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Abstract

Objectives: Fever control has been shown to reduce short-term mortality in patients with septic shock. This study aimed
to explore the feasibility of early intensive fever control in patients with septic shock and to assess the immunomodulatory
effects of this intervention.

Methods: In this single-center, randomized, open-label trial, febrile patients with septic shock presenting to the emergency
department were assigned to either a standard fever control or therapeutic normothermia group. Therapeutic normothermia
involved intensive fever control in maintaining normothermia below 37°C. The primary outcome was the feasibility of fever
control for 24 h. Secondary outcomes included changes in immunomodulatory biomarkers and adverse events.

Results: Fifteen patients were enrolled and analyzed. Fever control was comparable in both groups, but significantly more
patients in the therapeutic normothermia group experienced shivering (p=0.007). Both groups demonstrated increased
C-reactive protein and unchanged neutrophil chemotaxis and CDI |b expression. The therapeutic normothermia group
revealed significant decreased IL-6 and IL-10. The standard fever control group significantly expressed increased monocytic
human leukocyte antigen. There were no significant differences between the groups in terms of immunomodulation.
Conclusions: Therapeutic normothermia was feasible in patients with febrile septic shock but was not superior to standard
fever control in terms of average body temperature and host defense function. Shivering was more frequent in the therapeutic
normothermia group.
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Introduction

Septic shock has potentially devastating outcomes, including
organ failure and death. Despite recent improvements in our
understanding of sepsis, mortality due to septic shock
remains high, even in clinical trial settings.'~> There is thus
an urgent need for effective interventions to help improve the
clinical outcome of patients with septic shock.

A few clinical trials have reported a benefit of controlling
fever in patients with septic shock. Applying an external
cooling device to patients with septic shock to maintain nor-
mothermia for 48h in an intensive care setting decreased
vasopressor requirements and early mortality.* In the largest
clinical trial to date assessing fever control in critically ill
patients, acetaminophen administration tended to decrease
early mortality compared with placebo,’ although the exact
mechanism responsible for this superior outcome has not yet
been elucidated. One plausible explanation is that it might be
due to changes in the immune response, given that tempera-
ture regulation has demonstrated a strong association with
immunity.® Indeed, the immune system is considered to be
core pathophysiology in sepsis.”®

Fever can be relieved using pharmacological or nonphar-
macological methods, of which the latter includes adminis-
tration of a cool intravenous fluid or external cooling device.
However, aggressive fever control involving the use of an
external cooling device has mostly been initiated in an inten-
sive care setting, and the feasibility of administering early
intensive fever control to decrease the temperature of patients
with early septic shock in the emergency department and its
effect on immunomodulation remain unknown.

This research therefore aimed to determine the feasibility
of early intensive fever control compared with standard fever
control (SFC) in patients with septic shock and to examine
the immunomodulatory effects and clinical outcomes of this
treatment.

Materials and methods

Trial design

We conducted an open-label, randomized controlled trial in
anurban emergency department with high acuity (Emergency
severity index of 1-3) with a census of 40,000 visits per year
in a 1400-bed tertiary care center at King Chulalongkorn
Memorial Hospital, Bangkok, Thailand. The trial was regis-
teredintheThaiClinical TrialsRegistry (TCTR20160321001).
The research was approved by the Institutional Review
Board, Faculty of Medicine, Chulalongkorn University (IRB
No. 580/58). This trial is reported in accordance with the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines.

Patients

All adult patients (aged= 18years) who presented to the
emergency department between May 2016 and May 2017

were screened in the triage area. The screening was limited
to patients presenting during business hours (Monday to
Friday, 8 a.m. to 4 p.m.) because of laboratory availability.
We included patients who were diagnosed with sepsis and
fever, and with evidence of hypoperfusion or refractory
hypotension. During the recruitment period, sepsis was
defined as probable or documented infection with systemic
manifestations of infection.” Hypoperfusion was defined as a
serum lactate level >4 mmol/L. Refractory hypotension was
defined as systolic blood pressure (SBP)<90mmHg after
administration of 1L of fluid, or a need for vasopressors to
maintain SBP of >90mmHg. Fever was defined as a screen-
ing axillary or oral temperature >37.8 or 38.3°C, respec-
tively. We excluded patients who were moribund, terminally
ill with a Do-Not-Attempt-Resuscitation (DNAR) order, had
suspected sepsis due to microorganisms other than bacteria,
were immunosuppressed, transferred from another hospital,
diagnosed with sepsis for >12h, or had suspected concomi-
tant acute brain injury.

Randomization and procedures

Information on eligible patients was provided by trained
research associates, and written informed consent was
obtained from the patients or their legal representatives.
Participants were randomized into two groups in a 1:1 ratio
by block randomization with varying block sizes (2, 4, or 6),
generated by a web-based program and prepared by an
investigator with no clinical involvement in the trial. The
allocation sequences were placed in sequentially numbered,
sealed, opaque envelopes. After obtaining informed con-
sent, the research associate opened the appropriate num-
bered envelope and assigned the patient to ecither a
therapeutic normothermia (TN) group or SFC group. All
patients received standard treatment for septic shock,
including early and aggressive fluid resuscitation, early
appropriate antibiotic administration, source control, and a
mean arterial pressure target of 65 mmHg. The temperature
was measured rectally, monitored continuously, and
recorded every 4 h in both groups.

Interventions

Body temperature in the TN group was controlled at around
36-37°C for 24h using cool intravenous fluid and a cool
blanket (Blanketrol II, Cincinnati Sub-Zero, OH, USA). The
cool intravenous fluid was either 0.9% NaCl solution or lac-
tated Ringer’s solution, maintained at 4°C and administered
at a rate determined by the physician, according to the
patient’s hemodynamics. Patients were monitored for shiver-
ing and treated according to the adapted three-step Columbia
antishivering protocol as follows:'" step 1, oral acetami-
nophen (500—-1000mg) every 4—6h and intravenous magne-
sium sulfate (0.5—1 mg/h) for 4h; step 2, mild sedation by
intramuscular or intravenous meperidine (50-100mg) or
fentanyl (25 pg/h); and step 3, moderate sedation.
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The intervention was initiated as soon as possible in the
emergency department or the inpatient unit. If the interven-
tion was started in the emergency department, the blanket
was disconnected temporarily during transfer to the inpatient
unit and reconnected when the patient arrived at the new
unit. The TN protocol was continued for 24h and then
stopped.

SFC involved administration of acetaminophen 500—
1000mg every 6h for 24h when the patient’s temperature
exceeded 39.5°C.

After the respective intervention, the decision on whether
or not to control the patient’s temperature was made by the
responsible clinicians.

Outcome measures

The primary outcome was the feasibility of fever control,
defined as control of temperature at <37.5°C for more than
80% of the intervention period. This goal was chosen as the
period during which the patient was without fever in the 24-h
intervention period.

The secondary outcomes were the difference in tempera-
ture between the groups during the intervention period, and
changes in levels of CD11b, neutrophil chemotaxis, interleu-
kin (IL)-6, IL-10, C-reactive protein (CRP), and monocytic
human leukocyte antigen (mHLA-DR) at 24 h after interven-
tion. Adverse events during the intervention were defined as
shivering, episodes of hypothermia (temperature <36°C),
new arrhythmia, and intractable hyperglycemia. We also
recorded the number of protocol violations.

Biomarker assays

Blood samples were drawn and enriched for polymorphonu-
clear neutrophils (PMNs) and mononuclear cells in the labo-
ratory within a 4-h time frame. The cells were extracted by
one-step centrifugation with PolymorphPrep (Alere
Technologies AS, Norway), containing sodium diatrizoate
and an 8% (w/v) polysaccharide solution (AxisShield,
Norway) for 30min at 500Xg (1700—18001r/min). The
monocyte and PMN layer were then removed and washed
with RPMI 1640 by centrifugation at 800Xg for Smin to
remove residual PolymorphPrep. The cell pellet was then
resuspended in ammonium chloride lysis buffer (9:1 ratio)
with RPMI 1640 for 3min to remove contaminating red
cells. The cells were pelleted at 800X g for 5min and resus-
pended in RPMI 1640 supplemented with 5%—10% (v/v)
human AB serum (or fetal bovine serum).

The proportions of CD11b- and mHLA-DR-positive
PMNs were determined by flow cytometry. Monocytes and
neutrophils were collected and incubated with allophycocya-
nin-conjugated CD11b (IgG1; Beckman Coulter, France) and
with phycoerythrin-conjugated HLA-DR (IgG1; Beckman
Coulter) for 30min, respectively. The samples were then
washed twice in phosphate-buffered saline without magne-
sium or calcium and fixed with 4% paraformaldehyde. All

samples were applied to a flow cytometer (BD LSR II; BD
Biosciences, CA, USA) using acquisition and analysis soft-
ware (BD FACSDiva; BD Biosciences).

PMN chemotaxis was assayed using Hanging Millicell
inserts (Merck Millipore, Germany). Tissue culture plates
with 24 wells were coated with poly(2-hydroxyethyl meth-
acrylate) to prevent cell adhesion following transmigration
and 800puL RPMI 1640 with chemoattractant (10 °mol/L
formyl methionyl-phenylalanine) was then added to each
well. Hanging inserts with a 3-um pore-size filter at their
base and 1 X 10° neutrophils in 200 uL of culture medium
were then added into the hanging inserts and incubated in a
5% CO, incubator for 90 min at 37°C. The hanging inserts
were then removed and the migrated neutrophils in each well
were counted. The number of migrated neutrophils was cal-
culated as a percentage of the total number of cells initially
added.

Plasma IL-6 and IL-10 levels were measured using com-
mercial enzyme-linked immunosorbent assay kits (R&D
Systems, MN, USA), and serum CRP concentration was
measured by nephelometry.

Sample size determination

According to the feasibility outcome, a total sample size of at
least 46 patients was needed to detect a 40% difference
between the groups in the ability to control fever for > 80%
of the time, considering a two-sided alpha level of 0.05 and
a power of 80%.

Statistical analysis

Numerical data with a normal distribution are reported as the
mean * 1 standard deviation (SD), and non-normally distrib-
uted data are reported as the median and interquartile range
(IQR). All analyses were conducted on an intention-to-treat
basis. The primary outcome was compared between groups
using Fisher’s exact test. Differences in temperature and
changes in immunomodulation markers between the groups
were compared using an independent sample z-test. Changes
in markers within each group were assessed using a depend-
ent sample #-test. Adverse events were compared using
Fisher’s exact test. Statistical significance was accepted at
the p<<0.05 level. The analysis was performed using Stata
14.0 software. The statistician was blinded to the group allo-
cation and the hypothesis of the study.

Results

Baseline characteristics

A total of 65 patients were screened for eligibility from May
2016 to May 2017. Forty-six patients met the exclusion crite-
ria, and one did not provide consent. Eighteen patients were
therefore randomized equally between the TN and SFC
groups. Three patients were excluded from the analysis,
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65 Patients assessed for eligibility

46 Excluded
* 2 Moribund
+ 7 Terminally-ill with DNAR
» 1 Suspected sepsis from other
microorganisms other than bacteria
* 14 Immune-suppressed
* 1 Transferred from other hospital
* 20 Diagnosed with sepsis for more
than 12 h
* 1 Acute brain injury
1 Did not provide a consent

| 18 patients randomized

,

9 Assigned to therapeutic normothermia
+ 8 Received allocated intervention
* 1 Did not receive allocated
intervention (was ineligible due to
neutropenia)

1 Lost to follow-
up (transferred to
another hospital)
2 Discontinued
intervention
(shivering)

v

7 included in the analysis

I

9 Assigned to standard fever control
e 8 Received allocated
intervention
* 1 Did not receive allocated
intervention (was ineligible due
to acute brain injury)

8 included in the analysis

Figure |. Screening and enrollment of study participants. DNAR: Do-not-attempt-resuscitation.

including one with neutropenia and one who was transferred
to another hospital in the TN group, and one patient in the
SFC group who developed cardiac arrest and acute brain
injury after randomization but before the beginning of the
intervention (Figure 1). Regarding the baseline characteris-
tics, patients in the SFC group were generally older and had
more underlying diseases, higher severity scores, and a
shorter time from the start of the intervention until the admin-
istration of antibiotics (Table 1). Recruitment was stopped
after 1year due to the slow recruitment rate and the presence
of significant adverse effects in the intervention group.

Fever control protocol

During the 24-h intervention, two participants in the SFC
group received acetaminophen to control fever >39.5C,
compared with all participants in the TN group. There were
no protocol violations in the SFC group but two violations
(28.6%) in the TN group, with early termination of the pro-
tocol. One protocol violation was at the physician’s request
after the patient developed shivering and new, rapid atrial

fibrillation, and the other at the patient’s request because
they felt cold.

Primary outcome

During the 24-h intervention period, 71.4% of subjects in the
TN group maintained their temperature at <37.5°C for
>80% at the time, compared with only 50% in the SFC
group. However, this difference was not significant (p=0.61).

Secondary outcomes

Patients in the TN group could decrease and maintain their
average body temperature at 37°C, while those in the SFC
group had an average temperature of 37.2°C; however, there
was no significant difference in temperature between the two
groups (p=0.56) (Figure 2).

There were no significant differences between the groups
regarding immunomodulation effects during the 24-h period
(Figure 3). Both groups revealed increased CRP over time
(TN group: +105.6+93.37mg/L, p=0.02; SFC group:
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Table |. Baseline patient characteristics.

TN (n=7)

SFC (n=8)

Age (years)?
Male®

61 =14

7315
6

Coexisting conditions

Diabetes mellitus®

Hypertension®

Ischemic heart disease®

Chronic kidney disease®

Cancer®

Chronic liver disease®

Time from admission to randomization (h)¢

0
2
|
0
|
3
4.

| 2.3-9.6)

W —-— NN — MW

4 (3.6-11.6)

Physiologic data

Peak temperature before randomization (°C)?
Temperature at baseline (°C)?

Heart rate (beats/min)?

Respiratory rate (/min)?

Systolic blood pressure (mmHg)*

Mean arterial pressure (mmHg)*

Glasgow coma score?

387+06
37606
102.9 +27.9
25.1 =74
114314
81 +282
13.7+2.1

389+0.7
37.8+£09
943 *16.5
23+57
103 £18.7
71169
1323

Laboratory values

Hemoglobin (g/dL)*
WBC (/mL)¢

Platelet (/mL)¢

Cr (mg/dL)*

Total bilirubin (mg/dL)¢
Lactate (mmol/L)"

12127

13.74 (8.84-193.4)
156 (77-199)
0.9 (0.9-1.6)
1.6 (0.8-2.9)
4.1 (2.7-7.5)

10.9+25
14.45 (10.72-25.53)
183 (58-279.75)
1.7 (1-2.6)
1.6 (0.8-4.2)
5.3 (3.8-6.4)

Clinical data

APACHE |l score?

SOFA score®

Time to antibiotics (min)*
Fluid resuscitation in 6h (L)
Vasopressor use®
Mechanical ventilation®
Steroids®

17 +47
69+43

59 (50-76)
2.1 (1.6-4.16)
3

0

0

188+52
83+49

27 (22-50)

1.7 (1.25-2.32)

5

|

0

Reason for enrollment

Hyperlactatemia®
Hypotension®

System infected

Gastrointestinal®
Skin and soft tissue®
Genitourinary®

Other®

Pathogens identified®
Gram-positive bacteria®
Gram-negative bacteria®

Bacteremia®

W NDNWOULNN — — W

o — o — N — N

APACHE: acute physiology and chronic health evaluation; Cr: creatinine; ESI: emergency severity index; SFC: standard fever control;OFA: sequential
organ failure assessment;; TN: therapeutic normothermia; WBC: white blood cell.

Data are presented as *mean = | SD, ®number, or ‘median (IQR).
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+64.66 =74.99, p=0.04). The TN group exhibited signifi-
cantlydecreasedlevel of IL-6andIL-10(—429.65 = 373.89 pg/
ml, p=0.02; —174.92 £ 125.59, p=0.01, respectively), while
the SFC group demonstrated increased monocytic human
leukocyte antigen expression (+9.99 +9.13, p=0.02). There
were no significant changes in neutrophil chemotaxis and
CD11b expression in both the groups.

39
3
@ 38+
2
3
o 374
§
[
> 36
T
o
[11]
35 T T T T T T T
0 4 8 12 16 20 24
Time (h)
—— Therapeutic normothermia —=—- Standard fever control

Figure 2. Average body temperature during the 24-h
intervention period. Data are presented as the mean, and one-
sided error bars represent the SD.

Adverse events

Shivering was significantly more common in the TN com-
pared with the control group (5/7 versus 0/8, p=0.007)
(Table 2), but there were no significant differences in any
other adverse outcomes.

Discussion

Controlling fever has been shown to be beneficial in patients
with septic shock in intensive care settings. We therefore
aimed to explore the feasibility of initiating early aggressive
fever control as soon as the patient enters the emergency
department. TN was feasible and resulted in more effective
temperature control than the SFC protocol, though the dif-
ference was not significant because of the limited sample
size. Comparable changes in immunomodulatory effects
over time occurred in both groups; however, the TN proto-
col was associated with more shivering and early protocol
termination.

Fever, if naturally occurring in infected patients, was
associated with better outcomes. An early peak temperature
during the first 24 h in the intensive care unit was associ-
ated with decreased mortality in critically ill patients with
infection.!" Moreover, increased mortality was found in
septic patients with hypothermia.'> Fever represented a

CD11b Neutrophil Chemotaxis IL-6
50 g 70+ 2500+ .
40 % 2000
g 30- g 60 E 1500
2 . 2 2 1000
- ——— Q ~
O 204 o P .
o T 50 = 500 Sl
10 3 I
4 o_
=
[}
0 T T Z 40 T T -500 T T
0hr 24 hr 0hr 24 hr 0hr 24 hr
IL-10 CRP mHLA-DR
1500 400 80
* Kk
~ 1000 300 ~ 60
E I g !
> <] [ ==
£ 500 £ 200 Q 40- -
e [ 3
T 74
= o T
0 100+ E 20
-500 0 T T 0 T T
0hr 24 hr 0 hr 24 hr
—e— Therapeutic normothermia
-=- Standard fever control

Figure 3. Changes in biomarkers at baseline and 24 h since the onset of the intervention. Data are presented as the mean, and one-
sided error bars represent the SD. There were no significant differences in any of the biomarkers between the two groups. *p <0.05
within the therapeutic normothermia and **standard fever control groups.
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Table 2. Adverse events.

Adverse event TN (n=7) SFC (n=8) p-value
Shivering 5 0 0.007
New arrhythmia | 0 0.47
Intractable hyperglycemia 0 0 >0.99
Hypothermia <36°C 0 0 >0.99

SFC: standard fever control; TN: therapeutic normothermia.

promotion of host resistance in physiologically fit patients,
while hypothermia served as an adaptation to increase host
tolerance in those without physiological fitness, as in the
critically ill patients.'* The value of controlling fever in
septic patients, however, has long been debated. A prospec-
tive observational study also showed that the pharmaco-
logic treatment of fever was independently associated with
increased 28-day mortality." In contrast, clinical trials in
an intensive care setting found that controlling the body
temperature to normothermia resulted in decreased early
mortality and vasopressor requirements.*> Nevertheless,
another study indicated that lowering the temperature to
hypothermic levels in septic patients might be harmful.'’

The current study found no advantage of using the TN
protocol to lower the body temperature compared with SFC.
This may have been primarily because of the significantly
greater level of shivering in the TN group. Shivering has
adverse effects by not only decreasing the chance of success-
ful temperature control but also increasing oxygen
demand.'®!7 The stepwise administration of acetaminophen
and magnesium, sedation with opioids and the use of a mus-
cle relaxant is a known effective protocol for controlling
shivering.!® However, these final steps are limited to intu-
bated patients, which did not include most patients in the
current study and does not generally represent the majority
of patients with early septic shock in the emergency depart-
ment. Moreover, shivering occurred in the TN group even
though there were no hypothermic episodes. The hypotha-
lamic cutoff point for regulating body temperature is higher
than normal in febrile individuals. Lowering the temperature
below this cutoff point can thus cause shivering, even if the
body temperature is within the normothermic range.'® In
addition, the body temperature remained lower than the ini-
tial temperature in the SFC group during the first 24-h period,
despite no aggressive fever control, which could partly be
explained by the effect of temperature lowering induced by
fluid resuscitation. '

In the current study of fever control in patients with septic
shock, patients in both groups showed changes in immu-
nomodulation markers over time, regardless of the fever
control strategy. Neutrophil chemotaxis and mHLA-DR
expression are important biomarkers characterizing immu-
noparalysis and later secondary infection in septic patients.
The neutrophil function was impaired prior to nosocomial
infection.?’ Decreasing levels of mHLA-DR are character-
ized by monocyte unresponsiveness and predict secondary

infection and late mortality in sepsis patients.?! Previous
studies showed an association between temperature and
these markers, with extreme hyperthermia or hypothermia
decreasing neutrophil chemotaxis,?>?3 and increased expres-
sion of mHLA-DR in the hyperthermic range.?*

The inflammatory markers CD11b, IL-6, IL-10, and CRP
were associated with the severity and clinical outcomes of
sepsis.?> 32 Though no difference was found between group
regarding difference fever control strategy, previous studies
showed that these markers were associated with temperature.
An in vitro study showed that CD11b expression was increased
under conditions of hypothermia and hyperthermia,*® while
IL-6 and IL-10 levels were reduced by hypothermia in both
animal and human studies,>*>” and CRP levels at 24h were
lower in hypothermic compared with normothermic postcar-
diac arrest patients.3

This was the first randomized trial to explore the feasibil-
ity of early intensive fever control in patients with septic
shock. However, this study had several limitations. The lim-
ited number of participants could have led to imbalanced
baseline characteristics and inadequate statistical power in
terms of both the primary and secondary outcomes.
Moreover, limited laboratory availability meant that partici-
pants could not be screened or recruited outside business
hours, and there could thus have been some discrepancy
between the study population and the general population of
patients with septic shock. In addition, despite an established
protocol to decrease shivering during TN, a high level of
shivering still developed and led to early protocol termina-
tion in two (28.6%) cases. The apparent nature of the inter-
ventions in this trial meant that the subjects and investigators
could not be blinded to the group allocation, although poten-
tial biases were mitigated by measuring objective outcomes
and by blinding of the statistician.

Further studies are needed to explore the effects of
intensive fever control, with an emphasis on managing
shivering. A future study population could be limited to
intubated patients, which would allow aggressive sedation
or muscle relaxation to control the level of shivering.
Nevertheless, the results of the present study warrant fur-
ther exploration of the optimal body temperature in patients
with septic shock.

Conclusion

Intensive fever control by TN is feasible in febrile patients
with septic shock. However, the current, small randomized
controlled trial found no significant benefit of TN over SFC
in terms of average body temperature and host defense func-
tion. Shivering was more frequent in the TN group.

Author note

Nattachai Srisawat is now affiliated to Critical Care Nephrology
Research Unit, Chulalongkorn University, Bangkok, Thailand
and Academic of Science, Royal Society of Thailand, Bangkok,
Thailand.



SAGE Open Medicine

Acknowledgements

The authors would like to thank Pornjira Wongnate, Panadda
Chaypradap, and Kanchana Prasith for data management, Sasipha
Tachaboon for assistance with laboratory testing, Pimnara
Peerawaranun for valuable help with statistical analysis, and all the
residents and nurses in the Emergency Medicine and Internal
Medicine Departments. They also express gratitude to the partici-
pants in this study.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Ethical approval

Ethical approval for this study was obtained from the Institutional
Review Board, Faculty of Medicine, Chulalongkorn University
(IRB No. 580/58).

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was supported by the Ratchadaphiseksomphot Endowment
Fund of Chulalongkorn University [CU-59-001-HR] and the
Ratchadapiseksompotch Fund, Faculty of Medicine, Chulalongkorn
University [RA59/040]. The funders had no role in designing or
analyzing the results.

ORCID iD

Nattachai Srisawat https://orcid.org/0000-0002-8544-8132

Informed consent

Written informed consent was obtained from all subjects or their
legally authorized representatives before the study.

Trial registration
Thai Clinical Trials Registry (TCTR20160321001).

References

1. Peake SL, Delaney A, Bailey M, et al. Goal-directed resuscita-
tion for patients with early septic shock. N Engl J Med 2014;
371(16): 1496-1506.

2. Yealy DM, Kellum JA, Huang DT, et al. A randomized trial of
protocol-based care for early septic shock. N Engl J Med 2014;
370(18): 1683-1693.

3. Mouncey PR, Osborn TM, Power GS, et al. Trial of early,
goal-directed resuscitation for septic shock. N Engl J Med
2015;372(14): 1301-1311.

4. Schortgen F, Clabault K, Katsahian S, et al. Fever control using
external cooling in septic shock: a randomized controlled trial.
Am J Respir Crit Care Med 2012; 185(10): 1088—1095.

5. Young P, Saxena M, Bellomo R, et al. Acetaminophen for
fever in critically ill patients with suspected infection. N Engl
J Med 2015; 373(23): 2215-2224.

6. Evans SS, Repasky EA and Fisher DT. Fever and the thermal
regulation of immunity: the immune system feels the heat. Nat
Rev Immunol 2015; 15(6): 335-349.

10.

11.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

Reinhart K, Bauer M, Riedemann NC, et al. New approaches to
sepsis: molecular diagnostics and biomarkers. Clin Microbiol
Rev 2012; 25(4): 609-634.

Hotchkiss RS, Monneret G and Payen D. Sepsis-induced
immunosuppression: from cellular dysfunctions to immuno-
therapy. Nat Rev Immunol 2013; 13(12): 862-874.

Townsend SR, Machado FR, Opal SM, et al. Surviving sepsis
campaign: international guidelines for management of severe
sepsis and septic shock, 2012. Intens Care Med 2013; 39(2):
165-228.

Choi HA, Ko SB, Presciutti M, et al. Prevention of shiver-
ing during therapeutic temperature modulation: the Columbia
anti-shivering protocol. Neurocrit Care 2011; 14(3): 389-394.
Young PJ, Saxena M, Beasley R, et al. Early peak temperature
and mortality in critically ill patients with or without infection.
Intens Care Med 2012; 38(3): 437-444.

Marik PE, Zaloga GP, Norasept II, et al. Hypothermia and
cytokines in septic shock. Intens Care Med 2000; 26(6): 716-721.
Steiner AA and Romanovsky AA. Energy trade-offs in host
defense: immunology meets physiology. Trends Endocrinol
Metab 2019; 30(12): 875-878.

Lee BH, Inui D, Suh GY, et al. Association of body tempera-
ture and antipyretic treatments with mortality of critically ill
patients with and without sepsis: multi-centered prospective
observational study. Crit Care 2012; 16(1): R33.

Itenov TS, Johansen ME, Bestle M, et al. Induced hypothermia
in patients with septic shock and respiratory failure (CASS):
a randomised, controlled, open-label trial. Lancet Respir Med
2018; 6(3): 183-192.

Manthous CA, Hall JB, Olson D, et al. Effect of cooling on
oxygen consumption in febrile critically ill patients. Am J
Respir Crit Care Med 1995; 151(1): 10-14.

Poblete B, Romand JA, Pichard C, et al. Metabolic effects of
i.v. propacetamol, metamizol or external cooling in critically ill
febrile sedated patients. BrJ Anaesth 1997; 78(2): 123—127.
Polderman KH and Herold 1. Therapeutic hypothermia and
controlled normothermia in the intensive care unit: practical
considerations, side effects, and cooling methods. Crit Care
Med 2009; 37(3): 1101-1120.

Bihari S, Teubner DJ, Prakash S, et al. Fluid bolus therapy in
emergency department patients: indications and physiological
changes. Emerg Med Australas 2016; 28(5): 531-537.
Stephan F, Yang K, Tankovic J, et al. Impairment of poly-
morphonuclear neutrophil functions precedes nosocomial
infections in critically ill patients. Crit Care Med 2002; 30(2):
315-22.

Landelle C, Lepape A, Voirin N, et al. Low monocyte human
leukocyte antigen-DR is independently associated with noso-
comial infections after septic shock. Intens Care Med 2010;
36(11): 1859-1866.

Choi M, Salanova B, Rolle S, et al. Short-term heat expo-
sure inhibits inflammation by abrogating recruitment of and
nuclear factor-xB activation in neutrophils exposed to chemo-
tactic cytokines. Am J Pathol 2008; 172(2): 367-377.

Biggar WD, Bohn DJ, Kent-G, et al. Neutrophil migration
in vitro and in vivo during hypothermia. Infect Immun 1984;
46(3): 857-859.

Qadan M, Gardner SA, Vitale DS, et al. Hypothermia and sur-
gery: immunologic mechanisms for current practice. Ann Surg
2009; 250(1): 134-140.


https://orcid.org/0000-0002-8544-8132

Saoraya et al.

25.

26.

27.

28.

29.

30.

31.

Jamsa J, Huotari V, Savolainen ER, et al. Kinetics of leuko-
cyte CD11b and CD64 expression in severe sepsis and non-
infectious critical care patients. Acta Anaesthesiol Scand
2015; 59(7): 881-891.

Lin RY, Astiz ME, Saxon JC, et al. Altered leukocyte immu-
nophenotypes in septic shock: studies of HLA-DR, CD11b,
CD14, and IL-2R Expression. Chest 1993; 104(3): 847-853.
Weirich E, Rabin RL, Maldonado Y, et al. Neutrophil CD11b
expression as a diagnostic marker for early-onset neonatal
infection. J Pediatr 1998; 132(3): 445-451.

Harbarth S, Holeckova K, Fau Froidevaux C, et al. Diagnostic
value of procalcitonin, interleukin-6, and interleukin-8 in criti-
cally ill patients admitted with suspected sepsis. Am J Respir
Crit Care Med 2001; 164: 396-402.

Gogos CA, Drosou E, Bassaris HP, et al. Pro-versus anti-
inflammatory cytokine profile in patients with severe sepsis:
a marker for prognosis and future therapeutic options. J Infect
Dis 2000; 181(1): 176-180.

Lobo SM, Lobo FR, Bota DP, et al. C-reactive protein lev-
els correlate with mortality and organ failure in critically ill
patients. Chest 2003; 123(6): 2043-2049.

Ho KM, Lee KY, Dobb GJ, et al. C-reactive protein concen-
tration as a predictor of in-hospital mortality after ICU dis-
charge: a prospective cohort study. Intens Care Med 2008;
34(3): 481-487.

32.

33.

34.

35.

36.

37.

38.

Devran O, Karakurt Z, Adigiizel N, et al. C-reactive protein
as a predictor of mortality in patients affected with severe
sepsis in intensive care unit. Multidiscip Respir Med 2012;
7(1): 47.

Frohlich D, Wittmann S, Rothe G, et al. Mild hyperthermia
downregulates receptor-dependent neutrophil function. Anesth
Analg 2004; 99(1): 28429.

Aibiki M, Maekawa S, Ogura S, et al. Effect of moderate
hypothermia on systemic and internal jugular plasma IL-6
levels after traumatic brain injury in humans. J Neurotrauma
1999; 16: 225-232.

Taniguchi T, Kanakura H, Takemoto Y, et al. Effects of
hypothermia on mortality and inflammatory responses to
endotoxin-induced shock in rats. Clin Vaccine Immunol 2003;
10(5): 940-943.

Rim KP, Kim K, Jo YH, et al. Effect of therapeutic hypo-
thermia according to severity of sepsis in a septic rat model.
Cytokine 2012; 60(3): 755-6134.

Matsui T, Ishikawa T, Takeuchi H, et al. Mild hypothermia
inhibits IL-10 production in peripheral blood mononuclear
cells. Acta Anaesthesiol Scand 2004; 48(2): 205-210.
Bro-Jeppesen J, Kjaergaard J, Wanscher M, et al. The inflam-
matory response after out-of-hospital cardiac arrest is not
modified by targeted temperature management at 33 degrees
C or 36 degrees C. Resuscitation 2014; 85(11): 1480-1487.





