demonstrated in a
wide sample of patients that the RBCT-
related increments in brain PtiO2 were
inversely correlated with the patient’s
baseline PtiO2 (10). Baseline PtiO2 values
in patients receiving blood stored for
10 –14 or 15–19 days were equal or
higher than in those receiving blood
stored �19 days. However, in the first
two groups, PtiO2 values were signifi-
cantly increased after RBCT, whereas no
increment in PtiO2 was observed at any
observation time in the last group (1).
Therefore, our data suggest that baseline
oxygenation is not the only variable gov-
erning the efficacy of RBCT. However, in
agreement with Netzer et al. (2), a con-
trol group with crystalloid or colloid in-
fusion would have been useful to ascer-
tain whether the increment in PtiO2

resulted from the increase in the hemo-
globin or in the intravascular volume.

Finally, prolonged RBC storage (�14
days) has been shown to increase the risk
of postoperative complications and mor-
tality in cardiac surgical patients, sug-
gesting that it might also play a role in
the poorer clinical outcome observed in
critically ill patients receiving RBCT (11).
On the other hand, an increase in oxygen
consumption after RBCT has not been con-
sistently shown (12), and this could be due
to the lack of efficacy of stored RBC to
increase tissue oxygenation. Our study (1)
showed that RBCT increased cerebral oxy-
genation in �75% of transfused patients,
just failing only in those receiving RBC
stored �19 days. Therefore, in contrast
with the opinion of Netzer et al. (2), our
conclusions are supported by our results;
i.e., right data, right conclusions.

The authors have not disclosed any
potential conflicts of interest.

Santiago R. Leal-Noval, MD, PhD, Antonio
Maín-Caballos, MD, PhD, Critical Care Di-
vision, Hospital “Virgen del Rocío”,
Seville, Spain; Manuel Múñoz-Gómez,
MD, PhD, Transfusion Medicine, School
of Medicine, University of Malaga, Malaga,
Spain

REFERENCES

1. Leal-Noval SR, Muñoz-Gómez M, Arellano-
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It is the time, not the ratio

To the Editor:

Ward and Dushay (1) present an excel-
lent review about mechanical ventilation
in patients with respiratory failure caused
by acute exacerbation of chronic obstruc-
tive pulmonary disease. We agree about
the importance of reducing the dynamic
hyperinflation caused by expiratory air
flow obstruction. Ward and Dushay make
clear that this is accomplished best by
reducing the respiratory rate and that
shortening inspiratory time to decrease

3123Crit Care Med 2008 Vol. 36, No. 11



the inspiratory to expiratory ratio (I:E) is
of less importance. However, we believe
that this statement should be rephrased
and strengthened. In daily practice we see
important errors made by misconception
of the I:E concept. For example, with a
fixed inspiratory time of 1 sec, reducing
the respiratory rate from 20 to 10
breaths/minute would create an expira-
tory time increase from 2 to 5 secs, the
I:E ratio will be 1:5. If, with a respiratory
rate of 20 breaths/minute, the I:E ratio
will be set at 1:5, the expiratory time will
become 2.5 secs and the inspiratory time
0.5 secs. With the same ratio, we have
reached a completely different expiratory
time. Therefore, focusing and targeting
on the I:E ratio will not necessarily mean
a clinically relevant increase in expiratory
time and it will also decrease the inspira-
tory time. The latter is also of great im-
portance in patients with chronic obstruc-
tive pulmonary disorder. With volume-
controlled ventilation, it means an increase
in required flow and subsequently a sub-
stantial increase in peak pressure to reach
the same tidal volume. In pressure-con-
trolled ventilation, it might lead to insuffi-
cient time for complete delivery of the tidal
volume. The statement should, in our view,
be rephrased as follows: hyperinflation can
be diminished by extending the expiratory
time. This can be accomplished by decreas-
ing the ventilatory rate. Decreasing inspira-
tory time below 1 sec has no clinically rel-
evant effect on expiratory time and can lead
to difficulty in delivering the required tidal
volume. The I:E ratio has no clinical rele-
vance and should not be used as target in
ventilator tuning.
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Meta-analysis under the spotlight: We
must differentiate its limitations
versus its prejudices

To the Editor:

“There are lies, damn lies, statistics, and
‘in my clinical experience’.” Lloyd D.
Fisher (1)

I would like to congratulate Drs. Tobin
and Jubran (2) for their excellent article
recently published in Critical Care Med-
icine.

I fully agree with the authors that al-
though a meta-analysis has the great ca-
pability to increase the precision of sev-
eral trials, it does not mitigate the
presence of systematic errors from the
same studies.

I also agree with the fact that the
American College of Chest Physicians
Task Force missed the opportunity to ad-
dress the reasons for heterogeneity
among the trials and made conclusions
without addressing the potential pres-
ence of important systematic errors.

On the other hand, it seems that the
authors decided to use their critique
against the Task Force’s conclusions as a
reason to also critique the meta-analysis
methodology. Although this approach
may seem to be logical, Tobin and Jubran
fell victim to their own prejudices against
meta-analyses.

First, Tobin and Jubran (2, 3) failed to
recognize that what they both did in their
recent publications about weaning-
predictor tests is nothing more and noth-
ing less than a classic systematic review
and meta-analysis! More specifically, this
was a Bayesian meta-analysis. This is re-
ally important because the authors care-
fully avoided the use of the term “meta-
analysis” in their two articles, but they
were obviously betrayed by their own sta-
tistical methodology and pooled results,
which are emblematic of the meta-
analytic methodology.

Second, Tobin and Jubran failed to
recognize that disregarding evidence
from other ventilator weaning studies be-
cause of the potential presence of system-
atic errors is as inappropriate as exclud-
ing already enrolled patients from clinical
trials after the randomization process has
taken place. That is, if the study meets
the meta-analysis inclusion criteria, the
study must be included, and once the
analysis takes place, then the authors will
look for the differences in trial designs,

systematic errors, and heterogeneity. Not
the other way around.

Third, Tobin and Jubran failed to rec-
ognize that not performing a meta-
analysis because the data are heteroge-
neous is in direct contradiction with the
core of Bayesian philosophy, which was
the methodologic basis for both their ar-
ticles (2, 3). Bayes’ methodology depends
on the explicit recognition of all available
evidence (priors) to be analyzed with the
empirical evidence (Bayes factor) in order
to have a posterior probability. In anal-
ogy, no good clinician will use a sole
diagnostic test as the only clinical tool to
wean a patient from the ventilator. All
clinical evidence is gathered by the bed-
side clinician before such an important
decision is made, and that includes nu-
merous variables based on the patient’s
current clinical picture. In the same way,
a diagnostic meta-analysis gathers all
available evidence to better understand
and precise the usefulness of different
diagnostic tests (4). If the authors believe
that the priors should not be used to
better understand the empirical evidence
(i.e., they do not agree with the Bayesian
assumptions), they should not perform
any of the Bayesian meta-analyses done
in their articles from the very start.

Fourth, Tobin and Jubran failed to
recognize that traditional (narrative) re-
view articles are even more prone to flaws
than systematic reviews and meta-
analyses. A systematic literature review is
an obligatory and standard part of any
meta-analysis. Traditional reviews are not
usually systematic, so the authors com-
monly select studies that support his/her
views. Consequently, traditional reviews
are notoriously laden with the authors’
own “pride and prejudices” without any
safeguards to protect the readers against
them. Furthermore, traditional reviews
simply count and describe the studies
supporting different sides, completely ig-
noring the sample size, data variance, and
treatment effect size, which can only be
done by the performance of a systematic
search and meta-analysis. All these prej-
udices are commonly taken as final truth
by many clinicians because the tradi-
tional reviewer is frequently an “expert”
in the field. Although this can also occur
in a poorly executed meta-analysis, this is
rare because it is already a universal publi-
cation requirement for meta-analyses to
have not only the qualitative (p values),
quantitative (I-squared) degrees of heter-
ogeneity, and adjustment for variance
(fixed and random-effects models) explic-
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itly reported, but also a sensitivity analy-
sis based on the different trial designs and
potential reasons for heterogeneity, such
as the presence of systematic errors. One
great example to understand the differ-
ences between traditional and meta-
analysis reviews is concerning the use of
thrombolytics for patients with myocar-
dial infarction. A systematic review and
meta-analysis done in 1992 (5) demon-
strated strong evidence that thrombolytic
drugs were already beneficial in acute
myocardial infarction since 1977, about
14 years before the first large confirma-
tory trial! A systematic search I per-
formed (available upon request) with our
librarian, Dr. Cynthia Schmidt, yielded
531 traditional reviews (excluding the du-
plicated reports) published during those
14 years. I would have to ask the Critical
Care Medicine editors for unlimited space
to cite this incredible number of tradi-
tional reviews written by so many ex-
perts, which obviously had zero impact
on the clinical use of thrombolytics in
myocardial infarction for the long 14
years.

Fifth, Tobin and Jubran failed to rec-
ognize that money is generally not an
issue that differentiates traditional from
meta-analysis reviews. They stated that
“. . . a major difference between system-
atic reviews and traditional review arti-
cles is money.” This is not the reality that
my colleagues and I myself know. The
largest and one of the most reliable meta-
analyses database in the world, The Co-
chrane Library, provides high-level educa-
tion about meta-analysis methodology free
of charge, excellent statistical software to
execute these studies free of charge, peer-
reviewed evaluation of meta-analysis proto-
col proposals free of charge, and, if the final
study is accepted, open-access publication
free of charge. It is no wonder why Tobin
and Jubran did not provide any scientific
evidence to support their statement that
money is the major driving force for scien-
tists to perform meta-analyses. I believe
that if grants could be more widely applied
to researchers who are using the meta-
analytic methodology in their research, we
would have additional high-quality meta-
analyses and more refined statistical meth-
odologies at this time.

Sixth, Tobin and Jubran failed to rec-
ognize that the comprehensive search for
the causes of trials’ heterogeneity is in
itself a scientifically valid and legitimate
reason to publish a meta-analysis. Dr.
Greenland, the epidemiologist, goes even
further and states that “. . . the primary

value of meta-analysis is in the search for
predictors of between-study heterogene-
ity . . . ” (6). The meta-analysis by Tobin
and Jubran is an example of the value of
this methodology to better understand
the differences among trials and their ef-
fect on clinical outcomes. Interestingly,
when Dr. Tobin was the editor for the
American Journal of Respiratory and
Critical Care Medicine, he not only ac-
cepted one of the most controversial
meta-analyses recently done in critical
care medicine (7), but also wrote a full
three-page editorial to explain his deci-
sion (8). Ironically, that same meta-
analysis was also plagued by the famous
“heterogeneity” problems with which Dr.
Tobin criticized so much in his new arti-
cle (2). However, instead of simply disre-
garding all trials and not performing a
meta-analysis, Eichacker et al. (7) chose
to pursue an in-depth scientific investi-
gation of the reasons for that, and di-
rectly addressed the heterogeneity by ap-
propriate scientific reasoning and meta-
analytic methods. Hence, I assume that
Dr. Tobin accepted that manuscript be-
cause it was a high-quality meta-analysis
that brought important new insights to
the management of patients with acute
respiratory distress syndrome.

Seventh, Tobin and Jubran stated in
their conclusion that “If authors were to
submit a manuscript based on an original
research study that contained the system-
atic errors included in the Task Force
meta-analysis (selection bias, misclassifi-
cation bias, and confounding), a consci-
entious reviewer would instantly recom-
mend rejection.” Dr. Tobin, as a previous
editor of a journal, should know better
than most of us that if he would reject all
articles with “selection and misclassifica-
tion bias, and confounding,” he would
not have survived as a journal editor for
more than a few weeks, simply because
the only articles he would be able to ac-
cept (to avoid these biases) would be
high-quality randomized, double-blinded
trials! Interestingly, these randomized
trials have been the clear minority of the
articles that Dr. Tobin accepted as the
editor of the American Journal of Respi-
ratory and Critical Care Medicine. We
need to be realistic. There are uncount-
able examples of studies which are flawed
by Dr. Tobin’s requirements (e.g., retro-
spective and prospective observational,
retrospective and prospective case-
control, historical and prospective co-
hort, randomized unblinded studies, and
even randomized double-blinded trials),

but that have changed medicine for bet-
ter and forever. If we will have to wait for
the completion of perfect randomized
double-blinded studies for every single
diagnostic and therapeutic approach be-
fore their bedside application, we will do
a great disservice to our patients.

Finally, I would like to disclose that I
myself have performed and published
meta-analyses (9, 10), by the way, with-
out any funding! Also, I have not partic-
ipated as a member or consultant for the
American College of Chest Physicians
Task Force. Although I personally believe
that meta-analyses have a solid place in
our current clinical research times, I also
recognize that meta-analyses are not a
panacea for finding the scientific truth,
and have several limitations, as pointed
out by Tobin and Jubran. It is well known
that meta-analysis results may not later
be confirmed by large trials (11). It is also
well known that even large high-quality
randomized clinical trials may disagree
among themselves. A classic example is
the case for the benefits of magnesium in
myocardial infarction observed by a
meta-analysis (12), but not confirmed by
a randomized trial (13). Two later studies
demonstrated that the authors of the
meta-analysis failed to recognize substan-
tial publication bias (14), and that the
prior assumptions were just not clinically
realistic (15). Hence, the data may be of
high quality, but if the methods are not of
high quality, the results of the meta-
analysis will not be reliable. Another rea-
son for these differences between meta-
analysis and large trials is simply due to
the absence of enough evidence to reach
a firm conclusion (in that case, a meta-
analysis can also assist researchers to bet-
ter design and power the next trial). That
is why we still see (and will continue
seeing) discordances between meta-
analyses and clinical trials. These meta-
analyses’ issues are absolutely the same
as the ones seen for every type of study
done in the field of medicine—poor de-
sign and/or poor methodology yield less
reliable results. This is not to say (or to be
misinterpreted) that we should be com-
placent with low-quality studies, but that
study limitations are inherent in all med-
ical sciences, without exception. Further-
more, we have ethical obligations to the
patients who already volunteered to par-
ticipate in all these “biased” studies. We
cannot completely disregard these stud-
ies (or reject their publication) solely be-
cause they have biases. The in-depth un-
derstanding of biases and heterogeneity
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within and between studies remains a
critical mission for researchers working
with the meta-analytic methodology.
Even a meta-analysis with solid negative
results should be quite useful to medi-
cine—Dr. Naylor puts well that “The con-
cept of failed meta-analysis is a straw man,
for failed meta-analysis may be highly suc-
cessful in meeting diverse information
needs in modern health care” (16).

Therefore, one should always consider
that the quality of a meta-analysis is di-
rectly related to three principal factors:
1) the quality of the available evidence;
2) the quality of the methodologic ap-
proach used by the researchers; and 3)
the researchers’ intimacy with the clini-
cal subject being meta-analyzed.

I conclude this article with Dr. Tobin’s
own words that one of the views about
scientific controversy “. . . sees contro-
versy as a sign of vitality, emphasizing
the importance of a subject.” (8) The im-
portant subject here happens to be meta-
analysis.

The author has not disclosed any po-
tential conflicts of interest.
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Is it too early to recommend a
restrictive transfusion strategy in
critically ill patients with ischemic
heart disease?

To the Editor:
We wish to thank Dr. Gerber for his

interesting review of red blood cell trans-
fusion strategies in critically ill patients
with ischemic heart disease (IHD), acute
coronary syndromes, and undergoing
cardiac surgery (1). The current evidence
supports the assertion that young healthy
individuals without coronary artery dis-
ease do not benefit from a liberal trans-
fusion (2).

However, in the noncardiac surgery
intensive care patient with IHD, retro-
spective studies have demonstrated that
anemia increases morbidity and mortality
and red blood cell transfusion seems to
ameliorate these risks (3, 4). It has been
suggested that the prospective transfusion
requirements in critical care (TRICC) trial
(2) and the subsequent post hoc analysis,
centered on the patients with IHD (5) pro-
vide evidence that a restrictive transfusion

strategy (hemoglobin target 7–9 g/dL) is
safe and should be recommended. How-
ever, there are a number of caveats with
both the study and the conclusions drawn
that we feel should make the intensive care
physician think carefully before managing
patients with IHD with a restrictive red cell
transfusion strategy. First, only 20% of the
patients recruited into the TRICC trial had
IHD, compared with the 26% of patients
excluded by recruiting clinicians/family in-
dicating the potential for selection bias.
Second, in the post hoc analysis of patients
with IHD (5), there was a trend to lower
mortality in the liberal transfusion group
compared with the restrictive group. Fur-
thermore, Deans et al. (6) recently showed
that the effects of the differing transfusion
strategies on 30-day mortality in the TRICC
trial were significantly different and oppo-
site depending on the presence or absence
of prerandomization IHD (Breslow-Day
test; p � 0.03): patients with IHD random-
ized to the restrictive strategy group had an
increased mortality compared with the lib-
eral transfusion strategy (6). Finally, the
TRICC trial was conducted before universal
leucodepletion of red cell products in Can-
ada. Leucodepleted red blood cells cur-
rently used in many countries have a lower
transfusion risk profile compared with the
older non-leucodepleted products (7), a fea-
ture that may have confounded the results
of the TRICC study.

In summary, it may be too premature
to advocate a change in clinical practice
and the use of a restrictive strategy in
critically ill patients with IHD. In the
absence of a randomized controlled trial
specifically designed to answer this ques-
tion in these patients, clinicians would be
well-advised to carefully apply clinical
judgment, assess the signs and symptoms
of anemia and consider the perceived bal-
ance between the degree of IHD and myo-
cardial oxygen demand, and the risks and
benefits of red cell transfusion.

The authors have not disclosed any
potential conflicts of interest.

Alistair D. Nichol, FCARCSI, PhD, Andrew
Westbrook, JFICM, Rinaldo Bellomo,
JFICM, MD, David James Cooper, JFICM,
MD, Australian and New Zealand Re-
search Centre, Melbourne, Australia

REFERENCES

1. Gerber DR: Transfusion of packed red blood
cells in patients with ischemic heart disease.
Crit Care Med 2008; 36:1068–1074

2. Hebert PC, Wells G, Blajchman MA, et al: A

3126 Crit Care Med 2008 Vol. 36, No. 11



multicenter, randomized, controlled clinical
trial of transfusion requirements in critical
care. Transfusion Requirements in Critical
Care Investigators, Canadian Critical Care Tri-
als Group. N Engl J Med 1999; 340:409–417

3. Hebert PC, Wells G, Tweeddale M, et al: Does
transfusion practice affect mortality in criti-
cally ill patients? Transfusion Requirements in
Critical Care (TRICC) Investigators and the
Canadian Critical Care Trials Group. Am
J Respir Crit Care Med 1997; 155:1618–1623

4. Carson JL, Duff A, Poses RM, et al: Effect of
anaemia and cardiovascular disease on surgi-
cal mortality and morbidity. Lancet 1996; 348:
1055–1060

5. Hebert PC, Yetisir E, Martin C, et al: Is a low
transfusion threshold safe in critically ill pa-
tients with cardiovascular diseases? Crit Care
Med 2001; 29:227–234

6. Deans KJ, Minneci PC, Suffredini AF, et al:
Randomization in clinical trials of titrated
therapies: Unintended consequences of using
fixed treatment protocols. Crit Care Med 2007;
35:1509–1516 7

7. Hebert PC, Fergusson D, Blajchman MA, et al:
Clinical outcomes following institution of the
Canadian universal leukoreduction program
for red blood cell transfusions. JAMA 2003;
289:1941–1949

DOI: 10.1097/CCM.0b013e31818be422

The author replies:

I would like to thank Dr. Nichol and
his colleagues for their interest in this
topic and their insightful comments. The
analysis of the data presented in the
Transfusion Requirements in Critical
Care (TRICC) trial, as performed by
Deans et al. does indeed raise the possi-
bility that factors such as recruitment
bias and patient allocation may have im-
pacted outcomes in that study (1, 2). It is
certainly true that in the TRICC trial re-
cruitment may have been affected by cli-
nician judgment, and that as a fixed ther-
apeutic trial patient allocation may have
suffered from the potential confounding
effects of having subjects randomized “in-
appropriately” to receive treatments
which they do not require, such as may
have been the case with younger, rela-
tively healthier patients being random-
ized to the liberal transfusion arm. The
findings by Deans et al. identified differ-
ing effects of transfusion strategy on
mortality depending on the presence or
absence of prerandomization of ischemic
heart disease. It is pointed out that that
the impact of transfusion on mortality is
different and opposite depending on pre-
randomization status regarding the pres-
ence of ischemic heart disease when eval-
uated by the Breslow-Day test. However,

there remains no specific statistical evi-
dence that within the group of patients
with ischemic heart disease, a more lib-
eral strategy confers any advantage,
based on the data available from the
TRICC trial (3).

If the TRICC data were the only evi-
dence suggesting that transfusion is, in a
large proportion of cases, ineffective and
possibly detrimental even in the face of
active coronary ischemia, it would be eas-
ier to more readily dismiss these conclu-
sions. However, as noted in my review,
numerous subsequent although primar-
ily retrospective studies involving many
thousands of patients have arrived at a
similar conclusion, particularly in the
setting of non-ST elevation acute coro-
nary syndrome (4).

The possible presence of leukocytes in
transfused red cells in some of the previ-
ously reported studies and possible im-
pact of leukoreduction on improved out-
comes is an open question. Although the
data reported by Hébert et al. (5) demon-
strated a small but significant reduction
in the mortality rate after the introduc-
tion of a universal leukoreduction pro-
gram in Canadian blood banks, the rate of
infection was not decreased. The poten-
tial implication for the cardiac population
is uncertain and speculative at this time.

It is not surprising, given the well
established relationship between anemia
and worse outcomes in coronary artery
disease that there remains a high degree
of skepticism toward a restrictive trans-
fusion strategy in these patients. How-
ever, in the face of an extensive body of
literature demonstrating the limited effi-
cacy of stored red blood cells to deliver
oxygen at the cellular level and mounting
evidence that such blood has deleterious
effects in variety of patient populations, it
is not unreasonable to think that al-
though anemia may be bad for patients
with ischemic heart disease, transfusion
may not necessarily offer them effective
treatment and may adversely affect car-
diac patients as well.

I would agree that ideally a prospec-
tive trial of transfusion in the setting of
acute coronary ischemia would clearly be
the best way to answer the question at
hand. Careful clinical judgment is indeed
essential to appropriate decision making,
but must be predicated upon the best
available evidence. At the present time, I
still believe that this evidence continues
to suggest that a relatively restrictive uti-
lization of packed red blood cells is the

best supported approach to this popula-
tion.
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Relationships between fever
and outcome in intensive
care unit patients

To the Editor:
We read with great interest the article

by Laupland et al. (1), a large, retrospec-
tive, multicenter study on the association
between fever and outcome in intensive
care unit patients. Although we appreci-
ate the important information presented
in this article, we wish to comment on
some associated issues.

First, temperature elevation has been
associated with worse neurologic outcome
and increased mortality in traumatic, isch-
emic, or hemorrhagic cerebral damage pa-
tients (2–3). In the study by Laupland et al.,
these patients were included in the trauma/
neurologic category; however, their exact
number has not been reported. Unless the
percentage of cerebral damage patients was
very small, the finding that mortality was
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significantly lower in trauma/neurologic
patients manifesting (admission or subse-
quent) fever is unexpected and difficult to
interpret.

Second, the findings of previous studies
(4, 5) associating fever with significantly
higher mortality of critically ill patients
were not confirmed in the study by
Laupland et al. We have prospectively eval-
uated the association between fever and
mortality in a medical-surgical intensive
care unit (6) and found that crude intensive
care unit mortality was higher in febrile
patients (34.5% vs. 18.7%, p � 0.022).
However, fever was no longer associated
with mortality after adjusting for patient
severity (p � 0.384). Our opinion is that the
higher mortality among febrile, critically ill
(excluding cerebral damage) patients
mainly reflects patient severity caused by
coexisting comorbidities (infection, myo-
cardial infarction, etc.), rather than a det-
rimental effect of fever per se.

Third, in agreement with Laupland et
al., we reported that high fever was asso-
ciated with significantly higher mortality
(19% with peak temperature 38.3°C–
39.2°C, 100% with peak temperature
�40.2°C) (6). Furthermore, peak temper-
ature remained an independent predictor
of mortality (after controlling for age,
infection, and severity) in our study (p �
0.001) (6) and in a surgical intensive care
unit study (p � 0.003) (5) even after
patients with cerebral damage were ex-
cluded. Because these findings imply that
high fever may be a mortality mediator,
we would be interested to know if Laup-
land et al. observed that peak tempera-
ture (irrespective of fever onset) is inde-
pendently associated with mortality in
each diagnostic category.

Although this study adds valuable in-
formation to our clinical understanding,
questions such as if the suppression of
high fever may act protectively and there-
fore improve outcome, remain to be an-
swered. Thus, appropriately designed,
prospective randomized trials are re-
quired for defining patient groups likely
to benefit from antipyretic treatment, the
threshold for initiating this treatment,
and whether antipyretic drugs should be
combined with physical antipyresis.
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Why sedation protocol did not work

To the Editor:
We read with interest the article by

Bucknall et al. (1) in which the authors
evaluated the effectiveness of protocol-
directed intensive care unit (ICU) seda-
tion for mechanical ventilation within a
closed Australian ICU.

The use of a sedation protocol has
been recommended (2), and sedation pro-
tocols have demonstrated effectiveness in
improving sedation practice and ICU out-
comes (3). Consequently, sedation prac-
tice has changed to favor increased use
of sedation protocols. Randomized con-
trolled trials, inside and outside North
America, have evaluated the effectiveness
of protocol-directed sedation.

The investigators proposed several ex-
planations for the lack of benefit of a
sedation protocol, including noncompli-
ance with the protocol and the model of
ICU medical and nursing coverage. Other
explanations should also be considered.
First is the issue of contamination. Be-
cause of the unblinded nature of the trial
and to the training given to all nurses, it
is possible that nurses were indirectly im-
plementing the protocol even in the con-

trol group patients (education effect). We
have seen similar findings in a similarly
designed trial in our center in which no
significant differences were observed be-
tween the protocol and control groups
(4). One possible way to avoid contami-
nation is to use a before–after study de-
sign. Second, a protocol is a means to
direct management; however, alone it
does not guarantee success or improve-
ment in outcome. In our study, we found
significant improvement in sedation
practices after 3 months whether patients
are in the protocol or in the control
group suggesting that the education and
feedback program rather than the direct
effect of the protocol are responsible for
most of the observed effects (4). Third,
because of institutional differences in or-
ganization (e.g., nurses may automatically
titrate and wean sedatives/analgesics, twice
daily intensivist-directed medical rounds,
and 24-hr house medical staff), the major
component of the protocol, which is wean-
ing was applied in the control group.
Fourth, although sedation scales are used,
assessment of sedation remains subjective,
and validated objective tools are still lack-
ing, resulting in difficulty in discriminating
between degrees of sedation and thus con-
founding the successful implementation of
any sedation protocol.

In a recent article, the author reported
(5) that questionnaires distributed to
multidisciplinary team members, who
had used a sedation protocol, caused staff
to perceive sedation management to be
enhanced with the use of a protocol, and
she recommended that it be incorporated
into routine clinical practice. She also
reported a perceived improvement in pa-
tient outcome, including a decrease in
frequency of oversedation resulting in a
reduced ICU stay. Furthermore, the au-
thor suggested introduction of other in-
terventional protocols where variability
in clinical decision making exists.

We agree with the investigators that
sedation practice varies between coun-
tries, and a protocol in one institution
may not be appropriate for another orga-
nization with a different patient popula-
tion. Guidelines aid in the development
of local protocols which should be cus-
tomized to suit patient populations and
institutional preferences. However, this
study does not conclusively exclude ben-
efit of sedation protocols and its results
must be interpreted after considering the
points mentioned above.
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The authors reply:
International evaluations of sedation

protocols have demonstrated variable pa-
tient outcomes that have been attributed
to both research validity and research
context (1). In their letter to the editor,
Haddad et al. (2008) reinforce our previ-
ously highlighted study limitations and
also concur with our recommendation
for caution in transferring international
research findings without prior customi-
zation for the local context.

In discussing alternative research de-
signs, Haddad et al. propose a before-and-
after approach. Despite the possibilities
for bias inherent in unblinded studies, we
continue to prefer random allocation of
patients in evaluation of an intervention
rather than nonrandomized studies with
historical controls. Nonetheless, another

Australian study using a before-and-after
design found similar results to ours,
suggesting that contextual differences
may be more influential on patient out-
comes than the effect of specific seda-
tion protocols (2).

We argue that quality differences in
organizations may be influenced strongly
by staff characteristics (1). The majority
of Australian intensive care unit nurses
are baccalaureate-prepared registered
nurses with postgraduate qualifications
in critical care, educated in patient ven-
tilation, and sedation management.
These nurse characteristics and the
model of care (1 nurse:1 patient ratio,
intensivists as primary physicians, 24-hr
house medical staff, twice daily interdis-
ciplinary ward rounds including a phar-
macist and physiotherapist, and ventila-
tion monitoring by nurses) may have
rendered redundant any advantage of the
protocol. That is, if unit sedation levels
already approximated current best prac-
tice, there may have been limited scope
to reduce ventilation duration further in
response to a sedation management in-
tervention. Indeed, Haddad et al. suggest
that education and feedback were respon-
sible for improved patient outcomes in
their own study, rather than the sedation
protocol.

We agree with Haddad et al. that even
when evidence-based protocols are in
place they do not guarantee evidence-
based practice. Many factors influence
the uptake and adherence to guidelines,
including clinician perception of the
guideline. As we report, a survey of staff
perceptions of the sedation protocol and
its use (3) was undertaken before com-
mencing our reported randomized con-
trol trial, which documented generally
positive staff attitudes to the possibility of
a sedation protocol. Rose and Bucknall
(3) do not recommend the protocol be
incorporated into routine practice as
Haddad et al. mistakenly report but in-
stead recognize that positive perceptions
may assist with adoption of a protocol.

An important consideration in inter-
vention research is the ability to discrim-
inate sufficiently between intervention
arms. We did so by comparing usual care,
where no scoring system was in place and
the sedation management was individu-
alized, against a protocol where a scoring
system was used, a target score set and
sedation standardized by protocol. We
agree that our failure to demonstrate a
sedation protocol effect may also be due
to the subjective nature of the scoring

system and its inability to discriminate
changes in clinical conditions (1, 4).
Nonetheless, we believe that close obser-
vation and an ability to recognize subtle
changes in a patient’s level of sedation,
with the aim of minimizing sedation
and delivering the required treatments,
is likely to be at least as effective as
protocol-directed sedation.
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Fever in critically ill patients

To the Editor:
We read with great interest the excel-

lent and comprehensive guidelines for
evaluation of new fever in critically ill
adult patients (1). The authors review
with precision different infectious and
noninfectious etiologies of fever. In the
noninfectious causes, they show up im-
portant febrile syndromes associated with
drug use such as malignant hyperther-
mia, neuroleptic malignant syndrome,
and serotonin syndrome or associated
with withdrawal of certain drugs like al-
cohol, opiates, barbiturates, and benzodi-
azepines. However, the levodopa-with-
drawal syndrome is not mentioned in the
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review, which is seen in Parkinson’s dis-
ease patients after relative or absolute
levodopa withdrawal especially during
acute illness and intensive care unit and
hospital admissions. Infections, poor
compliance, and poor absorption of levo-
dopa are important precipitating factors
(2). Recently, Cooper et al. (3) emphasize
the potential drug-nutrient interaction
between levodopa and enteral nutrition,
which sometimes forces use of enteral
nutrition with less protein content or nu-
tritional administration change from
continuous enteral feeding to bolus feed-
ing, with levodopa given between boluses.
Clinical features of levodopa-withdrawal
syndrome are very similar to neuroleptic
malignant syndrome and consist of wors-
ening parkinsonism with a marked in-
crease in muscle tone, elevation of the
body temperature, altered consciousness,
marked elevation of serum creatine ki-
nase, and autonomic dysfunction such as
tachycardia, loss of sweating, nonpara-
lytic ileus, and fluctuation of the blood
pressure. The possibility of malignant
syndrome should be considered in the
first place in any critically ill patient with
Parkinson’s disease who develops fever or
a worsening of parkinsonism even with-
out any changes in drug therapy. Sup-
portive treatment, appropriate levodopa
doses, or dopamine agonist and probably
dantrolene, apomorphine (4), or steroids
(5) in serious cases are the pivotal treat-
ment. This neuroleptic malignant-like
syndrome is a rare but life-threatening
disease; strict compliance with levodopa
treatment and correct doses and admin-
istration is necessary to avoid it.
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The authors reply:

We thank Drs. Chamorro, Romera,
and Balandin for their thoughtful review
of our manuscript. Although including
every possible noninfectious cause of fe-
ver would have made this guideline too
long to be useful, recognition of neuroleptic-
like malignant syndrome (NLMS) in pa-
tients with Parkinson’s disease is impor-
tant, as treatment can be life saving. The
presentation of NLMS is similar to that of
neuroleptic malignant syndrome and a
high degree of clinical suspicion is war-
ranted for both. Supportive measures in-
cluding dantrolene therapy are important
components in both syndromes, al-
though the definitive therapy in NMLS
is repletion of levodopa (1, 2). Better
still would be avoidance of NLMS by
ensuring that levodopa therapy (which
can only be given orally or enterally) is
continued whenever possible. Listing
these syndromes as two distinct entities
is useful.
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Risk management after
cardiopulmonary resuscitation—
What is the real threat?

To the Editor:
In the recent article by Wolfrum et al.

(1), the authors investigate whether mild
therapeutic hypothermia (MTH), which has
been integrated into international resusci-
tation guidelines, implies an increased risk
of bleeding in patients after out-of-hospital
cardiac arrest because of ST-segment ele-
vating acute myocardial infarction. This
seems important as routine acute myocar-
dial infarction treatment may include med-
ication with aspirin, heparin/low-molecular
weight heparins, clopidogrel, glycoprotein
IIb/IIIa antagonists, and thrombolytics.
Theoretically, the addition of MTH may in-
crease the number of bleeding complica-
tions as a consequence of mechanisms in-
cluding hypothermia-induced impaired
platelet function, altered clotting enzyme
kinetics, activation of the fibrinolysis cas-
cade, and others. The present study evalu-
ates whether MTH is associated with an
increased number of bleeding complica-
tions and whether the application of MTH
prolongs door-to-balloon-times.

The authors assessed 31 patients (16
MTH and 17 historical controls) and
found that MTH does not prolong door-
to-balloon-times. The authors’ overall
finding is that the combination of MTH
with primary percutaneous intervention
and respective medications may generally
be considered feasible and safe in survi-
vors of cardiac arrest because of acute
myocardial infarction.

Nevertheless, in the MTH group, the
authors demonstrate a tendency toward in-
creased bleeding complications (56% vs.
24%, p � 0.08) and a significantly in-
creased need for erythrocyte transfusions
(38% vs. 6%, p � 0.04), a tendency which
was also observed in the Hypothermia After
Cardiac Arrest trial (2). However, in our
study including 62 patients with out-of-
hospital cardiac arrest (31 in the MTH
group and 31 historical controls), the num-
ber of bleeding complications (6 vs. 5, p �
1.0) and the number of patients requiring
erythrocyte transfusions (five in the MTH
group vs. six in controls, p � 1.0) was not
found to be increased under treatment with
MTH (3). Furthermore, in the subset of
patients in the MTH group receiving pre-
clinical thrombolysis (35.5%, n � 11, all
tissue plasminogen-activator), we did not
observe an increased number of bleeding
complications, underlining the potential
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safety of the procedure (3). Most impor-
tantly, life-threatening bleeding was not re-
ported in any of the respective investiga-
tions.

We totally agree with Wolfrum et al. in
that acute myocardial infarction patients
undergoing MTH should be observed
carefully for bleeding complications (es-
pecially in the early phase) and believe
that the combination of MTH with percu-
taneous intervention and respective med-
ication may be considered safe. Although
concerns for bleeding complications
should at this point in time not lead to
withhold MTH treatment, it will be nec-
essary to perform large-scale analyses in-
vestigating bleeding complications and
other potential side effects such as pro-
longation of mechanical ventilation or in-
creased rates of infectious complications.
However, when looking at the side effects
of MTH, it seems important to remember
the undisputed beneficial impact of the
procedure on neurologic outcome of pa-
tients with out-of-hospital cardiac arrest
which—at this point in time— clearly
seems to outweigh potential complica-
tions.
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The authors reply:
We thank Schefold et al. for their

thoughtful comments on our study on
the combination of mild therapeutic hy-
pothermia (MTH) and acute percutane-
ous coronary intervention in patients
with ST segment elevation myocardial in-
farction and consecutive cardiac arrest
(1). Schefold et al. discuss that MTH may
activate several mechanisms potentially
leading to bleeding complications in such
patients. Indeed, in the Hypothermia Af-
ter Cardiac Arrest trial (2) and our study
(1) there was a tendency for increased
bleeding complications in MTH-treated
patients as compared with controls. Our
patients were at particularly high risk for
bleeding because all received aspirin, clo-
pidogrel, and therapeutic doses of unfrac-
tionated heparin in the setting of 6-7
French arterial sheet placement in the
right groin. A larger proportion of our
MTH patients than of our historical con-
trol patients received a glycoprotein IIb/
IIIa receptor antagonist (94% vs. 71%)
which might have contributed to our ob-
servation. However, these differences in
bleeding complications were still present
when the groups were adjusted to the use
of antiplatelet agents.

Some other groups also investigated
the combination of MTH and acute per-
cutaneous coronary intervention, but in-
terpretation of the results is also limited
because of the small sample size. In the
study of Schefold et al. (3), the rate of
bleeding complications was lower than in
our study and the authors did not observe
a difference as compared with a historical
control group without MTH. Unfortu-
nately, in the study of Knafelj et al. (4),
who included 40 ST segment elevation
myocardial infarction patients undergo-
ing MTH and acute percutaneous coro-
nary intervention, bleeding complica-
tions were not reported in detail.
Therefore, we agree with Schefold et al.
that future studies and registries should
focus on bleeding complications in pa-
tients treated with MTH. Particular atten-
tion should relate to the definition of
“bleeding” in this context (5). We also
want to affirm that, as a result of the
existing studies, the benefit of MTH on
mortality and neurologic outcome clearly
exceeds the potential harm of bleeding
complications.
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Acute alcohol withdrawal as a
risk factor for intensive care
unit–acquired infection

To the Editor:
I read with interest the article by Ga-

couin et al. (1). The authors found at-risk
drinking to be a significant risk factor for
intensive care unit (ICU)–acquired infec-
tion, and for ventilator-associated pneu-
monia. Immunologic and nonimmuno-
logic factors were suggested to explain
these results, including malnutrition,
poor dental hygiene, suppression of nor-
mal cough, and abnormal host immune
response. In fact, previous studies dem-
onstrated that chronic alcohol consump-
tion was associated with abnormalities in
immune function (2). However, another
potential explanation for the association
between at-risk drinking and higher rates
of ICU-acquired infection is acute alcohol
withdrawal at ICU admission.

A recent study compared rates of post-
operative pneumonia between long-term
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alcoholic and nonalcoholic patients (3).
The authors found significantly higher
rates of postoperative pneumonia in long-
term alcoholics compared with nonalco-
holic patients (54% vs. 26%, p � 0.03).
After surgery, a significant suppression of
the cytotoxic T-lymphocyte type 1:type 2
ratio, the interleukin-10 ratio from li-
popolysaccharide-stimulated whole blood
cells, and a significant increase of plasma
interleukin-10 was observed. The authors
concluded that this altered cell-mediated
immunity might have accounted for the
increased infection rate in long-term al-
coholics after surgery. Disturbances of
the stress axis and hypercorticolism were
reported to have a major impact on in-
fections (4). Further, disturbances of the
automatic nervous system and of the hy-
pothalamic-pituitary-adrenal axis were
found in long-term alcoholic patients
with acute alcohol withdrawal without
prior surgery (5). One could argue that in
long-term alcoholic patients, admitted to
the ICU with acute alcohol withdrawal,
higher rates of ICU-acquired infection
might be related to disturbances in stress
axis. Unfortunately, in the study by Ga-
couin et al. (1) no information is given on
acute alcohol withdrawal. Could the au-
thors provide the rate of long-term alco-
holic patients with signs of acute absti-
nence? Was the rate of ICU-acquired
infection higher in patients with signs of
acute alcohol abstinence compared with
patients without signs of acute absti-
nence? What was the duration between
ICU admission and first ICU-acquired in-
fection?

In their accompanying editorial, Yost
and Grooper (6) stated that many physi-
cians treat patients at risk for alcohol
withdrawal with prophylactic doses of
benzodiazepines. They suggested that se-
dation of at-risk drinkers might have pro-
longed duration of mechanical ventila-
tion and increased the risk for infection.
However, a recent randomized study
aimed to evaluate the impact of interven-
tion at the level of the hypothalamus-
pituitary-adrenal axis on postoperative
pneumonia rate in chronic alcoholics (7).
One hundred twenty-two consecutive pa-
tients undergoing elective surgery were
randomized to receive ethanol, mor-
phine, ketoconazole, or placebo on the
morning before surgery and for 3 days
after surgery. All interventions signifi-
cantly decreased postoperative hypercor-
ticolism and prevented impairment of the
cytotoxic T-lymphocyte type 1:type 2 ra-
tio. All interventions decreased pneumo-

nia rate from 39% to a median of 5.7%.
Could the authors provide the number of
at-risk drinkers who received sedatives to
prevent alcohol withdrawal? What was
the impact of such a treatment on ICU-
acquired infection rates? Further ran-
domized studies should determine
whether intervention at the level of the
neuroendocrine-immune axis could re-
duce ICU-acquired infection rate in long-
term alcoholic patients.
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The need for adequate rate control
points to amiodarone as the drug of
choice for treating critically ill patients
with acute onset atrial fibrillation

To the Editor:
I read with interest the recent system-

atic review by Kanji et al. (1), which re-
ported that clinical trials evaluating
rhythm conversion of new onset atrial

fibrillation in critically ill populations
outside of cardiac surgery are lacking.

Although there is a significant body of
evidence on the treatment of acute onset
atrial fibrillation in the general hospital
patient population, almost all of the pub-
lished trials exclude subjects with critical
illness or hemodynamic compromise.

The evidence from these trials points
overwhelmingly in favor of the use of
class 1C agents, such as flecanide and
propafenone in the stable patient pop-
ulation and amiodarone in patients
with structurally or functionally abnor-
mal hearts (2).

As the noncritical care literature
demonstrates, a spontaneous sinus con-
version rate of up to 76% within 24 hrs
in patients with acute onset atrial fibril-
lation and as mortality data are never
published in such trials, it could be
argued that there is no evidence to
show that active pharmacologic rhythm
conversion is the optimum strategy in
such subjects (3).

As rate-related cardiomyopathy is prob-
ably more important than the loss of atrial
transport in the reduction of cardiac output
in atrial fibrillation a rate control strategy
while underlying precipitating causes are
treated can be considered a valid way to
manage these patients (4).

In addition, the Atrial Fibrillation
Follow-up Investigation of Rhythm
Management, Rate Control versus Elec-
trial Cardioversion for Persistent Atrial
Fibrillation, Atrial Fibrillation: Phar-
macological Intervention in Atrial Fi-
brillation, Strategies of Treatment of
Atrial Fibrillation, and How to Treat
Chronic Atrial Fibrillation multicenter
trials have shown that in patients with
chronic atrial fibrillation there is no
mortality benefit to sinus conversion
over good ventricular rate control (5).

An ideal pharmacologic antiarrhythmic
agent for use in acute onset atrial fibrilla-
tion on the general intensive care unit
would combine rapid rate control effects
with a good acute safety profile and a low
risk of precipitating ventricular tachyar-
rhythmias.

In my opinion, the agent that best fits
the above description is amiodarone.

Now, we just need some good evidence.
The author has not disclosed any po-

tential conflict of interest.
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Parenteral vs. enteral nutrition?

To the Editor:
In the editorial “Death by TPN . . . the

final chapter?” there are two comments
disputing (1) recommendations that I
have made regarding adequate glucose
control and the relative risks and benefits
of total parenteral vs. enteral nutrition in
the critically ill (2). In the first instance,
Marik states that in the era of tight glu-
cose control the results of the observa-
tional study reported in the recent issue
of Critical Care Medicine demonstrating

increased use of parenteral nutrition in
the more critically ill with increased mor-
tality (3) invalidates our statement that
infectious risk and mortality of parenteral
nutrition can be overcome by tight glu-
cose control. Although not different
among the groups receiving parenteral
nutrition only, enteral nutrition alone,
the combination, or no nutrition in that
study, the mean glucose control was ap-
proximately 180 mg/dL in each (3), which
would not meet anyone’s definition of
tight glucose control. In the second com-
ment, Marik states that I am one of the
two experts responsible for the “myth”
that (1) enteral and appropriately admin-
istered total parenteral nutrition are
equivalent (2). Although we do not have
the definitive randomized trial to confirm
this statement, the hierarchy of evidence
in clinical research is the adequately pow-
ered randomized clinical trial, followed
by the results gained through meta-
analysis, both of which are far more pow-
erful than observational studies with
their inherent risks of residual confound-
ing. Among meta-analyses, the individual
quality of the trials included can dramat-
ically influence the conclusions. Simpson
and Doig, in their meta-analysis of en-
teral vs. parenteral nutrition in the crit-
ically ill included only studies in the crit-
ically ill and used only those with an
intention to treat analysis indicative of
the highest quality study (4). They found
an approximate halving of mortality with
parenteral nutrition despite an increased
risk of infection. This difference was pre-
sumed due to late enteral feeding, be-
cause there was no mortality difference
when early enteral was compared with
parenteral (4). A subsequent meta-
analysis comparing only early enteral to
parenteral nutrition included some non-
intensive care unit studies and confirmed
these results of no mortality difference
between the two and increased infective
complications with parenteral nutrition
(5) but certainly no mortality benefit

from early enteral feeding. Finally, in a
very large randomized trial of tight glu-
cose control in critically ill patients ade-
quately fed by enteral and/or parenteral
nutrition, the improvement in mortality
and infection rate was seen equally with
both forms of nutritional support (6).
Thus, based on the highest quality of ev-
idence presently available and until the
definitive randomized trial is conducted,
although early enteral nutrition may be
preferred when possible, parenteral nu-
trition with tight glucose control in the
critically ill should be considered the de-
sirable alternative to late enteral or no
feeding.
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