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Rationale: Fever control may improve vascular tone and decrease
oxygen consumption, but fevermay contribute to combat infection.
Objectives: To determine whether fever control by external cooling
diminishes vasopressor requirements in septic shock.
Methods: In a multicenter randomized controlled trial, febrile
patients with septic shock requiring vasopressors, mechanical venti-
lation, and sedation were allocated to external cooling (n ¼ 101) to
achieve normothermia (36.5–378C) for 48 hours or no external cool-
ing (n¼ 99). Vasopressorswere tapered tomaintain the sameblood
pressure target in the two groups. The primary endpoint was the
numberofpatientswitha50%decrease inbaselinevasopressordose
after 48 hours.
Measurements andMain Results: Body temperature was significantly
lower in the cooling group after 2 hours of treatment (36.86 0.7 vs.
38.46 1.18C; P, 0.01). A 50% vasopressor dose decrease was signif-
icantly more common with external cooling from 12 hours of treat-
ment (54 vs. 20%; absolute difference, 34%; 95% confidence interval
[95% CI], 246 to 221; P , 0.001) but not at 48 hours (72 vs. 61%;
absolutedifference,11%;95%CI,223 to2).Shock reversalduring the
intensive care unit stay was significantly more common with cooling
(86vs.73%;absolutedifference,13%;95%CI,2 to25;P¼0.021).Day-
14mortality was significantly lower in the cooling group (19 vs. 34%;
absolute difference, –16%; 95% CI,228 to24; P ¼ 0.013).
Conclusions: In this study, fever control using external cooling was
safe and decreased vasopressor requirements and early mortality in
septic shock.
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Humanity has but three great enemies: fever, famine and war;

of these by far the greatest, by far the most terrible, is fever . . .

—Sir William Osler (1)

Sepsis is a common syndrome responsible for multiorgan failure
requiring intensive care unit (ICU) admission. Septic shock, de-
fined as sepsis with cardiovascular failure requiring vasopressor
infusion, has an extremely high mortality rate of 40–60% (2, 3).
The chances of survival are largely dependent on the course of
the cardiovascular dysfunction (4). Current recommendations
focus on the first few hours of sepsis management and include
an early diagnosis, control of the infection source, and prompt
restoration of tissue oxygenation (5). The criteria for vasopres-
sor selection remain debated (6, 7). Low-dose corticosteroids
have been suggested to enhance the resolution of cardiovascular
dysfunction (5, 8, 9).

Among patients with severe sepsis, two-thirds have a fever,
classically defined as a core body temperature above 38.38C
(10, 11). Fever occurs after tissue injury or infection, leading to
leukocyte activation and release of pyrogenic cytokines (12). Al-
though fever control is widely used in febrile ICU patients, its
benefits and risks during sepsis have received little research at-
tention (13–15). In severe sepsis, external cooling decreases the
time to fever control without exposing the patient to the potential
adverse effects of antipyretic drugs (16). Short-term physiological
effects of fever control include decreases in cardiac output and
oxygen consumption and increases in vascular tone and serum
lactate clearance (16–19). However, fever may strengthen host
defenses and increase survival (20, 21) and can inhibit the growth
of microorganisms (22, 23).

To determine whether fever control by external cooling
benefited ICU patients with early septic shock, we conducted
a multicenter randomized controlled trial (“Sepsiscool”). Our
primary endpoint was the proportion of patients with a 50%
decrease in vasopressor requirements after 48 hours.

Part of the study results have been reported previously in ab-
stract form (24).
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

The benefits and risks of fever control in severe sepsis re-
main debated. Although fever is common in sepsis, few
comparative studies on fever management are available.

What This Study Adds to the Field

Fever control using external cooling in sedated patients with
septic shock is safe and decreases vasopressor requirement
and early mortality.
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METHODS

Patients

Adults with septic shock admitted to the seven participating ICUs be-
tween February 2008 and October 2009 were eligible. Inclusion criteria
consisted of documented or suspected infection (10) with a core body
temperature greater than 38.38C and concomitant need for vasopressor
infusion (epinephrine and/or norepinephrine), endotracheal mechani-
cal ventilation, and intravenous sedation. The study protocol was ap-
proved by the appropriate ethics committee (Comité de Protection des
Personnes Ile-de-France IX, Créteil, France). By French law, written
informed consent was not required, as the standard of care encom-
passes both the study intervention and its absence (25). Patients or
surrogates were informed about the trial and their right to refuse par-
ticipation. Additional details on inclusion/exclusion criteria and the
consent process are provided in the online supplement.

Procedures

Centralized randomization was used to assign patients at a 1:1 ratio to
external cooling or no external cooling. External cooling was used for
48 hours to maintain core body temperature between 36.58C and 378C.
The mean arterial pressure (MAP) target was 65 mm Hg or more in
both groups (5). Weaning off vasopressors was managed by the nurses

according to an algorithm (Figure 1). Additional details on procedures
are provided in the online supplement.

Data Collection and Definitions

Severity of septic shock at inclusion was assessed on the basis of the Sim-
plified Acute Physiology Score (SAPS) 3 score (26) and Sequential
Organ Failure Assessment (SOFA) score (27). Adjunctive treatments
for septic shock were also recorded at inclusion and during the 48 hours
of the study intervention. At baseline and during follow-up, we also
recorded core body temperature, vital signs, vasopressor dose, SOFA
score, and serum lactate concentration. Shock reversal was defined as
the absence, for the first time, of a need for vasopressors for 24 con-
secutive hours. Safety was assessed by recording episodes of hypother-
mia (temperature < 348C), shivering, seizures, and new episodes of
nosocomial infections, until Day 14. Additional details on data collec-
tion are provided in the online supplement.

Endpoints

The primary endpoint was the number of patients with a 50% decrease
in the baseline vasopressor dose after 48 hours. Secondary endpoints
were the numbers of patients with a 50% baseline vasopressor dose de-
crease after 2, 12, 24, and 36 hours; the percentage of patients requiring

Figure 1. Algorithm used by nurses to

wean patients off vasopressors in both
groups. MAP ¼ mean arterial pressure.

Figure 2. Study flowchart.
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a vasopressor dose increase within 48 hours of baseline; the percentage
of patients with shock reversal in the ICU; the change in SOFA score
(delta SOFA) versus baseline; and all-causemortality onDay 14, at ICU
discharge, and at hospital discharge.

Sample Size and Statistical Analysis

On the basis of an observational pilot study (28), our hypothesis was
that the proportion of patients achieving a 50% vasopressor dose de-
crease after 48 hours would increase from 50% without cooling to 75%
with cooling. To obtain 90% power with a two-sided a of 0.05, 85
patients were needed in each group.

All analyses were conducted on an intention-to-treat basis. Categor-
ical variables were compared by chi-square or Fisher exact test as ap-
propriate. Continuous variables were compared by Student t test or
Wilcoxon test in the case of nonnormal distribution. The Bonferroni
correction was applied for the five pair-wise comparisons of the pro-
portions of patients with a 50% vasopressor dose decrease and for the
comparisons of temperature and of MAP. Therefore, P values less than
0.01 were considered significant. Survival to Day 14 was assessed with

a Kaplan-Meier curve and log-rank test analysis. The incidence of
nosocomial infections was compared by Poisson regression. Post hoc
analyses adjusted on the baseline vasopressor dose, which differed
significantly between groups, were performed for the comparisons of
vasopressor requirements and mortality. Logistic regression was used
to adjust the comparisons on dichotomous outcomes. We also per-
formed analysis of covariance to assess the effect of cooling on the
time course of vasopressor requirements while taking into account
the baseline vasopressor dose. Last, we investigated the robustness of
our results on mortality in a sensitivity analysis excluding patients re-
ceiving baseline vasopressor doses above the 95th percentile. The
method used for adjustment is detailed in the online supplement. All
analyses were performed with R 2.12.2 software (www.R-project.org).

RESULTS

Of the 579 screened patients, 200 were randomized, 101 to the
cooling group and 99 to the no-cooling group (Figure 2). The
most common reason for noninclusion was absence of a fever
(n ¼ 190, 32.8%).

TABLE 1. PATIENT CHARACTERISTICS AT BASELINE

Cooling No Cooling

(n ¼ 101) (n ¼ 99)

Time from ICU admission to inclusion, d 1 (0–2) 1 (0–2)

Time from vasopressor initiation to inclusion, h 9 (3–19) 11 (4–21)

Location before ICU admission, n

Emergency room 44 39

Medical ward 38 30

Surgical ward 7 15

Other ICU 12 15

Age, yr 62 (51–70) 61 (49–70)

Males/females, n 75/26 67/32

Weight, kg 75 (67–86) 74 (61–88)

Fatal underlying disease,* n 42 43

Admission category, n

Medical 84 82

Unplanned surgery 17 17

SAPS 3 score, points 77 (67–85) 79 (68–87)

Organ dysfunctions

SOFA score, points 11 (9–14) 11 (9–14)

Number of organ failures† 2 (2–3) 2 (2–3)

Acute respiratory distress syndrome, n 54 45

PaO2
/FIO2

, mm Hg 165 (106–230) 153 (104–206)

Serum creatinine level, mmol/L 128 (82–208) 117 (76–222)

Renal failure, n‡ 22 26

Dialysis, n 8 8

Hemodynamic variables

Mean arterial pressure, mm Hg 74 (69–80) 71 (65–78)

Serum lactate level, mmol/L 2.2 (1.4–3.4) 2.4 (1.3–3.5)

Vasopressor requirement

Vasopressor infused at baseline, n

Norepinephrinex 97 86

Epinephrinex 5 18

Epinephrine and norepinephrine 1 5

Vasopressor dose at baseline, mg/kg/min

Norepinephrine 0.50 (0.28–0.80) 0.65 (0.26–1.05)

Epinephrine 0.30 (0.21–0.33) 0.50 (0.27–0.66)

Epinephrine and norepinephrinex 0.50 (0.29–0.80) 0.63 (0.29–1.13)

Other treatments for sepsis, n

Corticosteroids 46 39

Activated protein C 1 2

Vasopressin 4 4

Dobutamine 9 7

Neuromuscular blockers 24 27

Definition of abbreviations: FIO2
¼ fraction of inspired oxygen; ICU ¼ intensive care unit; IQR ¼ interquartile range; SAPS ¼

Simplified Acute Physiology Score; SOFA ¼ Sequential Organ Failure Assessment.

Data represent median (IQR) or number of patients.

* Underlying disease expected to cause death within 1 or 5 years according to the McCabe classification.
yDefined as a SOFA score greater than two points for each of the six organ functions assessed in the SOFA score.
zDefined as a renal SOFA score greater than two points.
x All variables were similar in the two groups except type and dose of vasopressor (P , 0.05).
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In the cooling group, three patients did not receive cooling
and two had cooling discontinued because of shivering. In the
no-cooling group, seven received cooling because of high tem-
perature. All patients were kept in their randomization group
for the analysis.

Patients in both groups were severely ill, as indicated by the
high SAPS 3 and SOFA scores (Table 1). Infection characteristics
were similar (Table 2). Most patients were admitted for medical
reasons, of which the most common was pneumonia (70%). The
two groups differed regarding vasopressor use at randomization,
with significantly more patients receiving epinephrine in the
no-cooling group (P ¼ 0.004) and norepinephrine in the cooling
group (P ¼ 0.023). Both vasopressors were used in five patients
in the no-cooling group and in one patient in the cooling group
(Table 1). The dose of each vasopressor was not significantly
different between the two groups. The cumulated dose of both
vasopressors, however, was slightly but significantly higher in the
no-cooling group (P ¼ 0.03) (Table 1).

Core body temperature differed significantly throughout the
48-hour study period (Figure 3). The difference was largest after
12 hours. No patient received external cooling after 48 hours,
and no rebound effect was observed within 24 hours of cooling
discontinuation. The time course of MAP was similar in the two
groups, indicating similar and appropriate application of the
algorithm for weaning off vasopressors (Figure 3). During the
48-hour study period, the initiation of new agents for shock
stabilization was similar in the two groups (Table 3).

The percentage of patients with a 50% vasopressor dose de-
crease versus baseline was significantly higher in the cooling
group from 12 hours of treatment (absolute difference, 34%;
95% confidence interval [95% CI], 21 to 46%; P , 0.001).
The difference was not significant at 48 hours (Figure 4). After
adjustment on the baseline vasopressor dose and on severity
scores, these differences remained similar (see Table 5). Using
analysis of covariance to take into account the baseline vaso-
pressor dose, we also found similar results. These analyses also
indicated that the significant effect of cooling was more pro-
nounced in those patients having the highest baseline vasopres-
sor doses (see the online supplement for details). Significantly
fewer patients needed a vasopressor dose increase during the

48-hour study period in the cooling group (absolute difference,
–18%; 95% CI, –4 to –31%).

Shock reversal was significantly more common in the cooling
group (absolute difference, 13%; 95% CI, 2 to 25%) (Table 4).

TABLE 2. BASELINE CHARACTERISTICS OF INFECTION

Cooling No Cooling

(n ¼ 101) (n ¼ 99)

Temperature,8C 38.8 (38.6–39.2) 38.9 (38.5–39.3)

Type, n

Community-acquired 53 43

Hospital-acquired 30 38

ICU-acquired 17 18

Source, n

Lungs 71 67

Abdomen 5 8

Genitourinary tract 4 8

Other 15 13

Unknown 6 3

Pathogens recovered, n

Gram-positive only 30 21

Gram-negative only 36 45

Mixed organisms 6 4

Other 6 2

No pathogen 23 27

Appropriate antimicrobial therapy, n

Yes 83 84

No 13 11

Unknown 5 4

Definition of abbreviation: ICU ¼ intensive care unit.

All variables were similar in the two groups.

TABLE 3. OTHER TREATMENTS GIVEN AFTER INCLUSION AND
DURING THE 48-HOUR STUDY-TREATMENT PERIOD

Cooling No Cooling

(n ¼ 101) (n ¼ 99) P Value

Treatments for hemodynamic stabilization

Volume of fluids,* L 1.5 (0.5–2.0) 1.0 (0–2.5) 0.95

New treatment for shock

Corticosteroids 17 21 0.69

Activated protein C 2 3 0.68

Vasopressin 1 1 .0.99

Dobutamine 6 7 .0.99

Other treatments

Sedation, n 98 96 .0.99

Neuromuscular blockers, n 16 16 .0.99

Initiation of renal replacement

therapy

10 21 0.030

* Including fluids administered for shock reversal but not including fluids for

nutrition and for dehydration prevention.

Figure 3. Changes in body temperature and mean arterial pressure

(MAP) over the first 72 hours after inclusion; *P , 0.01 (significant after

Bonferroni correction). (A) MAP changes over time. (B) Time course of

core body temperature; the hatched zone represents the target core
body temperature in the cooling group.
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All these comparisons remained significant after adjustment on
the baseline vasopressor-dose imbalance and severity (Table 5).

The delta SOFA score was significantly smaller in the cooling
group (Table 4). Baseline renal function as assessed by the
serum creatinine level and the renal SOFA score was similar
in the two groups (Table 1), but a larger proportion of patients
required early renal replacement therapy in the no-cooling than
in the cooling group (Table 4).

Survival to Day 14 as estimated by Kaplan-Meier curve analysis
was higher in the cooling group (Figure 5; log-rank P ¼ 0.01). The
risk of death on Day 14 was significantly lower in the cooling group
and remained significantly different after adjustment on the base-
line vasopressor-dose imbalance and on severity (odds ratio [OR],
0.36; 95% CI, 0.16–0.76) (Table 5). The sensitivity analysis exclud-
ing patients with very high baseline vasopressor doses did not
modify the beneficial effect of cooling on survival (OR, 0.40;
95% CI, 0.18–0.87; P ¼ 0.021). The difference in mortality was
no longer significant at ICU or hospital discharge (Table 5).

Neuromuscular blockers were already being used at baseline in
51 patients and were given to 32 additional patients during the
48-hour study-treatment period. The need for paralysis and seda-
tionwas similar in the two groups at baseline andduring the 48-hour
study treatment (Tables 1 and 3). Core body temperature, va-
sopressor requirements, and mortality were similar in patients
who did and did not receive neuromuscular blockers (data not

shown). No patient developed hypothermia. Seizures occurred
in 4 of 99 patients in the no-cooling group and in 1 of 101
patients in the cooling group. The density of acquired infections
by Day 14 was 32.6/1,000 ICU days (95% CI, 32.3–32.9) in the
cooling group and 23.8/1,000 ICU days (95% CI, 23.4–24.1) in
the no-cooling group (OR, 1.37; 95% CI, 0.80–2.36) (P ¼ 0.25).

DISCUSSION

In our study, external cooling to achieve normothermia in patients
with septic shockwas safe, accelerated hemodynamic stabilization,
decreased vasopressor requirements, increased the rate of shock
reversal, and decreased early mortality.

The dread of fever described by Sir William Osler a century
ago remains valid (1). Several surveys showed that fever control
was widely used in hospitals, usually at the initiative of the
nurses (13, 14). Although fever is a common symptom of infec-
tion, the indications for antipyretic treatments remain unclear.
The controversy about fever control reemerged in 2009 during
the A/H1N1v influenza pandemic (22, 29, 30). Inhibition of viral
replication by high temperatures has long been used as an ar-
gument against fever control during infectious diseases (31).
Fever can exert a negative feedback on the release of pyrogenic
cytokines, thereby modulating the inflammatory process (12).
Harmful effects of fever control on host defenses and recovery
from infection have been reported in experimental models of
sepsis (20, 21). The increased risk of early infection acquisition
after mild therapeutic hypothermia during surgery or after car-
diac arrest is also seen as supporting a negative impact of fever
control on host defenses (32, 33). It is important to stress that
our goal was to control the fever and not to induce hypother-
mia. Also, all antipyretic drugs have side effects and may impair
immune functions and recovery from infection (29, 34–36). A
small randomized trial in trauma patients found higher inciden-
ces of infection and death when the temperature threshold for
acetaminophen therapy was 38.58C instead of 408C (37).

In ICU patients, external cooling results in a rapid oxygen
consumption decrease that may help to restore tissue oxygena-
tion during shock (16, 19). During renal replacement therapy,
thermal balance control significantly increases vascular tone and
arterial pressure in septic patients (38, 39). The main limitations
to the use of physical antipyretic methods are patient discomfort
and the counterproductive effect of potential shivering (40).
Suppression of shivering requires the use of sedating and para-
lyzing agents. In our study, external cooling was used in severely
ill patients who were already receiving mechanical ventilation

Figure 4. Percentage of patients with a 50% vasopressor dose decrease

versus baseline during the first 48 hours after inclusion. *The P value

was significant (,0.01) after Bonferroni correction. CI ¼ confidence

interval.

TABLE 4. SECONDARY OUTCOMES

Cooling No Cooling Between-Group Absolute

Difference (95% CI)(n ¼ 101) (n ¼ 99) P Value

Vasopressor requirement

Patients requiring a vasopressor dose increase

during the study-treatment period, n

35 52 218 (231 to 24) 0.011

Shock reversal in the ICU, n 87 72 13 (2 to 25) 0.021

Time course of organ failures on Day 14

SOFAmax score, mean (SD) 11.4 (3.7) 12.3 (3.6) 20.9 (21.9 to 0.2) 0.10

DSOFA score, mean (SD) 0.2 (2.1) 1.1 (2.7) 20.9 (21.6 to 20.2) 0.010

Mortality rates

Day 14, n 19 34 216 (228 to 24) 0.013

ICU discharge, n 35 43 29 (222 to 5) 0.20

Hospital discharge, n 43 48 26 (219 to 8) 0.40

Length of stay

In the ICU (d), mean (SD) 17 (14) 16 (17) 1 (23 to 5) 0.67

Among ICU survivors 17 (14) 19 (16) 22 (26 to 2) 0.38

In the hospital (d), mean (SD) 36 (40) 28 (31) 9 (21 to 19) 0.09

Among hospital survivors 43 (39) 35 (26) 8 (22 to 17) 0.56

Definition of abbreviation: ICU ¼ intensive care unit.
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and sedation. The use of sedatives and neuromuscular blockers
was not higher in cooled patients, and shivering occurred in only
two patients. Because acute respiratory distress syndrome was
common in our population, a large proportion of patients re-
ceived neuromuscular blockers (83 of 200; 42%). The duration
of cooling was kept short to allowmonitoring of fever as a means
of assessing the course of the initial infection and ensuring the
early detection of nosocomial infection.

Our results show that fever control by external cooling is safe in
the short-term treatment of sepsis. Although we did not assess
changes in immune function in our patients, recovery from the se-
vere infection was not impaired in the cooling group. Our results
are in agreement with a previous trial comparing ibuprofen to pla-
cebo in a large population of septic shock patients (17), in which
mortality was not increased in the ibuprofen group, despite a rapid
decrease in temperature. This study was not, however, designed to
assess fever control. The impact of fever control may depend on
the source of infection. In the ibuprofen study and our study, the
main source of infection was the lung, whereas the available ex-
perimental data indicating a deleterious effect of fever control
were obtained in peritonitis models (20, 21). In models of nonin-
fectious lung inflammation, fever control was beneficial (41–44).
Moreover, our results cannot be extrapolated to viral infections. In
our study, most of the patients who received cooling were receiv-
ing appropriate antimicrobial therapy. The possible negative im-
pact of fever control on host defenses may be more pronounced
when the source of infection remains uncontrolled.

Several hypotheses may explain the favorable impact of cooling
in septic shock.Althoughwe did notmeasure oxygen consumption,
a decrease in oxygen consumptionmay be among themain explan-
ations for the faster hemodynamic stabilization and improved early
survival. The more favorable course of organ failures suggests that
tissue oxygenation was improved in the cooling group. Decreased
exposure to vasopressors may also decrease the risk of adverse
effects. All vasopressors can have unwanted effects on regional
blood flow, heart rhythm, cardiac output, and acid–base balance
(6, 7, 45). Although we did not specifically record these adverse
effects, one hypothesis is that the beneficial effect of cooling was
mediated by the vasopressor-sparing effect. The rapid effect of
cooling in decreasing vasopressor requirements also raises the
question of the mechanism by which other treatments help to
reverse septic shock. Thus, the favorable hemodynamic effects
of corticosteroids and continuous hemofiltration in septic patients

may be related, at least in part, to the associated body tempera-
ture decrease (8, 9, 46).

The impact of cooling on shock reversal and early mortality in
our patients is encouraging but must be interpreted in the light of
the limitations of our study. The beneficial effect of cooling might
be explained by a lower illness severity in this group, as reflected
by the lower baseline dose of vasopressors.However, all other var-
iables and scores strongly associated with outcomes in sepsis were
well balanced between the two groups. Neither logistic regression
nor analysis of covariance changed the results compared with the
unadjusted analyses on primary and secondary endpoints, indicat-
ing that the two groups were reasonably comparable at baseline
and that the beneficial effect of cooling was not due solely to the
baseline imbalance. Also, the sensitivity analysis confirmed the ro-
bustness of our results regarding mortality.

Blinding of group assignment after randomization was not
feasible. Before the study, equal numbers of participating centers
did and did not use fever control routinely in septic patients,
strongly suggesting equipoise between the two approaches. To
minimize bias, weaning off vasopressors was based on an algo-
rithm and managed by the nurses, who presumably had minimal
bias concerning the impact of fever control on blood pressure.

Figure 5. Kaplan-Meier survival curve for mortality until Day 14.

TABLE 5. ADJUSTED OUTCOMES

Cooling

(n ¼ 101)

No Cooling

(n ¼ 99)

OR (95% CI);

P Value

Adjusted* OR (95% CI);

P Value

Vasopressor requirement

No. of patients with a 50% vasopressor dose decrease at:

Hour 2 11 4 2.90 (0.89–9.45) 3.74 (1.01–13.84)

Hour 12 55 20 4.72 (2.52–8.85)† 5.07 (2.53–10.15)†

Hour 24 66 37 3.03 (1.70–5.39)† 3.28 (1.72–6.28)†

Hour 36 71 55 1.89 (1.06–3.39) 1.95 (1.05–3.65)

Hour 48 73 61 1.62 (0.89–2.94) 1.65 (0.88–3.13)

Patients needing a vasopressor dose increase during

study treatment, n

35 52 0.48 (0.27–0.85); 0.011 0.49 (0.27–0.90); 0.020

Shock reversal in the ICU, n 87 72 2.33 (1.14–4.77); 0.021 2.68 (1.17–6.16); 0.020

Mortality rates

Day 14, n 19 34 0.44 (0.23–0.85); 0.013 0.36 (0.17–0.76); 0.008

ICU discharge, n 35 43 0.69 (0.39–1.22); 0.20 0.69 (0.35–1.33); 0.26

Hospital discharge, n 43 48 0.79 (0.45–1.38); 0.40 0.80 (0.42–1.53); 0.51

Definition of abbreviations: CI ¼ confidence interval; ICU ¼ intensive care unit; OR ¼ odds ratio; SAPS ¼ Simplified Acute Physiology Score; SOFA ¼ Sequential Organ

Failure Assessment.

* Adjusted on the following baseline variables: vasopressor dose, SAPS 3 score, SOFA score, McCabe classification, and appropriate antimicrobial therapy.
y P , 0.01 (significant after Bonferroni correction).
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The time course of MAP was identical in the two groups, indi-
cating fair application of the algorithm.

We did not record life-supporting treatments given before in-
clusion during the early phase of sepsis. The similarly short time to
inclusion in the two groups indicates that most patients were ran-
domized early during septic shock management. At inclusion, all
patients had already received fluids and vasopressors, and most
were receiving appropriate antibiotics, indicating that the three
mainstays of septic shock treatment were administered early in
the vast majority of patients. The similar baseline SAPS 3 score,
SOFA score, and blood lactate level in the two groups does not
suggest an imbalance in the initial preenrollment treatment.

Our primary endpoint was the proportion of patients with
a 50% vasopressor dose decrease after 48 hours versus baseline.
The difference in this endpoint was not statistically significant.
However, the proportion of patients with a 50% vasopressor
dose decrease differed between the two groups at the time
when the difference in core body temperatures was greatest,
that is, at 12 hours. Also, the proportion of patients with a
50% vasopressor dose decrease was higher than expected, based
on our observational pilot study (28). The algorithm for vasopres-
sor weaning, which was not used in the pilot study, accelerated the
vasopressor dose decrease in both groups. Last, because vasopres-
sors were started before randomization, the assessment occurred
later than during our observational pilot study, in which patients
were assessed 48 hours after vasopressor initiation. An at least
50% vasopressor dose decrease was arbitrarily chosen as a clinically
relevant criterion for shock improvement. We decided a priori
to use a relative dose reduction, given the wide variability and
asymmetric distribution of vasopressor doses administered in
our previous pilot study (28). Shock reversal was another
marker of shock evolution and also showed a significant dif-
ference in favor of cooling.

Our study was not designed or powered to examine survival
and, consequently, no definitive conclusion on mortality can be
drawn. The small baseline differences regarding the type and
dose of vasopressors may suggest greater severity in the control
group. However, the odds ratio of Day 14mortality was not mod-
ified by adjusting on the baseline vasopressor dose imbalance
and on severity, indicating that the significant difference was re-
lated to the cooling effect. Cooling prevented early deaths, as
illustrated by the rapid separation of the survival curves (Figure
5). The mortality reduction was, however, not significant at ICU
or hospital discharge, a fact that might suggest delayed side
effects of cooling. We found a nonsignificant trend toward
a higher incidence of nosocomial infections on Day 14 in the
cooling group. We cannot rule out that an increase in infections
after Day 14 might explain the later mortality in the cooling
group. Because our goal was to look for beneficial effects of
cooling used for only 48 hours, we chose short-term (Day 14)
endpoints to increase the likelihood of detecting effects during
or just after cooling with less confounding due to the delayed
impact of comorbidities, complications, and mortality.

In conclusion, our study shows that fever control using exter-
nal cooling in sedated patients with septic shock is safe and
decreases vasopressor requirements and early mortality. Further
larger studies are needed to confirm the positive signal of fever
control onmortality and to determine whethermild hypothermia
provides additional benefits.
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Réanimation 2005;14:SP 261.

29. Eyers S, Weatherall M, Shirtcliffe P, Perrin K, Beasley R. The effect on

mortality of antipyretics in the treatment of influenza infection: sys-

tematic review and meta-analysis. J R Soc Med 2010;103:403–411.

30. McCracken J. A/H1N1 flu: HPA advice on antipyretics does not con-

tradict NICE. BMJ 2009;339:b3501.

31. Lwoff A. Death and transfiguration of a problem. Bacteriol Rev 1969;33:

390–403.

32. Mongardon N, Perbet S, Lemiale V, Dumas F, Poupet H, Charpentier J,

Pene F, Chiche JD, Mira JP, Cariou A. Infectious complications in

out-of-hospital cardiac arrest patients in the therapeutic hypothermia

era. Crit Care Med 2011;39:1359–1364.

33. Kurz A, Sessler DI, Lenhardt R; Study of Wound Infection and Tem-

perature Group. Perioperative normothermia to reduce the incidence

of surgical-wound infection and shorten hospitalization. N Engl J Med

1996;334:1209–1215.

34. Brandts CH, Ndjave M, Graninger W, Kremsner PG. Effect of para-

cetamol on parasite clearance time in Plasmodium falciparum malaria.

Lancet 1997;350:704–709.

35. Doran TF, De Angelis C, Baumgardner RA, Mellits ED. Acetamino-

phen: more harm than good for chickenpox? J Pediatr 1989;114:1045–

1048.

36. Graham NM, Burrell CJ, Douglas RM, Debelle P, Davies L. Adverse

effects of aspirin, acetaminophen, and ibuprofen on immune function,

viral shedding, and clinical status in rhinovirus-infected volunteers.

J Infect Dis 1990;162:1277–1282.

37. Schulman CI, Namias N, Doherty J, Manning RJ, Li P, Elhaddad A,

Lasko D, Amortegui J, Dy CJ, Dlugasch L, et al. The effect of anti-

pyretic therapy upon outcomes in critically ill patients: a randomized,

prospective study. Surg Infect (Larchmt) 2005;6:369–375.

38. Matamis D, Tsagourias M, Koletsos K, Riggos D, Mavromatidis K,

Sombolos K, Bursztein S. Influence of continuous haemofiltration-

related hypothermia on haemodynamic variables and gas exchange

in septic patients. Intensive Care Med 1994;20:431–436.

39. Rokyta R Jr, Matejovic M, Krouzecky A, Opatrny K Jr, Ruzicka J,

Novak I. Effects of continuous venovenous haemofiltration-induced

cooling on global haemodynamics, splanchnic oxygen and energy

balance in critically ill patients. Nephrol Dial Transplant 2004;19:623–

630.

40. Axelrod P. External cooling in the management of fever. Clin Infect Dis

2000;31:S224–S229.

41. Morita Y, Oda S, Sadahiro T, Nakamura M, Oshima T, Otani S,

Hirasawa H. The effects of body temperature control on cytokine

production in a rat model of ventilator-induced lung injury. Cytokine

2009;47:48–55.

42. Hasday JD, Garrison A, Singh IS, Standiford T, Ellis GS, Rao S, He JR,

Rice P, Frank M, Goldblum SE, et al. Febrile-range hyperthermia

augments pulmonary neutrophil recruitment and amplifies pulmonary

oxygen toxicity. Am J Pathol 2003;162:2005–2017.

43. Hong SB, Koh Y, Lee IC, Kim MJ, Kim WS, Kim DS, Kim WD, Lim

CM. Induced hypothermia as a new approach to lung rest for the

acutely injured lung. Crit Care Med 2005;33:2049–2055.

44. Huang PS, Tang GJ, Chen CH, Kou YR. Whole-body moderate hypo-

thermia confers protection from wood smoke–induced acute lung

injury in rats: the therapeutic window. Crit Care Med 2006;34:1160–

1167.

45. De Backer D, Biston P, Devriendt J, Madl C, Chochrad D, Aldecoa C,

Brasseur A, Defrance P, Gottignies P, Vincent JL. Comparison of

dopamine and norepinephrine in the treatment of shock. N Engl

J Med 2010;362:779–789.

46. Cole L, Bellomo R, Journois D, Davenport P, Baldwin I, Tipping P.

High-volume haemofiltration in human septic shock. Intensive Care

Med 2001;27:978–986.

Schortgen, Clabault, Katsahian, et al.: External Cooling for Fever Control in Septic Shock 1095



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


	link2external
	link2external
	link2external

