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Objectives: Microcirculatory alterations are associated with
adverse outcome in subsets of critically ill patients. The preva-
lence and significance of microcirculatory alterations in the gen-
eral ICU population are unknown. We studied the prevalence of
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microcirculatory alterations in a heterogeneous ICU population
and its predictive value in an integrative model of macro- and
microcirculatory variables.

Design: Multicenter observational point prevalence study.
Setting: The Microcirculatory Shock Occurrence in Acutely ill
Patients study was conducted in 36 ICUs worldwide.

Patients: A heterogeneous ICU population consisting of 501
patients.

Interventions: None.

Measurements and Main Results: Demographic, hemodynamic,
and laboratory data were collected in all ICU patients who were
18 years old or older. Sublingual Sidestream Dark Field imaging
was performed to determine the prevalence of an abnormal capil-
lary microvascular flow index (< 2.6) and its additional value in
predicting hospital mortality. In 501 patients with a median Acute
Physiology and Chronic Health Evaluation Il score of 15 (10-21),
a Sequential Organ Failure Assessment score of 5 (2-8), and a
hospital mortality of 28.4%, 17% exhibited an abnormal capillary
microvascular flow index. Tachycardia (heart rate > 90 beats/min)
(odds ratio, 2.71; 95% ClI, 1.67-4.39; p < 0.001), mean arterial
pressure (odds ratio, 0.979; 95% CI, 0.963-0.996; p = 0.013),
vasopressor use (odds ratio, 1.84; 95% CI, 1.11-3.07;
p = 0.019), and lactate level more than 1.5 mEg/L (odds ratio,
2.15; 95% ClI, 1.28-3.62; p = 0.004) were independent risk fac-
tors for hospital mortality, but not abnormal microvascular flow
index. In reference to microvascular flow index, a significant inter-
action was observed with tachycardia. In patients with tachycar-
dia, the presence of an abnormal microvascular flow index was
an independent, additive predictor for in-hospital mortality (odds
ratio, 8.24; 95% ClI, 1.30-8.06; p = 0.011). This was not true for
nontachycardic patients nor for the total group of patients.
Conclusions: In a heterogeneous ICU population, an abnormal
microvascular flow index was present in 17% of patients. This
was not associated with mortality. However, in patients with tachy-
cardia, an abnormal microvascular flow index was independently
associated with an increased risk of hospital death. (Crit Care
Med 2014; XX:00-00)

Key Words: in vivo microscopy; microcirculation; sidestream dark
field imaging; tachycardia

he presence and significance of microcirculatory

alterations in the early phase of critical illness, includ-

ing sepsis and heart failure, has been widely explored
(1-4). Although various techniques can provide information
on microvascular dysfunction, discrimination of capillary and
venule perfusion appears to be of paramount importance and
relies on direct in vivo microscopy methods, including Side-
stream Dark Field (SDF) imaging (5-7). Sublingual micro-
circulatory abnormalities identified by SDF are considered
clinically relevant and are independently associated with an
increased risk of morbidity and mortality (1, 2, 8-13). Con-
ventional hemodynamic monitoring appears to fall short in
detecting this “microcirculatory shock”™ a common finding
is the absence of a clear association between the microcir-
culation and macrohemodynamic variables, such as cardiac
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output and blood pressure (8,9, 11-18). Therefore, the micro-
circulation has the potential to be an important additional
target for monitoring both organ perfusion and treatment
efficacy (3, 19-21). Although conventional goal-directed ther-
apy is associated with improvement of capillary perfusion,
persisting microcirculatory abnormalities, despite fulfillment
of resuscitation endpoints, are related to adverse outcome
(1, 12, 13). Interventions intended to ameliorate microcir-
culatory dysfunction have shown varying results and lack a
clear association with improved outcome (18, 20, 22-25). To
further understand the role of microcirculatory monitoring
and microcirculation-directed interventions, knowledge of
the prevalence of microcirculatory alterations in the general
intensive care population is of utmost importance. To date,
our knowledge is predominantly based on single-center stud-
ies in high mortality subgroups in the early phases of critical
illness. This implies that data on the prevalence of microcir-
culatory alterations in the general, heterogeneous intensive
care setting are not currently available. Observational stud-
ies in multicenter settings, such as the Sepsis Occurrence in
Acutely ill Patients and European Prevalence of Infection in
intensive Care trials, are valuable tools and have contributed
greatly to our knowledge of the prevalence of diseases (26, 27).
We applied a similar study design, focusing on current ICU
patient characteristics and hemodynamic monitoring, in a
worldwide multicenter setting. Furthermore, we evaluated the
prevalence and prognostic value of microcirculatory altera-
tions in our heterogeneous ICU population. In this article, we
present our main findings.

MATERIALS AND METHODS

Patient Inclusion

The Microcirculatory Shock Occurrence in Acutely ill Patients
(microSOAP) (NCTO01179243) study was scheduled for Sep-
tember 5-9, 2011 (28). ICU patients who were 18 years old or
older, regardless of their underlying disease, were eligible for
inclusion. All centers obtained medical ethics approval (or a
waiver, if applicable). Written informed consent for included
subjects was obtained in accordance with local applicable
laws. The exclusion criteria were a lack of informed consent
and patient-related factors that substantially interfered with
SDF imaging, such as recent maxillofacial surgery or mucosal
bleeding or injury. Funding consisted of an unrestricted grant
from a local hospital fund.

Data Collection

The data on patient characteristics, hemodynamics, laboratory
values, and treatment were collected together with simultane-
ous SDF imaging of the sublingual microcirculation. Being a
point prevalence study, data were collected on the same day for
all patients in a given ICU or ICU subunit.

The noninvasive SDF technique consists of a handheld
camera, emitting stroboscopic green light with a wavelength
within the absorption spectrum of hemoglobin (5). When
placed on mucosal surfaces, the stroboscopic light is absorbed
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by hemoglobin, thereby visualizing blood vessels by depicting
erythrocytes as black dots (29-31). Images were obtained and
analyzed in agreement with internationally accepted consensus
(29, 30).

Data Analysis

SDF Analysis. SDF clips were blindly analyzed offline in a
random order by a preselected group of well-trained SDF
researchers. Aiming for consensus, images were excluded in
cases of pressure artifacts, instability, or inadequate focus that
substantially interfered with the analysis. The coefficient of
variation for the analysis was calculated based on 10 randomly
selected SDF images.

Computer-assisted analysis (AVA 3.0 software; MicroVision
Medical, Amsterdam, The Netherlands) was performed in line
with international consensus. The semiquantitative microvas-
cular flow index (MFI), ranging from 0 (no flow) to 3 (contin-
uous flow), and percentage of perfused vessels (PPV) provide
information on convexity. MFI is scored as the predominant
type of flow in every image quadrant for every image. For
each patient, the average MFI was calculated (12, 29, 30, 32).
Total vessel density (TVD) and perfused vessel density (PVD),
both in mm/mm?, provide information on diffusion. The
image analysis is described in detail elsewhere (29, 30). Being
the minimum reported value for the lower bound of the 95%
CI of MFI in healthy volunteers, a small vessel (< 20 pum)
MFI less than 2.6 was considered as abnormal (4, 12, 33, 34).
Microcirculatory variables pertain to small vessels, unless indi-
cated otherwise.

Statistical Analysis. Patient data were described using
descriptive statistics. Student ¢ test, the Mann-Whitney
U test, or Fisher exact test were used to test for differences
between variables. Backwards stepwise multivariable logistic
regression analysis was applied to identify predictors of hos-
pital mortality. For multivariable models, an area under the
curve (AUC) was calculated. Logistic regression analysis was
repeated in patients with tachycardia, a post hoc-defined sub-
group based on a significant interaction between tachycardia
(heart rate [HR], > 90 beats/min) and an abnormal MFI. To
correct for unavailability of data, multiple imputation analy-
sis was used (20 imputations). Lactate values and microcircu-
latory variables were not imputated. Hosmer and Lemeshow
goodness-of-fit test was used to describe the fit of the model.
Statistical analysis is described in detail in the supplemental
data (Supplemental Digital Content 1, http://links.lww.com/
CCM/B26). The data were analyzed using SPSS 21.0 (IBM,
New York, NY) and GraphPad Prism 5.04 (GraphPad Soft-
ware, La Jolla, CA) and are presented as the median (inter-
quartile range) or mean = sp, unless indicated otherwise. A p
value of less than 0.05 was considered statistically significant.

RESULTS

All Patients
Patient Inclusion. Of 753 screened patients, 531 patients were
included from 36 ICUs worldwide (Fig. 1). The majority of

www.ccmjournal.org 3


www.ccmjournal.org
http://links.lww.com/CCM/B26
http://links.lww.com/CCM/B26

Vellinga et al

HR and arterial lactate level

i SDF non-related
| 36 ICUs worldwide | non-relate

| 753 patients screened |

132 patients: no informed consent

9 patients: procedures in progress

6 patients < 18 years

3 dying patients

3 patients: protocol violation

2 patients in custody

3 patients: discharge to another ICU
2 participation in another study

(Table S2, Supplemental Digi-
tal Content 1, http://links.Iww.
com/CCM/B26). Multivari-
able logistic regression identi-
fied higher APACHE II score, a
stay in ICU more than 24 hours
before SDF, arterial lactate level

more than 1.5 mEq/L, tachycar-

232 patients excluded SDF-related

SDFimages

images

20 patients: SDF images .
unsuitablefor analysis .

dependency

+ 12 non-intubated patients: inability to obtain
+ 19intubated patients: inability to obtain SDF
+ 22 uncoOperative patients (e.g., agitation)

7 patients: recent oral/maxillofacial surgery

6 patients: non-invasive ventilation/high 02

+ 5 patients: inability to obtain SDF images,
reason unknown

dia, lower mean arterial pres-
sure (MAP), renal replacement
therapy, use of a vasopressor,
and being admitted to ICU
because of sepsis, respiratory
insufficiency, or cardiac dis-
ease as independent predictors
of hospital mortality (for odds
ratios [ORs], see Table 1) (AUC
for this model, 0.83; 95% CI,

501 patients: SDF analysis
available

0.79-0.87; p < 0.001).

Unknown: 1 patient

Integrating Micro- and

Figure 1. Overview of screened, included and excluded patients. Reasons for exclusion are divided into
Sidestream Dark Field imaging (SDF) related and SDF non-related (including absence of informed consent).

exclusions (68%) were not SDF related, with 57% attributable
to the lack of informed consent. Twenty patients (3.8%) were
excluded because of insufficient SDF image quality, and 501
patients (81% of the eligible patients) were available for fur-
ther analysis.

General Characteristics. Baseline characteristics of the
study population are shown in Table S1 (Supplemental Digi-
tal Content 1, http://links.lww.com/CCM/B26). Patients were
62 years old (51-73 yr) with an Acute Physiology and Chronic
Health Evaluation (APACHE) II score of 15 (10-21) and a
Sequential Organ Failure Assessment (SOFA) score of 5 (2-8).
The most common reasons for ICU admission were surgery
(33%) and sepsis (17%).

Microcirculatory Variables. An abnormal MFI was observed
in 86 patients (17%). The number of adequately resuscitated
patients, as determined by the attending physician, did not differ
between patients with and without an abnormal MFI (85% vs
78%, p = 0.15). In patients with an abnormal MFI, we observed a
higher heterogeneity index (0.80 [0.40—1.32] vs 0.00 [0.00-0.35],
p<0.001) and a lower PPV (0.92 [0.87-0.95] vs 0.98 [0.96-1.00],
p < 0.001) and PVD (17.21£3.95 vs 18.83%3.88 mm/mm?);
however, TVD did not differ (18.93+3.98 vs 19.32+3.99mm/
mm?, p = 0.41) (supplemental data, Supplemental Digital Con-
tent 1, http://links.lww.com/CCM/B26). No differences in micro-
circulatory variables were observed between different admission
diagnoses. The coefficient of variation for the SDF analysis varied
from 0% = 0% for large vessel MFI and 2% =+ 2% for small vessel
MFI to 7% + 4% for the (perfused) De Backer score.

Outcome. Hospital nonsurvivors (28.4%) displayed higher
APACHE II and SOFA scores, lower hemoglobin, and a higher

4 www.ccmjournal.org

Macrohemodynamic
Monitoring

The wuse of macrohemo-
dynamic monitoring other than blood pressure and HR
appeared to be very limited (Table S3, Supplemental Digi-
tal Content 1, http://links.lww.com/CCM/B26). The mea-
surement of cardiac output and S(c)vo, was restricted to
6.2% and 20%, respectively. Furthermore, the percentage of
patients with hypotension, defined as a MAP less than 65 mm
Hg, was as low as 8%. However, tachycardia, defined as a HR
more than 90 beats/min (bpm), was present in 204 patients
(41%). This threshold was confirmed for our database as the
optimal cutoff value for hospital mortality with a sensitivity
of 66% and a specificity of 62% (AUC, 0.69 [0.63-0.74]; p <
0.001). Tachycardia was significantly less frequent in patients
who had been admitted to the ICU less than 24 hours prior,
compared with other patients (47% vs 27%, p < 0.001).
Patients with tachycardia had significantly higher APACHE
II and SOFA scores and lower hemoglobin levels. No signifi-
cant differences were observed in lactate levels (1.3 [0.9-2.1]
vs 1.2 [0.9-2.0] mEq/L, p = 0.28). Vasopressor use was more
frequent in patients with a HR more than 90 bpm (37% vs
26%, p = 0.007) (Table S4, Supplemental Digital Content 1,
http://links.lww.com/CCM/B26). No significant difference
was observed between patients with or without tachycardia in
terms of the number of subjects considered adequately resus-
citated (78% vs 81%, p = 0.50). In contrast, these data for
patients with and without hypotension (MAP < 65 mm Hg)
were 48% and 82%, respectively (p < 0.001).

Tachycardia was an independent predictor of hospital mor-
tality (HR > 90 bpm 41%, HR < 90 bpm 19%, p < 0.001; OR,
2.71[1.67-4.39], p<0.001) (Table 1 and Fig.2). In patients with
tachycardia, not only lactate levels more than 1.5 mEq/L but
also an abnormal MFI was one of the independent, additional
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TABLE 1. Multivariable Logistic Regression for Variables Associated With Hospital

Mortality

Variable

Hospital mortality®
Acute Physiology and Chronic Health Evaluation Il
Stay in ICU > 24 hr before SDF
Lactate level > 1.6 mEq/L"
Heart rate > 90 bpm
Mean arterial pressure (mm Hg)
Use of any vasopressor
Renal replacement therapy
Reason for ICU admission®
Surgery (reference category)
Sepsis
Trauma/hemorrhage/other
Respiratory insufficiency/cardiac disease
Neurological disorders
Hospital mortality for heart rate > 90¢
Lactate level > 1.5 mEqg/L"
Stay in ICU > 24 hr before SDF
Abnormal microvascular flow index®
Use of any vasopressor
Reason for ICU admission®
Surgery (reference category)
Sepsis
Trauma/hemorrhage/other
Respiratory insufficiency/cardiac disease

Neurological disorders

OR (95% Cl) p

1.05 (1.02-1.08) 0.001
2.81(1.63-5.21) 0.001
2.15 (1.28-3.62) 0.004
2.71 (1.67-4.39) < 0.001
0.979 (0.963-0.996) 0.013
1.84 (1.11-3.07) 0.019
2.26 (1.07-4.80) 0.034
0.022
1.00
2.07 (1.02-4.22) 0.045
1.68 (0.74-3.3b) 0.239
3.44 (1.73-6.87) < 0.001
2.32 (0.96-5.58) 0.061
2.84 (1.36-5.92) 0.005
292 (1.19-714) 0.020
3.24 (1.30-8.06) 0.011
291 (1.48-5.74) 0.003
0.022
1.00

3.08 (1.27-7.45) 0.013
1.04 (0.37-2.97) 0.935
3.54 (1.38-9.08) 0.008
1.63 (0.43-6.16) 0.473

OR = odds ratio, SDF = Sidestream Dark Field imaging.

*Multivariable logistic regression for hospital mortality (all patients). Average Nagelkerke R? = 0.37 (range, 0.36-0.41) (p < 0.001), average Hosmer and
Lemeshow chi-square = 5.303 (range, 1.383-9.400), p = 0.710 (range, 0.310-0.994).

®As compared with patients with a lactate < 1.5 mEqg/L or no lactate measurement available.

°As compared with patients with surgery as admission diagnosis.

dMultivariable logistic regression for hospital mortality for patients with heart rate > 90 beats/min (n = 204). Nagelkerke R? = 0.32 (p < 0.001), Hosmer and
Lemeshow chi-square, 5.576 (p = 0.59). p = 0.022 for overall effect of admission diagnosis. Because Acute Physiology and Chronic Health Evaluation Il score

was not included in this model, models in all imputations were equal.
®Microvascular flow index < 2.6 for vessels < 20 pum.

risk factors for in-hospital death (68% vs 38%, p = 0.002; OR
3.24 [1.30-8.06], p = 0.011) (Table 1). AUC (95% CI) for this
model was 0.79 (0.73-0.86; p < 0.001). In contrast, an abnor-
mal MFI did not have an additional predictive value in patients
with a HR less than or equal to 90 bpm (Fig. 2).

DISCUSSION
By including more than 500 patients with a variety of underly-

ing diseases, the microSOAP trial is presently the largest pro-
spective study investigating the prevalence and significance of
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microcirculatory alterations in a heterogeneous ICU popula-
tion. Applying a predefined threshold, an abnormal MFI was
observed in 17% of patients (4). In the mixed ICU population,
lactate levels and several macrohemodynamic variables, but
not microcirculatory variables, were independent predictors of
hospital mortality. After post hoc identification of a high-risk
tachycardic subpopulation, abnormal microcirculatory blood
flow was an additional independent risk factor for death.

In our study, the likelihood of microcirculatory abnor-
malities was lower than reported previously. This may in
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Hospital mortality (%)

observed in our study popula-
tion (45).

In contrast to previous liter-
ature, we found indications for

* P<0.001 an association between macro-
£P=0.55 and microcirculatory  vari-
§P=0.01 ables: an abnormal MFI was
+P =0.006 an independent predictor for
$ P =0.001 hospital death in subjects with

' tachycardia. This was indepen-
9P=0.29

dent of inotrope use. Linking
microcirculatory abnormalities
with hypotension was impos-
sible due to the low prevalence
of patients (8%) with a MAP
less than 65 mm Hg. However,
tachycardia was present in
41% of patients and was not
confined to patients included
within the first 24 hours of ICU
admission. Furthermore, the
attending physician considered
resuscitation adequate at the
moment of data acquisition,
irrespective of the presence of
tachycardia. These data are in

Figure 2. Hospital mortality for subgroups of patients with and without tachycardia (heart rate [HR], > 90
beats/min [bpm]). Normal microvascular flow index (MFI), i.e, MFI > 2.6 for vessels < 20 um. Abnormal MFI,
MFI < 2.6 for vessels < 20 pm. p < 0.05 is considered statistically significant.

part be explained by patient selection: our patients were less
severely ill than the patients in previously studied subgroups.
Furthermore, the majority of studies are restricted to the
early phase of critical illness. In the present study, the smaller
number of patients in subgroups such as sepsis did not allow
in-depth subgroup analysis. Furthermore, abnormal microcir-
culatory blood flow was not an independent risk factor in the
overall population, whereas a significant difference in abnor-
mal microcirculatory blood flow variables has been observed
between survivors and nonsurvivors in various studies.
However, previous smaller studies primarily focused on high
mortality subgroups. Indeed, in a recent study in early normo-
tensive sepsis, MFI was 3.00 (2.73-3.00) (35).

The observed association between macrohemodynamic
variables, lactate levels, and mortality confirms the present
clinical paradigm (36—46). Notably, a single measurement of
blood pressure or HR, irrespective of disease state and time-
frame, provided predictive value.

The prognostic significance of tachycardia is well-rec-
ognized, especially in cardiac disease, but also in different
phases of critical illness (44, 45, 47-50). In line with pre-
vious literature and our data, we used a cutoff value of 90
bpm for further analysis (45, 49-51). Using this cutoff value
at ICU discharge resulted in similar differences in mortal-
ity in patients with multiple organ dysfunction syndrome as
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agreement with the fulfillment
of resuscitation goals in the
existing guidelines, in which
HR is not an endpoint. In addi-
tion, some patients appear to
display a well-compensated microcirculatory blood flow under
conditions of increased stress, including tachycardia, whereas
others do not. Persisting microcirculatory shock has been
related to adverse outcome, and accordingly, patients in whom
microcirculatory perfusion increases during the course of their
disease may have an increased chance of a better outcome (3,
52). Therefore, the ability to preserve microcirculatory perfu-
sion under conditions of stress appears to be key to a more
favorable clinical course.

This study has several limitations. A capillary MFI less
than 2.6 was a priori defined as the threshold for an abnor-
mal MFL. MFI was chosen because of the possibility of bed-
side evaluation of this variable, in contrast to the mandatory
offline analysis for other variables (53). This could maximize
the clinical applicability of the findings. The threshold value
was based on previous studies describing the range of MFI in
healthy volunteers (4, 12, 33, 34). In order to minimize false-
positive findings, the minimum reported lower bound of the
95% CI in healthy volunteers was used as threshold value (12).
A capillary MFI less than 2.6 has been shown to be the opti-
mal cutoff value for the response to fluid administration (19).
Although SDF enables direct visualization of capillaries, sev-
eral other techniques, such as near-infrared spectroscopy and
laser Doppler flowmetry, are also useful in providing informa-
tion on the microcirculation (6).
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Due to the design of the study, data on the incidence of
microcirculatory flow abnormalities cannot be estimated.
Presumably, our data underestimate the true incidence of
microcirculatory dysfunction, as it has been observed that
these alterations attenuate over time (1, 22, 54). Furthermore,
no information on the relevance of changes of both macro-
and microcirculatory variables over time can be provided.
Because of a significant interaction between tachycardia and
an abnormal MFI, analysis in the subgroup of patients with
tachycardia was appropriate, nevertheless being a post hoc
analysis. Despite being the largest prospective study in this
field so far, lower numbers of patients per subgroups may have
masked clinically relevant differences.

Approximately one third of all screened patients were not
included in the study, predominantly due to a lack of informed
consent. However, the vast majority of reasons for noninclu-
sion were not related to sublingual in vivo microscopy, and
only 3.8% of the included patients were excluded because of
inadequate SDF image quality. In agreement with previous lit-
erature, the coefficient of variation for our analysis was good
(9,12, 30). Furthermore, by aiming for consensus between SDF
researchers, we aimed to keep differences in analysis to a mini-
mum. It must be mentioned, however, that although improved
technology is forthcoming, the current need for detailed offline
analysis is a severe impairment of the practical bedside appli-
cability of this technique (55). Finally, the limited macrohemo-
dynamic monitoring did not allow for an extensive evaluation
of a possible relationship between S(c)vo, or cardiac output
and microcirculatory variables. Our data reflect daily clinical
practice in critical care and seem to be in contrast with an over-
whelming interest for more advanced hemodynamic monitor-
ing in the current literature.

CONCLUSIONS

This study provides an estimation of the prevalence of micro-
circulatory abnormalities in a heterogeneous ICU population
and may serve as a basis for future studies. In this general ICU
population, an abnormal MFI is not associated with mortality,
whereas the presence of an abnormal MFI independently pre-
dicts an increased risk of dying in patients already at risk for
adverse outcome due to tachycardia. Our data bridge the gap
between micro- and macrocirculatory dysfunction, suggest-
ing that microcirculatory monitoring could be a potentially
clinically important extension of conventional hemodynamic
monitoring. Future research could seek to unravel the under-
lying mechanisms of microcirculatory shock and potential
therapeutic options.
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Appendix 1. Participating Centers and
Members of the microSOAP Study Group

E. C. Boerma, MD, PhD, M. Koopmans, RN, N. A. R. Vellinga,
MD, ICU, Medical Center Leeuwarden, The Netherlands; M.
van Iterson, MD, PhD, ICU, St. Antonius Hospital, Nieuwe-
gein, The Netherlands; P. H. J. van der Voort, MD, PhD, ICU,
Onze Lieve Vrouwe Gasthuis, Amsterdam, The Netherlands;
]J. Bakker, MD, PhD, J. van Bommel, MD, PhD, C. Ince, PhD,
ICU, Erasmus Medical Center, Rotterdam, The Netherlands; P.
E. Spronk, MD, PhD, FCCP, ICU, Gelre Ziekenhuizen, Apel-
doorn, The Netherlands; C. Ruiz, MD, G. Hernandez, MD,
PhD, Departamento de Medicina Intensiva, Escuela de Medic-

ina, Facultad de Medicina, Pontificia Universidad Catdlica de
Chile, Santiago, Chile; E R. Machado, MD, PhD, A. T. Bafi, MD,
Departamento de Anestesiologia, Dor e terapia Intensiva, Hos-

pital Sao Paulo, Universidade Federal de Sao Paulo, Sao Paulo,
Brasil; A. Dubin, MD, PhD, V. S. Kanoore Edul, MD, Servicio de
Terapia Intensiva, Sanatorio Otamendi y Miroli, Buenos Aires,

Argentina; H. S. Canales, MD, ICU, Hospital San Martin, La
Plata, Argentina; E J. Hurtado, MD, G. Lacuesta, MD, M. Baz,

MD, ICU, Hospital Espafiol “Juan J Crotoggini,” Montevideo,
Uruguay; S. M. Hollenberg, MD, FACC, FCCM, FAHA, FCCP,
U. Patel, MD, ICU, Cooper University Hospital, Cooper Medi-
cal School of Rowan University, Camden, NJ; N. I. Shapiro, MD,
MPH, ICU, Beth Israel Deaconess Medical Center/Harvard
Medical School, Boston, MA; H. Gomez, MD, P. Simon, MD,
M. Pinsky, MD, CM, Dr hc, MCCM, FCCP, Critical Care Medi-
cine, University of Pittsburgh, Pittsburgh, PA; E G. Sadaka,
MD, K. Krause, RN, Critical Care Medicine/Neurocritical
Care, Mercy Hospital St. Louis/St. Louis University Hospital,
St. Louis, MO; R. Mehta, MD, PhD, ICU, University of Cali-
fornia, San Diego, CA; C. Jung, MD, Department of Internal

Medicine I, Universitidtsklinikum Jena, Friedrich-Schiller-Uni-
versity, Jena, Germany; M. Fries, MD, PhD, Department of Sur-
gical Intensive Care, University Hospital Aachen, Germany; R.
M. Pearse, MBBS, FRCA, FFICM, A. Smith, RGN, Adult Criti-
cal Care Unit, Royal London Hospital, London, United King-
dom; D. S. Martin, MD, PhD, P. Meale, RGN, ICU, Royal Free
Hospital, London, United Kingdom; S. Jhanji, MD, PhD, ICU,
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The Royal Marsden Hospital, Chelsea, London, United King-
dom; G. Minto, MD, FRCA, C. Lai, C. Ferguson, H. McMillan,
T. Quintrell, M. Sair, ICU, Derriford Hospital, Plymouth; and
Plymouth University Peninsula School of Medicine, Plymouth,
United Kingdom; G. Martinelli, MD, M. Lombrano, MD, ICU,
New Cross Hospital, Wolverhampton, United Kingdom; S. M.
A. Hubble, MD, C. Thorn, PhD, ICU, Royal Devon and Exeter
Hospital, Exeter, United Kingdom; A. H. Rodriguez, MD, PhD,
I. Martin-Loeches, MD, PhD (current affiliation: Critical Care
Centre, Corporacio Sanitaria I Universitaria Parc Tauli-Hos-
pital de Sabadell, Barcelona, Spain) Critical Care Department,
Joan XXIII University Hospital, Tarragona, Spain; F. M. P. van
Haren, MD, PhD (current affiliation: Intensive Care Unit, Can-
berra Hospital, Canberra, Australia) Department of Intensive
Care Medicine, Waikato Hospital, Hamilton, New Zealand;
A. Pranskunas, MD, PhD, V. Pilvinis, MD, PhD, Intensive
Care Department, Lithuanian University of Health Sciences,
Kaunas, Lithuania; A. Donati, MD, Clinica di Anestesia e Rian-
imazione, Azienda Ospedaliera-Universitaria Ospedali Riuniti,
Ancona, Italy; C. Sorbara, MD, A. Forti, MD, A. Comin, PhD,
Dipartimento di Anestesia, Rianimazione e Terapia Intensiva,
Azienda ULSS 9 Veneto, Treviso, Italy; M. L. Chierego, MD, T.
Pellis, MD, ICU, Santa Maria degli Angeli Hospital, Pordenone,
Italy; A. Holley, MD, FACEM, FCICM, J. Paratz, MD, PhD, ICU,
The University of Queensland and Royal Brisbane and Wom-
en’s Hospital, Brisbane, Australia; J. Duranteau, MD, PhD, A.

Harrois, MD, Departement d’Anesthesie-Reanimation, Hopi-
taux Universitaires Paris-Sud, Université Paris-Sud, Hopital

de Bicétre AP-HP, Le Kremlin-Bicétre, Paris, France; D. Payen,
MD, PhD, M. Legrand, MD, PhD, Department of Anesthesi-
ology, Critical Care et SMUR, Hépital Lariboisiere AP-HP/
Université Paris 7 Diderot, Paris, France; G. M. Balestra, MD,
E. Bucher, MD, Medical ICU, University Hospital Basel, Swit-
zerland; R. Pattnaik, Ispat Hospital, Rourkela, Orissa, India; A.
M. Dondorp, MD, PhD, M. T. Herdman, MD, PhD, Faculty of
Tropical Medicine, Mahidol University, Bangkok, Thailand; U.
Aypar, MD, B. Ayhan, MD, ICU, Hacettepe University, Ankara,
Turkey; T. Ayazoglu-Akarsu, MD, ICU, Kosuyolu University,
Istanbul, Turkey.
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