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Abstract

Background: Patients admitted after cardiac arrest with non-shockable rhythm frequently experience hemodynamic instability. This study assessed
the hemodynamic consequences of TTM in this sub population.

Methods: This is a post hoc analysis of the HYPERION trial (NCT01994772), that randomized patients to either hypothermia or normothermia after
non-shockable rhythm related cardiac arrest. Patients with no, moderate or severe circulatory failure were identified with cardiovascular Sequential
Organ Failure Assessment at randomization. Primary outcome was the number of patients at day 7 with resolution of shock, accounting for the risk of
death (competing risk analysis). Secondary endpoint included neurological outcome and death at day-90.

Results: 584 patients were included in the analysis: 195 (34%), 46 (8%) and 340 (59%) had no, moderate and severe circulatory failure, respec-
tively. Resolution of circulatory failure at day 7 was more frequently observed in the normothermia group than in the TTM group (60% [95 %Cl 54—66]
versus 53% [95 %Cl 46—60], Gray-test: p = 0.016). The severity of circulatory failure at randomization was associated with its less frequent resolution
at day 7 accounting for the risk of death (76 % [62—86] versus 54% [49-59] for patients with moderate versus severe circulatory failure, Gray test,
p < 0.001, respectively). At day 90, the proportion of patients with Cerebral Performance Category score of 1 or 2 was lower in patients presenting
severe circulatory failure (p = 0.038).

Conclusion: Circulatory failure is frequent after CA with non-shockable rhythm. Its severity at admission and TTM were associated with delayed
resolution of circulatory failure.
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nes® to prevent or limit hypoxic-ischemic brain damage in CA
patients remaining comatose after restoration of spontaneous circu-
lation resuscitation (ROSC).° Circulatory failure may be potentially
worsened by induced hypotermia, which is potentially a stress to

Introduction

In consequence of whole body ischemia—reperfusion syndrome sub-

sequent to cardiac arrest (CA), successfully resuscitated patients
often develop severe post-resuscitation circulatory failure,"* associ-
ating vasoplegia, myocardial dysfunction and systemic ischemic
injury.>° This circulatory failure, included in the well-known “post-
resuscitation disease”, may be associated with different other organ
failure and drastically impacts outcome.®” Targeted temperature
management (TTM) is so far recommended by international guideli-

the cardiovascular system with significant hemodynamic impact
involving decreased cardiac index, lower heart rate and increased
systemic vascular resistance.®> While there is a lot of experimental
and animal data'®'® on the impact of temperature management
and hemodynamics,'? ' very few data have been published so far
to describe the potential longitudinal impact of TTM on early hemo-
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dynamics of resuscitated CA patients. The HYPERION trial'®
recently provided data in favor of hypothermia in CA patients with ini-
tial non-shockable rhythm. Impact of such a strategy on hemody-
namic parameters in patients presenting post-resuscitation
circulatory failure has not been fully studied in this situation.

In the present study, using the Hyperion trial data, we aimed to
investigate cardiovascular consequences of hypothermia in CA
patients with non-shockable rhythm and its association with outcome.

Methods

Design

This was a post-hoc analysis of the Hyperion trial (NCT01994772), a
multicentric French randomized controlled trial investigating TTM at
33°c versus normothermia during the first 24 hours in comatose
(score < 8 on the Glasgow Coma Scale) CA patients with non-
shockable rhythm survivors.'®

Patients

In this post hoc analysis, all the patients included in the Hyperion trial
were included. Severity of circulatory failure at admission was
defined with the cardiovascular Sequential Organ Failure Assess-
ment (cSOFA),"® and patient were divided in 3 groups: no (CSOFA
equal to 0 or 1, no vasopressor support), moderate (cCSOFA equal
to 2 or 3, inotrope support or low dose vasopressor support < 0.5 p
g/kg/min) and severe circulatory failure (cSOFA equal to 4, high dose
of vasopressor support > 0.5 pug/kg/min).

According to the French law, because the strategies used in both
groups were considered to be components of standard care,
informed consent for trial participation was not required. However,
French data-protection authorities require that patients be given
the opportunity to decline that their data to be used. Therefore, since
the patients had coma, it was required that the closest available rel-
atives received specific information about trial enrollment. Patients
with no available relative were included in the trial, informed as soon
as they regained competence, and were asked whether they wanted
to remain in the trial; if the answer was negative, they were excluded
from the analysis. Approval of the ethical comitee of the French Soci-
ety of Intensive Care Medicine was obtained (CE-SRLF-11-335).

Intervention

Patients were randomized to intervention groups of moderate thera-
peutic hypothermia (33 °C) or targeted normothermia (37 °C). In the
hypothermia group, hypothermia at 33 °C was induced and maintained
for 24 hours; an then slow rewarming with a maximum speed of 0.5°/
hour was performed to 36.5 to 37.5 °C, and maintained for 24 hours. In
the normothermia group, body temperature was maintained at 36.5 to
37.5 °C for 48 hours. Hemodynamic evaluations were conducted to
allow blood volume optimization. Hypovolemia was managed with
crystalloid or colloid infusion, according to standard practice in each
participating intensive care unit (ICU). The introduction of vasoactive
drug treatment was at the discretion of the physicians, who followed
international guidelines and local protocols. A mean arterial pressure
of 65 mmHg and, if measured, central venous oxygen saturation
(ScvO2) > 70% were considered reasonable targets.

Endpoints
The primary endpoint of the present study was the number of patient
with circulatory failure resolution at day 7. Resolution of shock was

defined as the definite weaning of both vasopressors and inotropes
for at least 24 hours, identified by a cSOFA equal to 0.

Secondary endpoints included the timing of circulator failure res-
olution, the association of circulatory failure with the Cerebral Perfor-
mance Category (CPC) score on day 90 as well as day-90 mortality.

Statistical analysis

Continuous variables were expressed as median (1st-3rd quartiles)
while categorical variables were expressed as frequencies (percent-
age). Baseline characteristics were compared across cSOFA cate-
gories using ordered Cochrane-Armitage test and Jonckheere’s
test for categorical and continuous variables, respectively.

The primary outcome was assessed using a competitive risk
analysis and compared with a Gray Test. Indeed, the event of inter-
est was the resolution of shock during the first 7 days. This outcome
is impacted by the time of onset of the event of interest. Patients who
have not experienced the event at the end of follow-up (day 7) were
censored. To determine the risk of an event occurring at a certain
time-point, a fundamental assumption is the outcome is not associ-
ated with an altered chance of the event occuring at any given
moment. Death (from any causes) before resolution of shock is a
competing event. For that puprpose, outcome was assessed using
a competing risk model (Gray test, and cumulative incidence curves).

All statistical tests were two-sided, with p < 0.05 considered sig-
nificant. Statistical analysis was computed with R software (Version
3.6.3; R Foundation for Statistical Computing, Vienna, Austria) and
the statistical package Crmpsk for the competing risk analysis.

Results

Patients

All of the 581 patients included in the Hyperion trial were included in
this post-hoc analysis: 284 allocated to TTM and 297 to normother-
mia. At inclusion, 195 (34%), 46 (8%) and 340 (59%) patients had
no, moderate and severe circulatory failure, respectively. Baseline
characteristics were not different between the 3 groups (Tablet),
except for a statistically longer no-flow time in patients who did not
have circulatory failure (p = 0.045), a lower temperature at enroliment
(p = 0.035) and a more frequent use of epinephrine (p = 0.012) in
patients with severe circulatory failure. Proportions of patients receiv-
ing inotrope or vasopressor for the first 7 days after CA according to
group of randomization are given in Fig. 1. Baseline characteristics
and outcome of these patients are described in ESM Table 1. Hemo-
dynamics variables and temperature during the first 68 hours of man-
agement are given in ESM Fig. 1. Twenty patients developed
circulatory failure after the period of intervention (ESM Table 2).

Primary outcome

Among patients presenting circulatory failure at admission, resolution
of shock at day-7 was more frequently observed in the normothermia
than in the TTM group (60% [95 %CI| 54—66] versus 53% [95 %ClI
46-60], Gray-test: p = 0.016) (Fig. 2). Mortality at day 7 was similar
in TTM group and normothermia group (36% [95 %CIl 30—-42] versus
43% [95 %CIl 36-50], Gray-test: p = 0.18). Among survivors at day 7,
median duration of circulatory failure was 2 [1;3] days in normother-
mia group versus 3 [2;4] days in TTM group (p < 0.001). The severity
of circulatory failure at randomization was associated with a lower
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Overall No shock Moderate shock Severe shock Pirend
n 581 195 46 340
Age - years 67.00 [57.00, 76.00] 65.00 [55.00, 74.00] 65.00 [55.50, 77.75] 67.00 [58.00, 76.00] 0.977
Sexe = male (%) 373 (64.2) 131 (67.2) 30 (65.2) 212 (62.4) 0.129
Charlson score 1.00 [0.00, 3.00] 1.00 [0.00, 3.00] 2.00 [1.00, 3.75] 1.00 [0.00, 3.00] 0.935
Chronic heart failure 66 (11.4) 20 (10.3) 6 (13.0) 40 (11.8) 0.618
Chronic respiratory disease 204 (47.0) 59 (44.4) 18 (42.9) 127 (49.0) 0.351
Location of cardiac arrest 0.378

Home 295 (50.8) 106 (54.4) 20 (43.5) 169 (49.7)

Hospital 159 (27.4) 45 (23.1) 13 (28.3) 101 (29.7)

Public place 127 (21.9) 44 (22.6) 13 (28.3) 70 (20.6)
Bystander-witnessed cardiac arrest 204 (47.0) 59 (44.4) 18 (42.9) 127 (49.0) 0.579
Bystander-performed CPR 407 (74.4) 128 (70.3) 31 (72.1) 248 (77.0) 0.239
Cause of cardiac arrest 0.141

Asphyxia 290 (49.9) 103 (52.8) 20 (43.5) 167 (49.1)

Other medical cause 82 (14.1) 23 (11.8) 6 (13.0) 53 (15.6)

Cardiac cause 153 (26.3) 49 (25.1) 17 (37.0) 87 (25.6)

Pulmonary embolism 21 (3.6) 4 (2.1) 1(2.2) 16 (4.7)

Neurological cause 13 (2.2) 5 (2.6) 0 (0.0) 8 (2.4)

Drowning 6 (1.0) 1(0.5) 1(2.2) 4(1.2)

Hanging 13 (2.2) 9 (4.6) 0 (0.0) 4(1.2)

Trauma 3 (0.5) 1 (0.5) 1(2.2) 1(0.3)

No_flow - min 2.00 [0.00, 5.00] 3.00 [0.00, 7.00] 1.00 [0.00, 5.00] 1.00 [0.00, 5.00] 0.033
Low_flow - min 16.00 [10.00, 25.00] 16.00 [10.00, 25.00] 19.50 [9.25, 25.75] 15.50 [10.00, 26.25] 0.806
Use of epinephrin 535 (92.1) 173 (88.7) 42 (91.3) 320 (94.1) 0.012
Coronary angiogrpahy 148 (25.5) 46 (23.6) 11 (23.9) 91 (26.8) 0.407
Temperature at enroliment - °C 35.5 [34.5, 36.4] 35.60 [34.8, 36.5] 35.55 [34.4, 36.5] 35.40 [34.3, 36.4] 0.035
Hypothermia 284 (48.9) 101 (51.8) 19 (41.3) 164 (48.2) 0.480

Categorical variables are expressed as number (%) and continous variables as median (interquartile ranges).
SOFA, Sequential organ failure assessment.
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Fig. 1 - Evolution of cardiovascular SOFA over time according to group of randomization. SOFA Sequential organ
failure asssessment, TTM Targeted temperature management (hypothermia).

resolution of shock at day 7 accounting for the risk of death (76 % Secondary outcome
[95 %Cl 62-86] for patients with moderate shock, versus 54% TTM interruption was not more frequent in patients presenting the
[95 %Cl 49-59] for patients with severe shock, gray test, p < 0.001). most severe circulatory failure and was observed in 22 (13.4%), 4
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Fig. 2 - Cumulative incidences of death and haemodynamic improvement over time according to the group of
randomization. These cumulative incidence functions were obtained after competitive risk analysis and were
statistically different concerning the timing of resolution of circulatory failure (gray test, p = 0,016) while the
probabilty of death. TTM Targeted temperature management (hypothermia).

(21.1%) and 10 (9.9%) patients with severe, moderate and no circu-
latory failure at admission, respectively (p = 0.370).

At day-90, survival was similar in the 3 groups (p = 0.49, Table 2).
Proportion of patients with a CPC score of 1 or 2 at day 90 was lower
in patients presenting severe circulatory failure at randomization
(p = 0.038).

Discussion

In this post hoc analysis of the Hyperion trial involving 581 comatose
patients after CA with non-shockable rhythm admitted to the ICU, we
compared outcomes over severity of post-resuscitation circulatory
failure within the first 7 days after ICU admission. To our knowledge,
only few small studies have investigated hemodynamic during TTM
in this subgroup of patients. We found that 1) while heart rate was
significantly lower in patient with TTM, MAP was similar between
the two groups of randomization 2) 66 % of patients evidenced
post-resuscitation circulatory failure at randomization, and the sever-
ity of shock at admission and the intervention were associated with a

delay in the timing of hemodynamic improvement 3) severity of shock
at admission was associated with a worse functional outcome at day
90 evaluated with CPC score.

Post-CA syndrome is frequent in CA survivors resuscitated from
initial non-shockable rhythm."#'” Its pathogenesis is complex,
involving at different levels ischemia reperfusion syndrome’ wors-
ened by the common hypoxic etiology'® as well as infectious phe-
nomena and myocardial dysfunction. Consequent systemic
inflammation induces vasodilatation and lower MAP 1, motivating
vasopressor infusion to avoid subsequent cerebral aggression,®'”
which may drastically grave the functional outcome of these
patients’. Precedent studies investigated the hemodynamic implica-
tion of TTM and found that several factors were associated with
higher need of vasopressor,®®'°2° as time to return to spontaneous
circulation, age, or percutaneous coronary intervention. While the cir-
culatory failure after ROSC is now well identified as a factor of poor
prognosis, '® the impact of TTM in these patients, potentially worsen-
ing the shock, is still unknown. Moreover, these moribund/instable
patients are very frequently excluded from these studies, precluding
us to drive conclusions.®?" In non-shockable rhythm CA survivors
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Table 2 - Outcome of the patients enrolled in the study according to the shock status at admission.

No shock Moderate shock Severe shock Pirend

n 195 46 340
Brain death 33 (20.1) 7 (20.0) 53 (18.7) 0.356
CPC score of 1 or 2 on day 90 12 (6.2) 8 (17.4) 26 (7.6) 0.038
CPC score distribution on day 90 0.479

1 7 (3.6) 5(10.9) 15 (4.4)

2 5 (2.6) 3 (6.5) 11 (3.2)

3 20 (10.3) 3 (6.5) 30 (8.8)

4 0 (0.0) 0 (0.0) 1 (0.3)

5 163 (83.6) 35 (76.1) 283 (83.2)
Death by day 90 160 (82.1) 35 (76.1) 283 (83.2) 0.332

Categorical variables are expressed as number (%) and continous variables as median (interquartile ranges).

CPC, Cerebral performance category.

admitted to the ICU, we found that the severity of shock at admission
was associated with a worse functional outcome at day-90. Further-
more, TTM delay the timing of shock resolution at day-7 although the
rate of TTM interruption was similar in the three subgroups. Grand
et al.,® found similar findings in patient with prolonged TTM in their
post-hoc analysis of the TT48 trial. Similar results have been
described in a retrospective registry-based study of 412 CA
patients.®

In these situation, TTM may worsen the hemodynamic status,
and consequently, could alter oxygen delivery to the brain. Indeed,
hypothermia has negative hemodynamic effects by slowering meta-
bolism and directly depressing myocardial function.?® Patients can
developped hypovolemia in consequence of an augmentation of
urine output (also called Gcold diuresisy).>® Afterload is also raised
through the release of catecholamins, leading to an increase of arte-
rial resistance.?? As a result of all these mechanisms, cardiac output
is decreased.? Finally, it has been reported that, in patients with pre-
existent coronary artery disease, coronary vasconstriction may occur
during hypothermia,®* because of an endothelial dysfunction, and
worsen oxygen delivery to heart. Then, whether to apply or not such
a strategy in these patients remains a matter of debate, especially
since the results of the TTM2 trial® in which the authors found discor-
dant results in the subgroup of patients suffering cardiovascular fail-
ure at admission.

One strength of our study is the prospective and consecutive
inclusion of patients and collection of data, in a multicentric random-
ized trial, increasing the validity of our result. However, we acknowl-
edge that our study has several limitations. First, it was a non-
prespecified post hoc analysis, and the study may have lack of power
to identify association between variables and outcome. Second,
some patients died during the period of analysis and hemodynamic
data collection introducing a survival bias. However, the primary
cause of death was withdrawal of care related to anoxic brain dam-
age (64% of death), and we tried to limit this bias performing a com-
petitive risk analysis, and expect the bias to be minimal. Third, the
haemodynamic impact of TTM could have been more accurately
evaluated using vasopressors and inotropic support doses over time
as well as sedation doses. Unfortunately, these information were not
collected in the HYPERION trial. While we believe this could have
improved our findings, cardiovascular SOFA is a reliable tool used
to evaluate one-point as well as longitudinal cardiovascular data.
Finally, patients who developed circulatory failure after TTM were
not analyzed as shocked patient, which can introduce a selection

bias. However, we considered that this situation must not be consid-
ered as a post cardiac arrest syndrome but is due to other etiologies
(sepsis, ventilator associated pneumonia, hemorrhage).

Conclusion

Circulatory failure is frequent after CA with non-shockable rhythm
survivors admitted to the ICU. Severity of circulatory failure at admis-
sion and TTM strategy were associated with worse long-term neuro-
logical outcome and a delay in the timing of resolution of circulatory
failure.
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List of HYPERION investigators: P. Asfar MD Medical Intensive Care
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(France), N. Hubert MD Medical Intensive Care Unit, University
Hospital, Angers (France), A. Kouatchet MD Medical Intensive Care
Unit, University Hospital, Angers (France), N. Lerolle MD Medical
Intensive Care Unit, University Hospital, Angers (France), F. Martino
MD Medical Intensive Care Unit, University Hospital, Angers
(France), A. Mercat MD Medical Intensive Care Unit, University
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Intensive Care Unit, University Hospital, Angers (France), T. Raveau
MD Medical Intensive Care Unit, University Hospital, Angers
(France), T. Reydel MD Medical Intensive Care Unit, University
Hospital, Angers (France), M. Saint Martin MD Medical Intensive
Care Unit, University Hospital, Angers (France), V. Souday MD Med-
ical Intensive Care Unit, University Hospital, Angers (France), O.
Baudin-Jacquemin MD Medical Intensive Care Unit, General Hospi-
tal, Angouléme (France), C. Cracco MD Medical Intensive Care Unit,
General Hospital, Angouléme (France), A. Desachy MD Medical
Intensive Care Unit, General Hospital, Angouléme (France), C. Lafon
MD Medical Intensive Care Unit, General Hospital, Angouléme
(France), S. Rouleau MD Medical Intensive Care Unit, General
Hospital, Angouléme (France), D. Bougon MD Medical Intensive
Care Unit, General Hospital, Annecy (France), P. Charretier MD
Medical Intensive Care Unit, General Hospital, Annecy (France),
R. Chouquer MD Medical Intensive Care Unit, General Hospital,
Annecy (France), D. Dorez MD Medical Intensive Care Unit, General
Hospital, Annecy (France), E. Escudier MD Medical Intensive Care
Unit, General Hospital, Annecy (France), S. Gay MD Medical Inten-
sive Care Unit, General Hospital, Annecy (France), S. Hautefeuille
MD Medical Intensive Care Unit, General Hospital, Annecy (France),
A. Hyacinthe MD Medical Intensive Care Unit, General Hospital,
Annecy (France), A. Levrat MD Medical Intensive Care Unit, General
Hospital, Annecy (France), M. Muller MD Medical Intensive Care
Unit, General Hospital, Annecy (France), M. Sirodot MD Medical
Intensive Care Unit, General Hospital, Annecy (France), D. Contou
MD Medical Intensive Care Unit, General Hospital, Argenteuil
(France), M. Enser MD Medical Intensive Care Unit, General Hospi-
tal, Argenteuil (France), O. Pajot MD Medical Intensive Care Unit,
General Hospital, Argenteuil (France), G. Plantefeve MD Medical
Intensive Care Unit, General Hospital, Argenteuil (France), M. Thir-
ion MD Medical Intensive Care Unit, General Hospital, Argenteuil
(France), J. Tirolien MD Medical Intensive Care Unit, General Hospi-
tal, Argenteuil (France), H. Mentec MD Medical Intensive Care Unit,
General Hospital, Argenteuil (France), A. Ait Hssain MD Medical
Intensive Care Unit, University Hospital, Clermont-Ferrand (France),
C. Bachelier MD Medical Intensive Care Unit, University Hospital,
Clermont-Ferrand (France), 4 P. Bertrand MD Medical Intensive
Care Unit, University Hospital, Clermont-Ferrand (France), D. Bré-
geaud MD Medical Intensive Care Unit, University Hospital,
Clermont-Ferrand (France), L. Calvet MD Medical Intensive Care
Unit, University Hospital, Clermont-Ferrand (France), L . Charrier
MD Medical Intensive Care Unit, University Hospital, Clermont-
Ferrand (France), E. Coupez MD Medical Intensive Care Unit,
University Hospital, Clermont-Ferrand (France), A. Laggoune MD
Medical Intensive Care Unit, University Hospital, Clermont-Ferrand
(France), G. Lardillon MD Medical Intensive Care Unit, University
Hospital, Clermont-Ferrand (France), A. Lautrette MD Medical Inten-
sive Care Unit, University Hospital, Clermont-Ferrand (France), C.
Leroy MD Medical Intensive Care Unit, University Hospital,
Clermont-Ferrand (France), C. Lory MD Medical Intensive Care Unit,
University Hospital, Clermont-Ferrand (France), R. Malhomme MD
Medical Intensive Care Unit, University Hospital, Clermont-Ferrand
(France), E. Soum MD Medical Intensive Care Unit, University
Hospital, Clermont-Ferrand (France), B. Souweine MD Medical
Intensive Care Unit, University Hospital, Clermont-Ferrand (France),
P. Andreu MD Medical Intensive Care Unit, University Hospital, Dijon
(France), R. Bruyere MD Medical Intensive Care Unit, University
Hospital, Dijon (France), P.E. Charles MD Medical Intensive Care
Unit, University Hospital, Dijon (France), A. Dargent MD Medical

Intensive Care Unit, University Hospital, Dijon (France), A. Large
MD Medical Intensive Care Unit, University Hospital, Dijon (France),
S. Mortreux MD Medical Intensive Care Unit, University Hospital,
Dijon (France), A. Pavon MD Medical Intensive Care Unit, University
Hospital, Dijon (France), S. Prin MD Medical Intensive Care Unit,
University Hospital, Dijon (France), J.P. Quenot MD Medical Inten-
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MD Medical Intensive Care Unit, University Hospital, Dijon (France),
A. Toitot MD Medical Intensive Care Unit, University Hospital, Dijon
(France), M. Azais MD Medical Intensive Care Unit, District Hospital
Center, La Roche sur Yon (France), K. Bachoumas MD Medical
Intensive Care Unit, District Hospital Center, La Roche sur Yon
(France), A. Bailly MD Medical Intensive Care Unit, District Hospital
Center, La Roche sur Yon (France), L. Camous MD Medical Inten-
sive Care Unit, District Hospital Center, La Roche sur Yon (France),
G. Colin MD Medical Intensive Care Unit, District Hospital Center, La
Roche sur Yon (France), L. Crosby MD Medical Intensive Care Unit,
District Hospital Center, La Roche sur Yon (France), M. Fiancette
MD Medical Intensive Care Unit, District Hospital Center, La Roche
sur Yon (France), M. Henry Lagarrigue MD Medical Intensive Care
Unit, District Hospital Center, La Roche sur Yon (France), J.C.
Lacherade MD Medical Intensive Care Unit, District Hospital Center,
La Roche sur Yon (France), 5 C. Lebert MD Medical Intensive Care
Unit, District Hospital Center, La Roche sur Yon (France), L. Martin
Lefevre MD Medical Intensive Care Unit, District Hospital Center, La
Roche sur Yon (France), C. Pouplet MD Medical Intensive Care Unit,
District Hospital Center, La Roche sur Yon (France), A. Seguin MD
Medical Intensive Care Unit, District Hospital Center, La Roche sur
Yon (France), |. Vinatier MD Medical Intensive Care Unit, District
Hospital Center, La Roche sur Yon (France), A. Yehia MD Medical
Intensive Care Unit, District Hospital Center, La Roche sur Yon
(France), A. Bildea MD Medical Intensive Care Unit, General Hospi-
tal, Le Mans (France), S. Brodeur MD Medical Intensive Care Unit,
General Hospital, Le Mans (France), B. Derrien MD Medical Inten-
sive Care Unit, General Hospital, Le Mans (France), F. Grelon MD
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