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a  b  s  t  r  a  c  t

Aim  of the  study:  Current  guidelines  recommend  targeted  temperature  management  to  improve  neuro-
logical  outcome  after  cardiac  arrest.  Evidence  regarding  an  ideal  sedative/analgesic  regimen  including
skeletal  muscle  paralysis  is  limited.
Methods:  Patients  were randomized  to either  a continuous  administration  of  rocuronium  (continuous-
NMB-group)  or  to a continuous  administration  of saline  supplemented  by rocuronium  bolus
administration  if demanded  (bolus-NMB-group).

The primary  outcome  was  the number  of shivering  episodes.  Secondary  outcomes  included  survival
and  neurological  status  one  year  after  cardiac  arrest,  time  to  awakening,  length  of stay  as well  as  required
cumulative  dose  of  rocuronium,  midazolam  and  fentanyl.
Results:  Sixty-three  patients  (32  continuous-NMB-group;  31  bolus-NMB-group)  were  enrolled.  Differ-
ences  in  baseline  characteristics  were  not  significant.  Shivering  episodes  were  detected  in  94%  of
the  patients  in  the  bolus-NMB-group  compared  to 25% of  the  patients  receiving  continuous  rocuro-
nium  infusion  (p < 0.01).  The  continuous-NMB-group  received  significant  lower  doses of  midazolam
(4.3  ±  0.8  mg/kg  vs.  5.1  ±  0.9  mg/kg,  p <  0.01)  and  fentanyl  (62 ± 14 !g/kg  vs. 71  ±  7  !g/kg,  p  <  0.01),  but
higher  cumulative  doses  of  rocuronium  (7.8 ±  1.8 mg/kg  vs. 2.3  ± 1.6  mg/kg,  p < 0.01).  Earlier  awakening
(2  [IQR  2;3]  vs. 4 [IQR  2;7.5]  days,  p =  0.04)  and  decreased  length  of stay  at the  ICU  (6 [IQR  3;5.9]  vs.  10  [IQR
5;15]  days,  p  = 0.03)  were observed  in the  continuous-NMB-group.  There were  no  significant  differences
in  survival  and  quality  of life  12 months  after  cardiac  arrest.
Conclusions:  Continuous  neuromuscular  blockade  during  the  first  day  after  resuscitation  reduced  shiv-
ering, midazolam  and  fentanyl  requirement,  time  to  awakening  and  discharge  from  intensive  care  unit.
There  were  no  differences  in  overall  survival,  cooling  rate  and time  to target  temperature.

©  2017  Elsevier  B.V.  All  rights  reserved.

Introduction

Many patients resuscitated initially from out-of-hospital car-
diac arrest (OHCA) suffer from post cardiac arrest syndrome, which

! A Spanish translated version of the abstract of this article appears as Appendix
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could lead to a deterioration of prognosis, especially of neurologic
outcome [1]. Targeted temperature management (TTM) has shown
to improve neurologic recovery and survival in comatose survivors
of OHCA [2].

Although the optimal temperature level of TTM is not defined
yet, current resuscitation guidelines recommend to maintain a con-
stant target temperature between 32 ◦C and 36 ◦C [3,4].

Sedation and analgesia are required in order to initiate and
maintain TTM. Until now, no specific sedation and analgesia proto-
col is recommended by the guidelines. A continuous administration

http://dx.doi.org/10.1016/j.resuscitation.2017.08.238
0300-9572/© 2017 Elsevier B.V. All rights reserved.
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of propofol or benzodiazepines in combination with morphine is
commonly used [3–5]. Continuous lowering of body temperature
during TTM could lead to shivering, increased oxygen consump-
tion, an increase in heart rate, and a general stress-like response
with increased metabolic demands. These effects could counteract
the effects of TTM [6,7]. To avoid shivering, the additional admin-
istration of neuromuscular blockers (NMB) is often used [5].

Some studies reported an increased probability of survival using
NMB  for 24–48 h in patients after cardiac arrest and adult respira-
tory syndrome [8,9].

Conversely, NMB  have been associated with the occurrence
of critical illness polyneuropathy and myopathy during and after
intensive care [10]. Therefore recommendations suggest to mini-
mize or avoid the use of NMB  after OHCA [11], even if evidence
regarding an ideal sedative/analgesic regimen including skeletal
muscle paralysis is limited and subject to interpretation [12,13].

Thus, we have compared a continuous administration of NMB
to a demand-oriented strategy in a randomized, controlled trial.

Methods

This trial was performed as a randomized, double blinded, dou-
ble dummy  study. The study was conducted in accordance with
local law and the principles of the declaration of Helsinki (Version
2008) and was approved by the local ethical review board (eth-
ical committee number: 253/2009). The requirement of informed
consent at the time of inclusion into the study was waived in accor-
dance with the guidelines of good clinical practice and Austrian
laws and regulations. In case of survival and favourable outcome
the participant was asked to provide written informed consent.

Population

Eligible were all adult patients, older than 18 years, admitted
to the Department of Emergency Medicine, Medical University of
Vienna, resuscitated from non-traumatic OHCA within six hours
prior to arrival at the emergency department. Cardiac arrest had
to be of presumed cardiopulmonary origin and patients had to be
eligible to receive targeted temperature management. Core body
temperature had to be equal or above 35 ◦C at hospital admission.
Patients were excluded in the event of known terminal illness, obvi-
ous intoxication, ward of the state or prisoners, or women  with
known or clinically apparent pregnancy. Patients with known aller-
gic reaction against rocuronium, history of myasthenia gravis or
known epileptic disease were excluded as well.

Exposure

The exposure of interest was continuous or on demand
NMB  application during TTM. Patients randomized to the
continuous-NMB-group received rocuronium with an initial bolus
of 0.25 mg/kg of bodyweight followed by a continuous application
of 0.25 mg/kg/h. Patients in the bolus-NMB-group received an ini-
tial bolus of saline as well as a subsequent continuous application
of saline. In addition, if shivering was noticed, patients received
either a bolus of saline in the continuous-NMB-group or a bolus of
rocuronium with 0.25 mg/kg in the bolus-NMB-group.

Sedation was induced by the intravenous administration of
midazolam (0.125 mg/kg/h) and fentanyl (2 !g/kg/h). An additional
bolus of sedative was allowed, if clinically indicated. The sever-
ity of shivering was measured and documented by the attending
nurse using the ‘Shivering Assessment Scale’ (SAS) [14]. If shivering
(SAS ≥ 1) was detected, a blinded bolus medication was adminis-
tered and sedation was increased as an equivalent of an additional
bodyweight of 5 kg (accordingly by an increase of midazolam of
0.625 mg/h and of fentanyl of 10 !g/h). The study medication was

stopped at 29 h and the sedation and analgesia at 31 h after initia-
tion of cooling (Fig. 1).

Outcome

The primary outcome parameter was  the number of shivering
episodes during TTM. Secondary outcomes included the cumulative
administered dose of each of rocuronium, midazolam and fentanyl;
survival and neurologic outcome one year after the initial event.
Cooling effort, time to awakening and the length of intensive care
unit stay were also recorded. Furthermore, the incidence of crit-
ical illness polyneuropathy/myopathy was  assessed as secondary
tertiary outcome.

Randomization

Treatment assignments were randomly generated by computer
and sealed envelopes were produced. Immediately after a patient
was enrolled in the study, a sealed envelope was opened by a nurse,
who was not involved in the study procedures and the patients’
treatment and the patient was  assigned to the specific group. This
nurse prepared the blinded anti-shivering continuous and bolus
medication (NMB or saline).

Treatment

After return of spontaneous circulation (ROSC), and prior to
enrolment in this trial, all patients were treated by the emergency
medical team on scene according to current guidelines. The initia-
tion of out-of-hospital TTM (via surface cooling and/or cold saline)
as well as the administration of an NMB  prior to hospital admis-
sion was at the discretion of the attending emergency physician on
scene. After hospital admission, patients were stabilized according
to their clinical state. Arterial saturation was  kept >95%; ventila-
tion was set to maintain a partial pressure of CO2 between 35 and
45 mmHg. Mean arterial blood pressure was  kept >60 mmHg using
crystalloid fluids and if necessary vasopressor support. Serum blood
glucose was  kept between 110 and 180 mg/dl.

All patients underwent TTM utilized by an endovascular
approach with the cooling catheter advanced into the inferior vena
cava via femoral puncture (Thermogard XP® , Quattro catheter; Zoll
Medical Corporation, USA). Cooling rate was  set to maximum until
the target core temperature measured in the oesophagus of 33 ◦C
was reached. The cooling period lasted 24 h from initiation of cool-
ing until the start of rewarming. Then rewarming was  performed
with a rate of 0.4 ◦C/h until a core temperature of 36 ◦C was reached.

Data acquisition and documentation

Acquisition and documentation of data on cardiac arrest were in
accordance to the Utstein criteria [15]. Temperature on admission
was measured with an infrared tympanic thermometer (Ototemp
LighTouch® , Exergen Corporation, MA,  USA). An oesophageal
temperature probe (Mon-a-therm® General Purpose, 12 french,
Mallinckrodt Medical Inc., St. Louis, MO,  USA) was  used as the main
temperature site for regulation of the cooling device. Addition-
ally, a urine bladder temperature probe (Foley catheter, Medtronic
Electronics Inc. Parker, CO, USA) was  used. An arterial catheter
was placed in the radial or femoral artery for continuous invasive
blood pressure monitoring and blood sampling. ECG, peripheral
oxygen saturation, end-tidal CO2, and respiratory rate as standard-
ized intensive care monitoring was established. Relaxation depth
was measured using the TOF watch® SX (Organon Teknika B.V.,
Boxtel, Netherlands) in intervals of three hours during the cooling
period, and in 30 min  intervals after 29 h – at the time of termina-
tion of continuous study medication therapy – while rewarming
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Fig. 1. Flowchart of study procedures. OHCA: out of hospital cardiac arrest. ARDS: acute respiratory distress syndrome.

to 36◦ C body core temperature. TOF-measurements were done by
a person who was not involved in the clinical management of the
patients and results had no influence on the administered dosage
of rocuronium to ensure a blinded relaxation management.

Neurologic function was assessed at 1, 2, 6 and 12 month dur-
ing the follow up period and contained Glasgow Coma Scale (GCS),
Pittsburgh Brain Stem Score (PBSS), Cerebral Performance Category
score (CPC), and Overall Performance Category score (OPC).

A performance score of 1 (good function) or 2 (moderate disabil-
ity) on a 5-category CPC scale was considered as a good neurologic
recovery; the other categories were 3 (severe disability), 4 (a veg-
etative state), and 5 (death). Cooling effort was determined by
manually calculating the cooling rate from start of cooling until
reaching the target temperature. As an estimate of the cooling
device activity and effort during the maintenance phase of TTM the
theoretical heat transfer between the given patients’ body temper-
ature and the temperature of the devices cool bath was used. The
following formula was used: Q/min (J/min) = [CNaCl * Flow * (Tbath-
Tpat)]/1000; (CNaCl = heat capacity of saline; Flow = flow of saline
through catheter; Tbath = water bath temperature; Tpat = patient
temperature) [16].

Incidence of critical illness polyneuropathy and myopathy was
evaluated by an independent neurologist 12 months after cardiac
arrest by means of clinical examination and nerve conduction stud-
ies.

Statistical analysis

At a two-sided type-I error level of 5% and with a power of 80%
we calculated a necessary sample size of 26 participants per group
with an 1:1 allocation ratio to detect a significant difference of 32%
probability of at least one shivering episode. We  increased this for-
mal  sample size to allow for potential missing data such as for early
mortality.

We present categorized variables as absolute counts and rel-
ative frequencies, and continuous variables as mean and standard
deviation or median and 25–75% quartiles as appropriate. We  tabu-

lated baseline and demographic variables according to study group
allocation. We  do not present formal hypothesis test results for
assessing randomization success.

We  compared the number of study medication boluses between
the study groups using the Mann Whitney U test. After categoriz-
ing this outcome as 0, 1–3, 4–10, 10+, we  used a chi-squared test
for formal hypothesis testing. For the secondary outcomes we used
the same hypothesis testing strategies, according to data distribu-
tion. Neurological outcome was assessed as a binary variable, where
we additionally calculated a relative risk with an exact 95% confi-
dence interval. We  used survival analysis to assess the effect of
study group allocation on mortality with study start as entry, exit
as the end of follow up and death from all causes as failure. We  used
a proportional hazards Cox model to estimate a hazard ratio with
a 95% confidence interval.

For data management and analyses, we  used MS  Excel for Mac
(Microsoft Inc., Redmond, WA,  USA) and Stata 11 for Mac  (StataCorp
LLC, College Station, TX, USA). Generally, a two-sided p-value less
0.05 was considered statistically significant.

Results

From November 2010 to September 2013 sixty-three patients
(32 continuous-NMB-group; 31 bolus-NMB-group) were enrolled
(Fig. 1). Mean age was 60 ± 12 years and the majority were male
(83%). In the majority of included patients the first monitored ECG
showed a shockable rhythm (86%). Differences in baseline charac-
teristics at hospital admission were not significant (Table 1).

Primary outcome

Shivering episodes were detected in 29/31 patients (94%) in
the bolus-NMB-group compared to 8/32 patients (25%) receiv-
ing continuous rocuronium infusion with a median of 0 shivering
episodes in the continuous-NMB-group (interquartile range [IQR]
0–0.5 episodes) and 8 episodes (IQR 4–12 episodes) in the bolus-
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Fig. 2. Cumulative shivering episodes during targeted temperature management.
Cumulative shivering episodes in a resolution of one hour showing shivering episodes in the continuous-NBM-group only in the first three hours. In the bolus-NBM-group
shivering was  observed throughout the TTM treatment.

Table 1
Baseline characteristics.

Continuous-NMB-group Bolus-NMB-group

N = 32 N = 31

Age, years – mean (SD) 62 (13) 58 (11)
Male gender – n (%) 26 (81) 26 (84)
BMI, kg/m2 – mean (SD) 28 (6) 28 (4)
Witnessed CA – n (%) 29 (91) 28 (90)
No BLS – n (%) 12 (38) 11 (35)
No flow, min  – median (IQR) 2 (1;5) 1 (1;3)
Low Flow, min  – median (IQR) 18 (11;24) 16 (12;29)
Initial rhythm VF – n (%) 26 (81) 28 (90)
Admission, min  after ROSC –
median (IQR)

34 (31;50) 34 (18;55)

Prehospital administration of
NMB  – n (%)

14 (44) 20 (63)

pH on admission – mean (SD) 7.18 (0.11) 7.16 (0.13)
Lactate on admission,
mmol/l – mean (SD)

7.3 (3.6) 6.9 (3.5)

Glucose on admission,
mg/dl – mean (SD)

256 (90) 252 (85)

GCS on admission – median
(IQR)

3 (3;5) 3 (3;3)

PBSS on admission – median
(IQR)

8 (6;9) 9 (7;10)

Core temperature on
admission, ◦C – mean (SD)

35.9 (0.6) 35.8 (1.0)

Abbreviations: SD, standard deviation; BMI, body mass index; CA, cardiac arrest;
BLS,  basic life support; IQR, interquartile range, VF, ventricular fibrillation; ROSC,
return of spontaneous circulation; NMB, neuromuscular blockade; GCS, Glasgow
coma scale; PBSS, Pittsburgh Brain Stem Scale.

NMB-group (p < 0.01). Shivering episodes in the bolus-NMB-group
occurred throughout the TTM period (Fig. 2).

Secondary outcomes

Patients randomized to the continuous-NMB-group received
significant lower doses of midazolam (4.3 ± 0.8 mg/kg vs.
5.1 ± 0.9 mg/kg, p < 0.01) and fentanyl (0.062 ± 0.014 mg/kg
vs. 0.071 ± 0.007 mg/kg, p < 0.01), but required higher cumulative
doses of rocuronium (7.8 ± 1.8 mg/kg vs. 2.3 ± 1.6 mg/kg, p < 0.01).
TOF-Watch measurements in the continuous-NMB-group showed
deep relaxation until the end of rocuronium administration
whereas the median relaxation depth was less in the bolus-NMB-
group (Fig. 3). Patients in the continuous-NMB-group woke up
earlier (2 [IQR 2;3] days vs. 4 [IQR 2;7.5] days, p = 0.04) and had
a shorter length of stay at the ICU (6 [IQR 3;5.9] days vs. 10 [IQR

Table 2
Causes of mortality.

Continuous-
NMB-group

Bolus-
NMB-group

p-value

N = 32 N = 31

Overall mortality – n (%) 15 (47) 12 (39) 0.45
Time to death – days (IQR) 9 (3;22) 15 (7;40) 0.37

Causes of death
Neurologic – n (%) 8 (53) 7 (59) 0.80
Cardiac – n (%) 7 (47) 4 (33) 0.48
Sepsis – n (%) 0 (0) 1 (8) 0.26

Abbreviations: IQR, interquartile range.

5;15] days, p = 0.03). There was  no significant difference in overall
mortality (continuous-NMB-group 15/32 [47%] vs. bolus-NMB-
group 12/31 [39%], hazard ratio 1.34 [95% CI 0.63-2.87], p = 0.45)
nor in the rate of favourable neurologic function after 12 months of
observation (continuous-NMB-group 17/32 [53%] vs. bolus-NMB-
group 17/31 [55%], risk ratio 0.97 [95% CI 0.61-1.53], p = 0.89).
(Table 2) Continuous administration of NMBs neither influenced
the cooling rate (continuous group mean 3.3 ± 1.4 ◦C/h versus
bolus group mean 3.2 ± 1.5 ◦C/kg/h, respectively; p = 0.81) nor
the time to achieve target temperature (continuous-NMB-group:
mean 45 min  [IQR 23;58] vs. bolus-NMB-group: 31 min  [IQR 13;75]
p = 0.36).

Patients receiving a continuous NMB  therapy had a signif-
icantly lower heat transfer rate compared to the bolus-NMB-
group (−3602 J/min [IQR −5527;−1724]) vs. (−6776 J/min [IQR
−9421;−4368]) (p < 0.01).

Neurological examinations at one year (clinical examination
and nerve conduction) were available only in six patients of the
continuous-NMB-group and in three patients in the bolus-NMB-
group. Signs of polyneuropathy were found in two  patients of the
bolus-NMB-group and in two patients of the continuous-NMB-
group.

Discussion

In this randomized, controlled trial, in patients successfully
resuscitated from OHCA and received TTM at levels of 32 ◦C–34 ◦C a
continuous neuromuscular blockade during the therapeutic course
of TTM leads to a significant reduction in shivering episodes com-
pared to a demand-orientated bolus administration. Furthermore,
continuous NMB  administration contributes to a reduced dosage
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Fig. 3. Train of four (TOF) counts during targeted temperature management.
Measurements were done every 180 min  during induction and maintenance phase. After 29 h measurements were executed every 30 min during rewarming. TOF-count is
calculated as the response to 4 identical electrical stimuli. The relation between the first response and the last response is expressed in percentage. If less than four responses
were  detected (up to no answer out of four stimuli) the TOF count is expresses in this diagram as 0%.

of sedative/analgesic drug use. Therefore, early awakening and a
reduced length of stay in the intensive care unit was  observed.

Up to now, the optimal treatment to reduce shivering in patients
undergoing TTM is still a matter of debate. It is widely accepted, that
shivering should be avoided, because it could lead to temperature
counter-regulation, to an increase in metabolic demands, a reduc-
tion in cooling rate and thereby could counteract the beneficial
effects of TTM [6].

Although we  did not demonstrate a reduction in cooling rate,
an increased cooling effort was necessary in the bolus-NMB-group.
This leads to the assumption of an increased heat production caused
by a higher metabolic rate in this patient. Despite a stepwise pro-
tocol of NMB  therapy for shivering prevention Lascarrou et al.
described the necessity of a continuous administration as final
level of escalation in most patients [17]. This corresponds to our
study, in which all patients in the bolus-NMB-group had multiple
episodes of shivering and received multiple applications together
with an increase in sedative/analgesic therapy. Otherwise shiver-
ing was only seen in one third of the patients in the TTM-Trial.
But detailed information about the NMB  administration are lack-
ing [18]. An interrater variability of the ‘Shivering Assessment Scale’
used in this trial could explain different shivering rates in the lit-
erature. Patients in the continuous-NMB-group received a 3-fold
higher dose of rocuronium than patients in the bolus-NMB-group.
In contrast, they received a significant lower dose of midazolam
and fentanyl. This is at least in part a result of our treatment
protocol, where the continuous sedative/analgesic therapy had to
be increased if shivering was noticed. Still we observed no clin-
ical signs of undersedation in the bolus-NMB-group nor in the
continuous-NMB-group. As a result, time to awakening as well as
duration of intensive care unit stay was shorter in patients in the
continuous-NMB-group.

As shivering was observed during the whole period of TTM in the
bolus-NMB-group our results are in contrast to the current opinion,
that shivering would be a problem of specific time-frames dur-
ing the treatment course of TTM (i.e. the induction phase and the
rewarming phase) [12].

NMB  have shown to decrease inflammatory response and
increase the probability of survival in patients with acute respira-
tory distress syndrome [9,19]. As ischemia/reperfusion injury after
cardiac arrest is associated with a diffuse inflammation process the
use of NMBs might directly influence outcome [8,9,20,21]. No sig-
nificant benefit in either neurologic function or overall survival due
to continuous NMB  administration was evident in our study. Espe-
cially, the higher metabolic rate in the bolus group might counteract
the beneficial effect of TTM [22]. As this was not the primary out-
come of our study it might have been underpowered to detect a
difference.

Neuromuscular blocker agents are associated with the occur-
rence of polyneuropathy and myopathy during and after the further
intensive care stay. Studies evaluating risk factors for a critical ill-
ness polyneuropathy and myopathy show divergent results [23].
According to a recently published study [10], the monitored use of
NMB, whether continuous (<48 h) or bolus administration, should
be considered safe and efficacious. Due to the lack of neurological
assessments at one year in most survivors our study is insufficient
to adequately answer this question.

Our study has some further limitations. First of all, our pri-
mary outcome parameter is as surrogate parameter which might or
might not be associated with an overall benefit for OHCA patients.
Furthermore, the role of NMB  administration might be altered in
combination with another sedative/analgesic regimen. Although
the shown reduction in cumulative dose of sedative/analgesic ther-
apy would be also expected in combination with other therapies
and might lead to earlier neurologic prognostication and shorter
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ICU stay. Not at least the use of NMBs may  mask seizure activ-
ity, which might be undetected in our study. However, the dosage
of midazolam should have been appropriate to suppress seizure
activity and therefore this might be negligible but the use of a con-
tinuous EEG-monitoring might be reasonable. The study population
consisted of mostly witnessed cardiac arrest cases with predomi-
nant shockable rhythm arrests. Therefore our results may  not be
generalizable to the broader post arrest population.

Conclusion

In patients after OHCA treated with TTM continuous as com-
pared to bolus neuromuscular blockade administration reduced
shivering, time until awakening, and duration of intensive care unit
stay without significant harm.

Conflict of interest statement

None.

Financial support

This study was conducted under the support of the Austrian
National (OeNB Anniversary Fund number: AP13877ONB)

References

[1]. Nürnberger A, Sterz F, Malzer R, Warenits A, Girsa M,  Stöckl M,  et al. Out
of  hospital cardiac arrest in Vienna: incidence and outcome. Resuscitation
2013;84:42–7, http://dx.doi.org/10.1016/j.resuscitation.2012.07.002.

[2]. Arrich J, Holzer M,  Havel C, Müllner M,  Herkner H. Hypothermia for neuropro-
tection in adults after cardiopulmonary resuscitation. Cochrane Database Syst
Rev 2016:CD004128, http://dx.doi.org/10.1002/14651858.CD004128.pub4.

[3]. Callaway CW,  Donnino MW,  Fink EL, Geocadin RG, Golan E, Kern KB, et al. Part 8:
post-cardiac arrest care: 2015 American Heart Association guidelines update for
cardiopulmonary resuscitation and emergency cardiovascular care. Circulation,
vol. 132. Lippincott Williams & Wilkins; 2015. p. S465–82, http://dx.doi.org/10.
1161/CIR.0000000000000262.

[4]. Nolan JP, Soar J, Cariou A, Cronberg T, Moulaert VRM, Deakin CD, et al. European
resuscitation council and european society of intensive care medicine guidelines
for  post-resuscitation care 2015: section 5 of the European resuscitation coun-
cil  guidelines for resuscitation. Resuscitation 2015;2015(95):202–22, http://dx.
doi.org/10.1016/j.resuscitation.2015.07.018.

[5]. Chamorro C, Borrallo JM,  Romera MA,  Silva JA, Balandín B. Anesthesia and
analgesia protocol during therapeutic hypothermia after cardiac arrest: a sys-
tematic review. Anesth Analg 2010;110:1328–35, http://dx.doi.org/10.1213/
ANE.0b013e3181d8cacf.

[6]. Polderman KH. Application of therapeutic hypothermia in the intensive care
unit. Opportunities and pitfalls of a promising treatment modality–Part 2: Prac-
tical aspects and side effects. Intensive Care Med  2004;30:757–69, http://dx.doi.
org/10.1007/s00134-003-2151-y.

[7]. Holzer M.  Targeted temperature management for comatose survivors of
cardiac arrest. N Engl J Med  2010;363:1256–64, http://dx.doi.org/10.1056/
NEJMct1002402.

[8]. Salciccioli JD, Cocchi MN,  Rittenberger JC, Peberdy MA,  Ornato JP, Abella BS, et al.
Continuous neuromuscular blockade is associated with decreased mortality in
post-cardiac arrest patients. Resuscitation 2013:1–6, http://dx.doi.org/10.1016/
j.resuscitation.2013.06.008.

[9]. Papazian L, Forel J-M, Gacouin A, Penot-Ragon C, Perrin G, Loundou A, et al.
Neuromuscular blockers in early acute respiratory distress syndrome. N Engl J
Med  2010;363:1107–16, http://dx.doi.org/10.1056/NEJMoa1005372.

[10]. deBacker J, Hart N, Fan E. Neuromuscular blockade in the 21(st) century manage-
ment of the critically ill patient. Chest 2016, http://dx.doi.org/10.1016/j.chest.
2016.10.040.

[11]. Peberdy MA, Callaway CW,  Neumar RW,  Geocadin RG, Zimmerman JL, Donnino
M,  et al. Part 9: post-cardiac arrest care: American heart association guidelines
for  cardiopulmonary resuscitation and emergency cardiovascular care. Circu-
lation 2010 2010;122:S768–86, http://dx.doi.org/10.1161/circulationaha.110.
971002.

[12]. Polderman KH, Herold I. Therapeutic hypothermia and controlled normoth-
ermia in the intensive care unit: practical considerations, side effects, and
cooling methods. Crit Care Med  2009;37:1101–20, http://dx.doi.org/10.1097/
CCM.0b013e3181962ad5.

[13]. May  TL, Seder DB, Fraser GL, Stone P, McCrum B, Riker RR. Moderate-dose
sedation and analgesia during targeted temperature management after cardiac
arrest. Neurocrit Care 2015;22:105–11, http://dx.doi.org/10.1007/s12028-014-
9998-3.

[14]. Badjatia N, Strongilis E, Gordon E, Prescutti M,  Fernandez L, Fernandez A, et al.
Metabolic impact of shivering during therapeutic temperature modulation: the
Bedside Shivering Assessment Scale. Stroke 2008;39:3242–7, http://dx.doi.org/
10.1161/STROKEAHA.108.523654.

[15]. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, et al. Cardiac
arrest and cardiopulmonary resuscitation outcome reports: update and sim-
plification of the Utstein templates for resuscitation registries. Resuscitation
2004;63:233–49, http://dx.doi.org/10.1016/j.resuscitation.2004.09.008.

[16]. Konstas A-A, Neimark MA,  Laine AF, Pile-Spellman J. A theoretical model of
selective cooling using intracarotid cold saline infusion in the human brain. J
Appl Physiol 2007;102:1329–40, http://dx.doi.org/10.1152/japplphysiol.00805.
2006.

[17]. Lascarrou JB, Le Gouge A, Dimet J, Lacherade JC, Martin-Lefèvre L, Fiancette M,
et  al. Neuromuscular blockade during therapeutic hypothermia after cardiac
arrest: observational study of neurological and infectious outcomes. Resuscita-
tion  2014;85:1257–62, http://dx.doi.org/10.1016/j.resuscitation.2014.05.017.

[18]. Nielsen N, Wetterslev J, Cronberg T, Erlinge D, Gasche Y, Hassager C, et al. Tar-
geted temperature management at 33 ◦C versus 36 ◦C after cardiac arrest. N Engl
J  Med  2013;369:2197–206, http://dx.doi.org/10.1056/NEJMoa1310519.

[19]. Forel J-M, Roch A, Marin V, Michelet P, Demory D, Blache J-L, et al. Neuromuscular
blocking agents decrease inflammatory response in patients presenting with
acute respiratory distress syndrome. Crit Care Med  2006;34:2749–57, http://
dx.doi.org/10.1097/01.CCM.0000239435.87433.0D.

[20]. Adrie C, Laurent I, Monchi M,  Cariou A, Dhainaou J-F, Spaulding C. Postresusci-
tation disease after cardiac arrest: a sepsis-like syndrome? Curr Opin Crit Care
2004;10:208–12.

[21]. Madathil RJ, Hira RS, Stoeckl M,  Sterz F, Elrod JB, Nichol G. Ischemia reperfusion
injury as a modifiable therapeutic target for cardioprotection or neuropro-
tection in patients undergoing cardiopulmonary resuscitation. Resuscitation
2016;105:85–91, http://dx.doi.org/10.1016/j.resuscitation.2016.04.009.

[22]. Polderman KH. Mechanisms of action, physiological effects, and complications
of  hypothermia. Crit Care Med  2009;37:S186–202, http://dx.doi.org/10.1097/
CCM.0b013e3181aa5241.

[23]. Latronico N, Peli E, Botteri M. Critical illness myopathy and neuropathy. Curr
Opin Crit Care 2005;11:126–32.


