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Objectives
@ |dentify key factors related to maintaining normothermia
A” ShOOk Upl @ Describe the use of the Bedside Shivering Assessment Scale
@ Provide interventions to manage shivering in the Neuro patient

Managing Shivering During TTM population.

Mary Kay Bader RN, MSN, CCNS, FNCS, FAHA
Neuro Critical Care CNS

Mission Hospital — Mission Viejo CA
Badermk@aol.com
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Speaker Disclosures Session Goal
o Neurocritical Care Society Implement tools to assess shivering in normothermia
4 Vice President/Board of Directors and hypothermia and apply evidence-based strategies
to control shivering.
@ Honorarium session Topi
ion i
o Bard ession lopics
@ Medical Advisory Board = Definition of Targeted Temperature Management (TTM)
) ) and target populations for its use
o Brain Trauma Foundation Frer]
) = The consequence of shivering
o Neuroptics/Cerebrotech = Tools to assess shivering at the bedside
o Ceribell = Pharmacologic and non-pharmacologic strategies to

o Stock Options control shivering

o Neuroptics/Cerebrotech/Ceribell

Copyight © 2013 Amerc
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Forms of Target Temperature Management Situation: Your patient is a 48 year old female status post ruptured
cerebral aneurysm (coiled). Grade IV Hunt and Hess. Day 6 —team is

trying to control temperature that has elevated to 38 degrees C. Ptis
intubated/sedated on propofol/fentanyl. ICP is 20-25 mm Hg.
Interventions include Acetaminophen, ice bags, and cooling
measures. The patient is shivering and the temperature is escalating.

% Controlled normothermia: Reduce core temperature, maintain at 36.0°C-37.5°C

% Therapeutic Hypothermia: Intentionally reduce core temperature below 36.0°C
(32°C-35°C)

Question: What is your temperature threshold for

i gocel intervention?

34.0°C 1. 37 degrees C
2. 38 degrees C
3. 38.5 degrees C

4. 39 degrees C




The Good...
The Bad...
The Ugly...

of Temperature

the-good-the-bad-and-the-ugly-spiros-soutsos.html
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Elevated Temperature Causes
@ In the neurologic injured brain or ischemic/anoxic brain
Cell damage

Cell death

Hyperthermia exacerbates ischaemic brain injury

C.X Wang'?*, A Stoink’, 1. M. Castu’, and K. Katiner'

Fig. 1 Mechanisms of hyperthermia-enhanced neurcnal dath In the ischagmic injured brain

& 2009 World Stroke Orgarizaticn Intemational Journal of Stroke Viol 4, August 2009, 274-284

In critically ill neurosurgical patients Kipatrick
= 47% of patients had febrile episodes with a mean of 4.7 etal
febrile episodes/patient 2009
= Fever seen in 93% of patient who had ICU LS >14 days
4925 patients admit to Neuro ICU presr prevserel ey et e ey
* Elevated temperature associated with 3
o Increased ICU stay (3.2days) and hospital LOS (4.3 days) 2008 e T
o Higher mortality rate
o Worse hospital disposition A st ot o sk ot gt o ot
Treatment-refractory fever in the first 10 days after Fernandez, A it & Eowslt A o E Sodes ooy 85 A S
o, 7 831 1 bt et 1 3. 07
i etal B R
mortality and disability 2007
In acute ischemic stroke, fever or higher body temperature  Greer et 2l 2008

was sign

In acute ischemic stroke patients, the later the hyperthermia o ©°'

occurs within the first week, the worse the prognosis

N
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Figure 2. Mean daily T,,,, during the 10-day study period
stratified by admission Hunt-Hess grade (A} and 3-month

outcome according to the modified Rankin Scale (B). A
maodified Rankin Scale of 4 to 6 indicates death or moder-
ate to severe disability.

1006 NEUROLOGY 88 March 47, 2007

Presence of hyperthermia post CA

Study evaluated prevalence of fever in the first 48 hours
after cardiac arrest and impact on outcomes ~ Northwestenand

Pittsburgh
* Methods
Records from 1/2005-6/30/2010 reviewed for presence of Fever (T>38C)
336 patients mean age 60 years
63% Out of hospital CA (shockable rhythm 40%)
Fever present in 42% of subjects post arrest with median onset of 15 h in
non-TH cohort and 36 h in TH cohort
Fever common development
Fever is associated with death in non-TH patients
TH treatment may mitigate the effect
Prevalence and effect of fever on outcome following resuscitation
from cardiac arrest*

Kory Gebhardt, Francis X, Guyetre, Ankur A, Dashi®, Clifton W, Callaway®,
Jon C. Rittenberger -, The Past Cardiac Arrest Serviceb™

Rebound hyperthermia post HACA ‘:’

@ Risk factors for post rewarming rebound hyperthermia in CA
patients undergoing TTM
@ Presence of rebound hyperthermia was associated with an increased

risk of in-hospital mortality.

@ 40 of 99 patients (40.4%) without rebound hyperthermia experienced any cause
in hospital death

@ 27 of 42 patients (64.3%) patients who experienced rebound hyperthermia had
increased risk of in-hospital mortality

Rebound hyperthermia is associated with increased neurologic s
morbidity as measured by the modified Rankinscale. The two-sided  Asessmentofis fctors ot post rewarming “ebond byperthermia” in
Mann-Whitney U test between the two groups of patients gives  patients undergning therapeutic hypothernsa!
Pp=0.011, suggesting that there is a statistically significant differ-

ence in neurologic morbidity as measured by a modified Rankin
scale between patients that experience rebound hyperthermia and
those that do not.

SA WA K WG S A Vg, EX Se8" 1S Jores-. T Bacen Baguey’
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N increased mortaity after

Elevated Temperature in
Neurologic Patients Increases:

e, el Saln
[y —]

@ Presence of hyperthermia post HACA

@ 2004-2010: 270 patients resuscitated after OHCA and survived 24 hour s
TH (32-34C)
© Group 1: Peak Temperature > 38.5 C within 36h of rewarming
¥ 36% 30 day mortality rate Length of Morbidity Mortality
Group 2: Peak Temperature <38.5 C within 36 h of rewarming 2
& 22% 30 day mortality rate N P S
Maximum temperature & duration of PHF independent predictors of 30 day ~ _
mortality
The maximum temperature (HR-2.0 per *C above 365-C (95% CI: 1.4-3.0), p-0.0005) and e v =
the duration of PHF (HR- 1.6 per 8 h (95% CI: 1.3-2.0), p<0.0001) were also independent predictors of

20-days mortality in multivariable models. Good newrological outcome (CPC1-2) versus unfavourable
outcome (CPC3-5) at hospital discharge was found in §1% vs. 30% in the PHF group compared to 75 vs.

25% inthe No PHF group.p-002 . ) . Question:
e T st b evluated Does controlling temperature help????
Evidence: Induced Normothermia Improves Outcomess Evidence: Induced Normothermia Improves Outcomes. =

@ Hata et al 2007

@ Prospective randomized study 10 ICU brain injured patients with T> 38
degrees C
Treated with acetaminophen

= Reduces cerebral metabolic distress (patients with 0Oddo,
@ 1 hour indirect calorimetry baseline and 4 hours during cooling method with subarachnoid hemorrhage irrespective of ICP) ;;g'g
pad system
@ Reduced temperature from 38.6 degrees C to 36.3 degrees C * Reduces fever burden PUCCIO, o b, Focco Micht B, Finber -
@ No Shivering present: VO2 (oxygen consumption) significantly reduced : Attenuates secondary injury ;f,glg e i st

4 Shivering present: VO2 unchanged Reduces intracranial hypertension burden

@ Conclusion: Reducing fever in Bl appears to significantly reduce systemic VO2
but is depending on shivering
oAb oo e OOSIC8287
Fever Reduction to decrease systemlc oxygen consumptlon
— —
Temperature and Metabolism Differences between Induced Normothermia vs Control
ICP Burden (% ICP > 25 mm Hg) over 72h

Table 2. Atienuation of Cerebral Metabolic Distress by Induced Normothermia: Relationship With Patient ICP: ICP average 12.7 (N) vs 16.3 (C) 2/3%(N) vs 9.4% (C)
Outcome - B -

LactataPyruvate Ratio Carebral Metabosc Crisls - E
Ouicome Faver  induced P Fewer  Induced P B g"
Poar outcome (n—7) 6756 3921 <0001 5% 28% <0.001 £ % "
Good oucome (n—-11]  38=41 238 <006 16% 8% <005 Fa H

Garebral metabalic crisls Indicates No_ of Nourly measurements with microcialysls lactate/pyrivats raio=-40. Dals are exprassed "“ E .
43 mean+SD. - i —
Gt at Temperatur and Cershes nersan ors and Reduces Fever Burden after Severe Traumatic Brain Injury
- . P et i Neurocrit Care (2009) 11:82-87

i 3. Dy - v 0. Ok
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Hypothalamus: Set Point

Thermoreceptors Warm sensitive neuron Signal heat loss
Post cardiac arrest P _— MMiringrate  ——» effector neuron:
(targeted duration: # days) senas tormp moreais

= vasodilation

Traumatic brain injul “sweating
ury = Once patient returns to 37°C “blood flow
Ischemic stroke 7 following hypothermia treatment
= 72 hours in duration 37°C._. Normal bady temp.
Intracerebral hemorrhage ;
Subarachnoid hemorrhage Signal heat production
14 effector neurons
Thermoreceptors Cold sensitive neuron = vasoconstriction
Spinal cord Injury 7 sense temp decrease “Miring rate > SHIVERING

BoulantIA.Clnfect Dis, 200031 5uppl 5157161,

M Implementati

ivering is identified as one of the most frequent consequences o

Success is Dependent on adequate:

@ Hypothermia Induction assistance Who experienced
@ Iced saline (30 mi/kg) at 4 °C
@ Surface external adhesive pads
@ Surface blanket devices
“ Intravascular devices

Tomte @, et al. Crit Care Med. 2011;39(3):443-
more shivering? 49,

28%  27%

Tt 2. A s Mo At Reouteines s
@ Normothermia Toat iatervemions sC 2 £C =71 T
@ Acetaminophen IV or per rectum Associated g s 2661165 FETTEN w0 : g s
@ Cool room, wet towels, ice bags conditions (ie, e ) oo G s
@ Iced saline 20 mL/kg at 4°C bolus over 30 min x 1 ICP elevated) nmn nER o
@ Surface external adhesive pads i oo e T
@ Surface blanket devices o) e
“ Intravascular devices [
ol ey oo

Normothermia 5%
QUEStiOn‘ Enel’gy expEndltu res for @ Maintaining temperature at 36-37 degrees C

Metabolic Impact of Shivering During Therapeutic
. . . . - .  Temperature Modulation
patients shivering in their arms/legs is R
L Femeier, M. o
eStI mated at how ma ny Resulfs—Fifty consecutive cerebrovascular patients underwent indirect calorimetry between January 2006 and June 2007,
k. | I . /d ? Fifty-six percent were women, and mean age 63+ 16 years. The majority underwent fever control (n=40 [80%]) with
a surface cooling device (n=44 [87%]) and had signs of shivering (Bedside Shivering Assessment Scale =0, 64%
l oca 0 rles ay * [n=34 of 50]). Low serum magnesium was independently associated with the presence of shivering (Bedside S’;nvermg
Asszssment Scale >0; OR, 68; 95% CI, 1.7 to 28.0; P=0.01). The Bedside Shivering Assessment Scale was

I;I.‘
A=

RD: Erl Goadoa, D Mary Prscu, RN:
Morvel strage. \D. TND: ) Michoct S, 2D
S Suphn A Mayr, MD, FOCM.

independently associaled with the index (W=163, P<0.001), oxygen consumption (W=263,
1. 1400 kca I/day P=0001). resting energy expendi 272, P<0.001). and carbon dioxide production (W=18, P<0.001) with
2. 2000 kcal/day Tigh Tevel oF mterobserver relabily (x,~0.%, 05 CL, 08T (0 0.36).
3. 3000 kca | da Conclusion—The Bedside Shivering Assessment Scale is  simple and reliable tool for evaluating the metabolic stress of
/ \ shivering. (Stroke. 2008;39:3242-3247.) —
4. 3600 kcal/day

0, essumion, mmn
o productin, mUmin
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CBF, Brain Oxygen, and Shivering

Arrows on Arctic Arrows on Arctic
Pbt0: (mm He) Sun Core 0.3°C Sun Core T.0.3C
The occurrence of core B s s o sasn /
shivering is Temp T i SNSRIBERE S SR SR e
associated with o e 1
significant reduction PbtO: mf | D) R © e e e,
= \
of PbtO, cer - Dexmedetomidine CBF, CBF i
= (precedendrip & N[y Y o—
s
: Norc
ddo M, et al. Newroarit ore 20106:10-16, Demerol bolus Vecur8nium(
drip
Norcuron)
bolus

Shivering Assessmert Vithoos 55

1. Subjective: BSAS
N . Type of Shivering
1. Subjective:

) . . Prevent rigorous shivering 0:N No shivering is detected on palpation of
@ Observe for piloerection (goosebumps) Assess every hour shivering m E”rf‘éé.‘??rﬁ l?sec?;gram' deltoids, or
e Shivering js-oment Scale (BSAS) B BSASL: G:ail Sl b Shivering localized to neck and/or chest

S o Look for goosebumps - Mil

i i itori o Pal I |
0 BISpeCtraI index (BIS)monltorlng aﬁfiifffﬂgiﬁé“rf;:n X VI [4r | Shivering involving arms and neck and/or

5 Humming or vibration is Chsst

an early indication of N X e
shivering Intermittent generalized shivering
involving all 4 extremities

Badjatia, etal Sroke 2008393242 3247

-
-
VR
e

2. Objective: BIS Shivering Assessment:
. Pre-intervention
Questlon: What types of technology Patient sedation with midazolam and

fentanyl. Hypothermia at 33°C

used at the critical care bedside is Mo Rhuxsas -0
helpful in detecting shivering?

Post-intervention

Patient bolused with
1. EEG norcuron
2. Bispectral Index Monitor ::;gaau
3. Train of 4 A

4. Shiverometer




Targeted Te .
line from the Neurocritical Care Soclety

The i
An Evidence-Based G

In neurocritical care patients undergoing TTM, should shivering be assessed using

standardized tools?
Overall Quality
of Evidence
Accuracy of tool (Outcome)
e coron_ ESASvaldatonuing enrgy cpenciture
Tnessurements o090
Inter-rater reliability in diverse user groups. No
Otson Cohort randomisaion, Sobsemers, moseprs verere DD
one confounder ow
=
|dEMG correlated with BSAS. Difference between 0
May Cohort .1 statistically different $$
Cardiac bypass (n= 28) population. Ratio change Low
Earp Cohort between PA and bladder ratio measurement

Tympanic & toe tip measurement (n=7). Increased
T and shivering. Patient risk used invalidated
shiver scale, interventions not controlled

Sund-Lavendar Quast
experimental VERYLOW

* BSASonly
measurement
tool identified in
literature
Additional data
regarding impact
on length of stay
or long term
outcome lacking

B0174460-5
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2. Objective Shivering Assessment:
Water Temperature —
Pre-intervention

Water temp 11.9°C with
patient temp escalating past
the 33°C set point

Post intervention

Water temp 30.4°C
with patient temp
stable on slope —
rewarming to 37°C

Shivering: How to Recognize

g

O

Patient’s Temp °C Water Temp °C
s T
T +4a0
: f . =
7
i
F20
.
N e
e s
2 +t 4 ot
Patient’s Temp Patient’s Temp Water Temp

Set Point

oy

O

Helpful Tips for Controlling Shivering

MoNITOR!
= Water and patient temperature and trend indicator
o Watch for drop in water temp to <12°C
o >1 arrow = overexertion and machine is working hard to reduce patient
temperature
= Foley temperature probe position
o Assure Foley is wrapped in towel and is positioned straight down to end of bed
= Prevents backflow of urine
= Esophageal temperature probe correct placement
= Microshivering
o Check BIS and watch EMG line for activity
o Look for elevated goosebumps or feel for raised bumps

NEURZZCRITICAL

CARE SQCIETY

An Evidence-Based

The Implementation of Targeted Temperature Management:
eline from the Neurocritical Care Society

In neurocritical care patients undergoing TTM, does treatment of shivering
result in similar functional outcomes as compared to no treatment?

Overall
Quality of
Shiver (Critically Important)

Mort Ret

Crossover

Badiatia | “conort | 30m),

tascarrou | Cohort betweenthose that received NMBAor not

Sladen | Cohort

for shiverin post cardiacsurgery patients oD
Low’

Choi | Cohort treatshiveringeffectively utlizing stepwise approach

May | cohort [ Tdazor

Jurado | cohort | ™

Milne. [

Perman | Cohort Cvs36°C. No

differencein medications iven betweengroups

* Despite universal
acceptance that
shivering is
detrimental, few
studies investigating
impact of anti-
shivering therapies.
Most studies have
investigated impact
of CW or use of
paralytics

B0174460-5

of Targeted Temperature Management:
line from the Neurocritical Care Society

Implementatio
vidence-Based G

NEURZZCRITICAL r
Came satieTT An

In neurocritical care patients undergoing TTM, does treatment of shivering result
in similar functional outcomes as compared to no treatment?

Good Practice Statements

Clinicians should treat shivering promptly.

We suggest a step-wise approach to shivering which prioritizes non-sedating
interventions (acetaminophen, counterwarming, magnesium) over narcotic
analgesics, sedatives, or paralytics.

12801704605




Prevention of Shivering During TTM:
The Columbia Anti-shivering Protocol
Sen meventon

Acetaminophen
Buspirone
Magnesium sulfate
Skin counter warming

0 | Baseline

1| Mild sedation Dexmedetomidine or opioid

Moderate sedation " D idine and opioid
Deep sedation = Propofol
= Vecuronium

Neuromuscular
blockade

ChoiHA, et . Neurort Core. 011,143} 389.39

1/31/2019

#® 18% had shivering controlled with:
o Counterwarming

o Buspirone

o

Acetaminophen
o Magnesium

#® 50% of time added dexmedetomidine infusion then
o Opiates
o Propofol (<10% of time)

©

Factors influence use of antishivering agents:
o Age
o Gender

o

BSA: may be associated with muscle mass

Young man higher muscle mass—more shivering

Cho NeuroeCare 2011 on;14(3}389.394

uidelines to Assist with Hospital Based Guidelihég ‘

mp neurocritical Neurocrit Care
GARE SOCIETY ol ey DOL 10.1007/512028-017-0469-5

The Implementation of Targeted Temperature Management:
An Evidence-Based Guideline from the Neurocritical Care Society

Lori Kennedy Madden' @ Michelle Hill* - Teresa L. May” * Theresa Human'* -
Mary McKenna Guanci® + Judith Jacobi® - Melissa V. Moreda” - Neeraj Badjatia®

Question: Which of the following
should be used first to counter
shivering?

. Paralytic

. Warmed Normal saline

. Meperidine
. Forced warm air devices/bath blankets

B WN

onpharmacological Managem

= Why does counterwarming work?

Baseline mean skin temperature
contributes approximately:

[r—— . 20%

; to the input the hypothalamus receives
) about body temperature

Insulation of cutaneous thermoreceptors on hands, feet, and head
o Hot packs to palms of hands and soles of feet
o Socks
o Head wrap (towel)
o Bair Hugger

Shivering Management

STEP2

Meperidine 12:25 mg IV/PT q 6hr

andfor

Dexmedetomidine infusion 0.2 meg/kg/hr|
and/or

Fentanyl infusion 25 meg/he

STEP1
Acetaminophen 650 mg PT g 4hr

Skin counter-warming

Buspirane 30 mg PT q 8h

Magnesium sulfate 4 gm IV bolus, goal 3-4 mg/dl

Shivering Score > 17

s docral of ensive Cone 120161 436

D01 10,11 BEA05E00 1601418 Shivering Score > 17

STEP3
STEP 4 Shivering Score > 17 Intubation if not already done

Neuromuscular Paralysis —) N ) Page 3 of 10
Propofol infusion

ar

Midazolam infusion
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Guidelines to Assist with Hospital Based Guideli’n‘es

Temperature Management and Nursing Care of the Patient
With Acute Ischemic Stroke

Core Patient Temperature °C

Shivering:
temp up Pimen. Kigastil, MD: DuiWal Glson, YD, BN
and down A N
» . - - (Sirake. 201 05-¢207. DOL: 10.116/STROKEAHA. 115010077,y
E Table.  Summary of Recommendations
Good e
o B s (New References) Class Evidance
control - nramtrrtt®™
during i Warses shoudd develog protacols for TTM that included induction, maintenance, and rewarming during TTHL 1 These: [ Lewel B
. pratooals shauid adiress mondoring for pain and sedation level, shivering, YAP symptoms, artyihmias, vokume status, skin
rewarm braakdown, and abnormal laboratory valugs™
It resanable for nurses b use a varlty of TTM intervenlions, including surface and intravascutar, pharmacological, and lla Level B
nongharmacologic™ e
Nurses shoudd use continuous lemoerature manitering during TTM™ [ Lewel ©
Tt reasonable alng with lla Lewel B
1t i reasanable for nurses ta repasition patients at least ance every 2 h during TTM lla Lewel C
e e g N Nomr - Warses may consiler reetng obnarml bocd gucese using nsuln fesapy protocels specifc o the needs of the TTM satents Iy Lewel ©
=0l H I ‘!' \"".“._'r"‘_('h‘z,{‘_\_,‘f et L,.."\' It is reasanable for nurses t initate, and monitar the of patients during TTH I Level C
"“" Warses may consider atjusting work assignments for patients underguing TTM iib Lewel ©
B T end VAP, ated preumonta

—

Summary

Subarachnoid Hemorrhage

e oty Yo e american Heart @ Targeted temperature management is aimed at limiting the cascade of
A damage following injury
T e—— . . . )
Guldellnes for the of @ Both normothermia and targeted hypothermia are important strategies to
Intracerebral Hemorrhage limit damage; both can cause shivering
suideline for Healtheare Professionals From the American Heart . . . . . .
Association/American Stroke Association @ Assess the patient hourly with subjective and objective methods: the
1O 10,1 1615TR00D00MNIG0NI6 Bedside Shivering Assessment Scale (BSAS) and BIS and EMG monitoring
@ |dentify and treat shivering as early as possible to prevent rigorous shivering

2018 Guidelines for the Early Management of Patients
‘With Acute Ischemic Stroke

A Guideline for Healthcare Professionals From the American Heart
Association/American Stroke Assaciation

and worsening neuro insult

DOI: 10,116 LSTROMMMDO0000MK] S8
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