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Off-Label Uses of Medications

Propofol, ketamine, magnesium sulfate, buspirone, meperidine,
dexmedetomidine, fentanyl, midazolam, dantrolene, ondansetron,
tramadol, clonidine, vecuronium, cisatracurium
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Learning Objectives

Pharmacist Objectives:
Recognize the benefits and adverse effects of targeted temperature management
Select the most appropriate pharmacological interventions to manage shivering during
targeted temperature management
. are the ewdence and outcomes between lower versus higher temperature targets
(33°(€ versus 36°C
Technlclan Objectlves

Detscrltbe the physiologic effects of hypothermia and hyperthermia in post-cardiac arrest
patients

Identify medications used during the different phases of targeted temperature
management

Examine how to prioritize safe and efficient delivery of medications for patients receiving

targeted temperature management
USHP

Post-Cardiac Arrest Care: American Heart Association
(AHA)

Advanced critical care

Background

Anoxic
10% brain injury,
survival morbidity
rate and
mortality

350,000 out

of hospital
arrests
annually
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Post-Cardiac Arrest Care: American Heart Association
(AHA)

Initiate targeted
temperature
management
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Advanced critical care




Overview of Targeted Temperature
Management (TTM)
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Hyperthermia Post-Cardiac Arrest
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Physiologic Benefits of Hypothermia
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Complication
Physiologic Benefits of Hypothermia Physiotogic-Berrefits of Hypothermia

| Cerebral
metabolic
rate

| secondary
injury
mechanisms
| neuro- o,
@ excitatory
amino acids

. and diical applic

Phases of TTM Tools for TTM

Ice packs
(avoid fluctuations;

maintain at least 24
hours)

Infusion of ice-cold Lactated Ringer’s
Extracorporeal circulation
Antipyretics

o ¥ [Non-invasive ___________llnvasive ____________
5

o Air/water circulated cooling blankets Intravascular catheters

=3

g Maintenance

Q.

5

QL

Water/alcohol sprays

Skin exposure
(32-36)

Immersion in cold water

Bindra, A

& Gupta, D. (2016). Targeted temperature managerment in neurocrical care: Boon or




2015 AHA Post Cardiac Arrest Guideline Recommendations

Patients undergoing targeted temperature
management post-cardiac arrest are
recommended by AHA to be cooled to:

A. 30°C

. 32-36°C

25-30°C

. All of the above

. None of the above

Mmoo w
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Actual Application of TTM

+ Wide practice deviations from guidelines

» Decreased TTM use overtime
+ Misinterpretation of studies
« Controversy over outcomes from different temperature targets
+ Limited experience from providers
+ 1-2 times/year

iewgard CD, Radecki R, Vike GM. Hospial variation inthe utlization and

Effects and Complications of TTM

USHP
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Physiologic Changes in TTM

* | Heart rate + Hypovolemia + Cooling: « Infection risk + Cooling:
| Cardiac * HypoK+ * Hyper-
output + HypoMg+ glycemia
* 1 Blood * HypoPhos
pressure * Rewarming:
+ Rewarming: * Hypo-
« HyperK+ glycemia

+ | Platelet
function

« | White
blood cells

+ Impaired
coagulation
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Which of the following is an expected
physiologic change during the initial cooling
phase of targeted temperature management?

Bradycardia

Leukocytosis

Hypotension

Hypervolemia

USHP

Complications of TTM

Cooling Curve
38

"Rebound hyperthermia” risk

37
Hemodynamic recovery

Shivering
o ® Electrolvte Losses Increased O2 consumption
Q Y A Increased K+
b 35 Hyperglycemia Hypoglycemid
E Impaired coagulation
2
g Bradycardia
g 3 Sepsis-like syndrome
i) » Decreased cardiac output, diuresis
Tachyarrhythmias, atrial fibrillation
31
30
0 4 8 12 16 20 2 28

Permman SM, Goyal M, Neurnar RW, Topjian AA, Galeski DF. Cirnical applications of targeled temperalure menagement. Chest. 2014 Feb 1;145(2):

34°C
32°C

32
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386.93.

What are two common physiologic effects of
targeted temperature management should we
monitor for during the rewarming phase?

Hypokalemia

Hyperkalemia

Hypoglycemia

Hyperglycemia

&1
&1l
1 &IV
& 1v
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Electrolyte and Glucose Shifts

Cooling:

Rewarming:
Rebound 1K+
Cautiously supplement during rewarming
| blood glucose
Check glucose frequently and cautiously give insulin

USHP

2 2012.Jun 1 (Vo. 16, No. S2, p. A25). BioMed Cenira,

True or false: during the cooling phase of targeted temperature
management, you may expect that a patient will require higher
doses of insulin compared to the rewarming phase:

True
False
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Goals of pharmacological therapies

| Shivering threshold

metabolic effects of and shivering

hypothermia

E | Adverse electrolyte/
(= ]

|<mm 1 Patient comfort and
sedation

USHP
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Shivering Management

USHP
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Physiology of Thermoregulation

Thermoreceptors
Hypothalamus

Smooth muscle Sweat glands Skeletal Muscle Endocrine glands
arterioles

| Sweating ‘ 1 Shivering ‘ ‘ 1 Metabolic heat ‘

USHP

Weant KA, Martin JE, Humphries RL., Cook AM. Phamacologic options forreducing the shivering respons to therapeuic hypothermia, Phamecotherapy: The Joumal of Human Phammacology and Drug Therapy. 2010 Aug:30(8)830-41

Shivering

Increases heat production up to 600%
Triples oxygen consumption

Prolongs induction (cooling) time

38°C  Vasodilation
37.5°C Thermoneutral

36 °C  Vasoconstriction

35.5°C Shivering

USHP

Weant KA, Mertin JE, Hurpiies RL Cook AM. Pharmacologic options for reducing the shivering respons 1o therapeuc hypothernia. Phiarmacotherapy: The Journal of Human Phiamnacology and Drug Therapy. 2010 Aug30(8):83041

Bedside Shivering Assessment Scale

0 None No shivering

1 Mild Shivering localized to neck/ thorax, may be seen only
as artifact on ECG or palpitation

2 Moderate  Intermittent involvement of upper extremities +/- thorax

3 Severe Generalized shivering or sustained upper/lower

extremity shivering

Badjatia N, Strongiis E, Gordon E. et a. Metabolc impact of shivering curing therapeutic temperature moduation: the Bedside Shivering Assessment Scale. Stroke. 2008; 39(12)32:

Therapies for Shivering

Approaches:

Lower shivering threshold
Buspirone
Meperidine
Dexmedetomidine
Opioids

Vasodilation; reduce smooth muscle tone
Magnesium

Paralysis

Neuromuscular blockers

USHP

Weant KA, Mertin JE, Hurpiies RL. Cook AM. Pharmacologic options for reducing the shivering response (o therapeutic hypothermia. Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy. 2010 Aug:30(8 83041




Therapies for Shivering Therapies for Shivering
Medication [ Mechanism ___________[Benefits_______ Medication | Mechanism ___________[Benefits_______

Buspirone 5-HT1A partial agonist Minimal toxicities (sedation, T Buspirone 5-HT1A partial agonist Minimal toxicities (sedation, T
(Use with meperidine or dizziness, nausea) o — Sweating (Use with meperidine or dizziness, nausea) o — Sweating
dexmedetomidine) 2 B Vasodiation dexmedetomidine) 2 M Vasodilation
Meperidine k-opioid and a2 receptor agqnist > Eff_ectiye in lowering ‘é’_ — Thermoneutral Meperidine k-opioid and a2 receptor ago_nist > Effecti_ve in lowering “E’_ | Thermoneutral
Decrease oxygen consumption and  shivering threshold ks Decrease oxygen consumption and  shivering threshold 8
catecholamine excretion N Vasoconstriction catecholamine excretion > Vasoconstriction
(Monotherapy or with buspirone/ @ M Shivering (Monotherapy or with buspirone/ 3
dexmedetomidine) 2 dexmedetomidine) s
Dexmedetomidine a2 agonist No respiratory depression for © Dexmedetomidine a2 agonist No respiratory depression for © [ Shivering
waking subjects i i waking subjects i i
Magnesium NMDA antagonist, calcium Possible neuroprotection Magnesium NMDA antagonist, calcium Possible neuroprotection
antagonist > peripheral antagonist - peripheral

vasodilation U S HP vasodilation U S HP

y and Drug Therapy. 2010 Au . Humphies R Pher y and Drug Therapy. 2010 Aug
o

A 50 year old male presents to your hospital with an out-of-hospital
cardiac arrest with a shockable rhythm. After achieving ROSC, the team . . . .
decides to initiate targeted temperature management. Which of the Therapies for Shivering: Paralytics
following medication will you NOT recommend as a 1st option to prevent
shivering?

Pros

* Rapid onset

» Most effective drug for shivering
« Minimal major hemodynamic effects

A. Acetaminophen
. Meperidine + Buspirone
. Cisatracurium

. Dexmedetomidine

m o O @

. Magnesium sulfate Cons

« Mask seizures

 No vasodilating effects
« Muscle weakness

« Delayed clearance

U S HP « Continued shivering response U S HP

Poldermran KH. Appi




Patient Comfort: Sedation and Analgesia

Goals:
Optimize regimen before paralysis
Use lowest dose with shortest half-life

Fentanyl Opioid analgesic Fast onset, potent Respiratory depression, chest wall
rigidity, ileus, decreased clearance
during hypothermia

Propofol Sedative, suppress  Fast onset and Hypotension, bradycardia, propofol
excitatory offset, decrease infusion syndrome,
neurotransmitter shivering threshold hypertriglyceridemia

USHP

Weant KA, Mertn JE, Humrphies RL. Gook AM. Pharmacologic options for reducing the shivering respons to therapeutic hypotherria. Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy. 2010 Aug:30(8) 83041

Hypothermia’s effects on drug metabolism

Fentanyl 32 1 [Plasma] 25%

Propofol 34 1 [Plasma] 28%

Rocuronium 304 | Clearance to 51%
Vecuronium <35, 35-35.9, 36-36.9 | Clearance 11.3% per degree

Midazolam 35.5-36.5 | Clearance 11% per degree

USHP

ZhouJ, Poloyac SM. The effectof therapeutic hypothermia on drug metabalism and response: csluar mecharisims to organ funcion. Expert opifion on drug metabolism & toxioology. 2011 Jul 1:7(7)803-16.

Operational Considerations

USHP
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Medication Safety Considerations

Sound-Alike:
BusPIRone vs buPROPion
Demerol (brand meperidine) vs Dilaudid
Ketamine vs ketorolac
DexMEDEtomidine vs dexAMETHasone
Precedex (brand dexmedetomidine) vs Peridex (brand chlorhexidine)
Vecuronium vs valproate, vancomycin

Look-Alike:
Propofol vs liposomal bupivacaine (both milky white)

USHP
S ———
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Preparation of Paralytics

+ Compounding:
+ Concentrations of vials

m Vial concentrations Diluted concentrations

Rocuronium 10 mg/mL Up to 5 mg/mL
Vecuronium Reconstituted to 1 mg/mL  100-200 mcg/mL
(powder) (10 mg, 20 mg sizes)

Cisatracurium 2 mg/mL, 10 mg/mL 400 mcg/mL

» Risk of errors
+ Labeling

Storage
| [ Beyondusedate |

Drug (in original Rocuronium Vecuronium Cisatracurium
vials)

UEE G Refigerated Room temp Refrigerated
manufacturer exp

60 days Manufacturer exp 21 days
Diluted vials wi 24 hours (room 24 hours 24 hours (room temp
NS, D5W, LR temp) (refrigerated) or refrigerated)

- Segregate and differentiate paralytics!

USHP

Delivery

« Prioritizing
+ Can't tube paralytics
+ Deliver to more “urgent” locations first

+ Paralytics— safety considerations
+ Pay attention to location: OR, ED, ICUs
* In-person hand-off
+ Don't leave it lying around!
+ Labeling: “WARNING: PARALYING AGENT- CAUSES RESPIRATORY

ARREST” U S HP
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Shortage Concerns

+ Propofol

+ Midazolam

+ Rocuronium
» Vecuronium
+ Cisatracurium
+ Ketamine

+ Fentanyl



http://online.lexi.com/
http://online.lexi.com/
http://online.lexi.com/
http://online.lexi.com/
http://online.lexi.com/
http://online.lexi.com/
https://www.ashp.org/Drug-Shortages/
https://www.accessdata.fda.gov/scripts/drugshortages/

An ICU nurse sends a message to the technician requesting for a first
dose of continuous cisatracurium STAT for a shivering post-arrest patient.
Which of the following options represent the most safe and efficient
delivery of this medication?

. Tube cisatracurium to the ICU floor since it's STAT

>

B. Ask the runner to deliver it immediately; if unable to find the nurse, leave it
outside of the patient cassettes so the nurses will see it first

@)

. Ask the nurse to do bedside compounding since it's most efficient way to
initiate the medication STAT

. Prepare the IV bag with appropriate warning labels and ask the runner to
deliver the medication immediately to the ICU first

O

USHP

45 46

TTM Guideline Recommendations

* 32 -34°C
2013 ACC/AHA STEMI

PANEYA TN oS JO-Ie[Tell « 32 - 36°C
Arrest Care « (Class 1, LOE B)

2016 Canadian « 32-36°C
Cardiovascular Society- .
Ol oA a e (Strong recommendation)

2017 AAN Reducing
Brain Injury After
CardiopulmonanArestac M O (XS ) =))

« 32-34°C (Level A)

How Low Should We Go?
Literature Review of Trials

USHP

Major Studies

HACA (2002)
Bernard et al (2002)
Nielsen et al (2013)
HYPERION (2019)
USHP
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HACA (2002): Design
O

» Determine targeted temperature 32-34°C vs normothermia after cardiac arrest led
to a difference in neurologic outcomes within 6 months or differences in mortality

r_ﬁ

* Multicenter, randomized controlled trial

N

« N =275, ventricular fibrillation or ventricular tachyarrhythmia (shockable)

 —

« Treatment group: within 4 hours after ROSC, cooled to 32-34°C for 24 hours

HACA (2002): Conclusions

e CoONClusion

* More patients in hypothermia group (55%) vs normothermia group (39%) had favorable
neurologic outcomes within 6 months (RR 1.4, P = 0.009)

« Fewer incidences of death in hypothermia group (41%) vs normothermia group (55%) (RR 0.74,
P=0.02)

e Limitations

« Control group had Tmax > 37°C
» No coma severity data pre-randomization

—— IR ELCENEN

« Post-cardiac arrest patients should be cooled to 32-34°C for 24 hours to improve outcomes and
decrease mortality

(Y

Bernard et al (2002): Design
E.

« Determine if moderate hfypothermia 33°C vs normothermia led to differences in hospital survival to
discharge or neurologic function

— E—
« Randomized, controlled trial

Population
«N =77, ventricular fibrillation out of hospital arrest (shockable)

Intervention

« Treatment group: within 2 hours of ROSC, cooled to 33°C and actively rewarmed at 18 hours for 6

hours P

Bernard et al (2002): Conclusions

amm  Conclusions

« Better neurologic outcomes in hypothermia (49%) vs normothermia (26%) group
« No difference in mortality or adverse events (ex., significant cardiac arrhythmias)

e Limitations

« Unable to blind physicians
« Potential exclusion of patients with poor prognosis

« Post-cardiac arrest, patients should be cooled to 33°C to improve neurologic
outcomes

S
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HACA vs Bernard et al: Interventions and Conclusion

[ |HAcA2002 Bernard et al 2002

Temperature 32-34°C vs normothermia 33°C vs normothermia
Targets

Duration 24 hours, then passive 18 hours, then active
intervention rewarming rewarming over 6 hours
Outcomes Mild hypothermia may have better neurologic

outcomes and decreased mortality

USHP

Nielsen et al (2013): Design

B —

» Determine difference in mortality at 180 days in post-arrest patients when targeting 33°C vs 36°C

* Multicenter, randomized controlled trial

—

« N =939, shockable and nonshockable rhythm

— —

+ 33°C vs 36°C, gradual rewarming at 28 hours by 0.5°C/hour to target 37°C

—

Nielsen et al (2013): Conclusions

mmmm  Conclusions

« No difference in mortality
« No difference in neurologic outcomes

e Limitations

Body Temperature (°C)

« High bystander CPR; unclear if contributory towards outcomes
« Less selective, thus hard to determine ideal population

NS 0

« Targeting 33°C vs 36°C post-cardiac arrest was not associated with reduced all cause
mortality or better neurologic outcomes i
U I

d J, Kuiper M, Pelis T. Targeted lemperature

Nielson et al (2013) Fever Curve

-== 36Cgroup

33°C group

101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Hours since Randomization

Minimal to no
hyperthermia

USHP

Pelis T. Targeted temperature
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HYPERION (2019): Design
r

« Compare 33°C vs 37°C on neurologic outcomes at day 90 in patients with out-of-hospital cardiac arrests
with non-shockable rhythms

« Open-label, multicenter, randomized controlled trial

—

+N =584, ~67 years old, 91-96% witnessed arrest, ~70% bystander CPR with non-shockable rhythm

F

« Hypothermia: 33°C for 24 hours with slow rewarming 0.25-0.5°C/hour
« Normothermia: 36.5-37.5°C for 48 hours P

HYPERION Fever Curve

" ‘
il Il
"
Tl
o //
I
e
£ suput
N
N
:
.
e s it

USHP

HYPERION (2019): Conclusions

mmmm  Conclusion

« Better neurologic outcomes in patients cooled to 33°C vs 37°C (10.2% vs 5.7%)

mm  Limitations

« Telephone conversations to assess neurologic outcomes
* 10% of patients had unknown rhythms
« Control group was maintained at 37°C

.0

« Targeting 33°C over 37°C in patients with non-shockable rhythms leads to better
neurologic outcomes

Based on the 4 major trials, which of the following
temperatures targets should be selected to have the
highest likelihood of neurologic benefit?

30°C
33°C
36°C
37°C
. The ideal target is still unclear

moow»

USHP
e —"]
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Recommendations for Future Direction

Evaluate:
Fever prevention vs strict temperature targets
Duration of cooling
Cooling in non-shockable rhythm
Medications for shivering management

USHP
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Thank You!

USHP

Conclusion

Targeted temperature management in post-cardiac arrest patients may
improve neurologic outcomes

Avoid hyperthermia

Temperature targets have varied
36°C vs 33-34°C has not shown to have a difference in neurologic
outcomes

Pharmacists can help monitor for fever and educate others on anti-
shivering therapies

USHP
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E-mail: Helen.Hou@Utah.edu
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Supplemental Slide:
Columbia Anti-Shivering Protocol

Step Intervention Dose

0 Baseline Acetaminophen 650-1000 mg Q 4-6 h
Buspirone 30mgQ8h
0.5-1 mg/h IV Goal (3-4 mg/dl)

43°C/MAX Temp

Magnesium sulfate

Skin counterwarming

1 Mild sedation Dexmedetomidine 0.2-1.5 megrkg/h
or Fentanyl starting dose 25 mcg/h
Opioid Meperidine 50-100 mg IM or TV
2 Moderate sedation Dexmedetomidine and Opioid ~ Doses as above
3 Deep sedation Propofol 50-75 meg/kg/min
4 blockade i 0.1 mg/kg IV

17


https://www.ashp.org/Drug-Shortages/
http://online.lexi.com/
https://www.accessdata.fda.gov/scripts/drugshortages/
http://online.lexi.com/
http://online.lexi.com/

