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OBJECTIVES

§ Define	and	understand
… poikilothermia	and	hypothermia
… How	thermal	homeostasis	is	normally	
maintained

… How	body	heat	is	lost	in	anesthesia
…What	the	consequences	of	hypothermia	are
… How	body	heat	can	be	maintained
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POIKILOTHERMIA

§ the	inability	to	regulate	core	body	
temperature	(as	by	sweating	to	cool	off	
or	by	putting	on	clothes	to	warm	up),	
found	especially	in	some	spinal	cord	
injury	patients	and	in	patients	under	
general	anesthesia.	

§ (poikilothermia.	Dictionary.com.	Dictionary.com	Unabridged.	Random	House,	Inc.	
http://www.dictionary.com/browse/poikilothermia	(accessed:	November	26,	2016).

§ Hypothermia	is	core	body	temperature	
less	than	36.0°C

Page 8 of 



THERMOREGULATION

§ major	thermoregulatory	defenses	in	humans	are…
… sweating,	
… arteriovenous	shunt	vasoconstriction,
… shivering.
… (Non-shivering	thermogenesis	(activation	of	brown	fat	by	an	uncoupling	protein,	thermogenin15)	is	

used	in	preference	to	shivering	in	infants)
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TRANSIENT RECEPTOR PROTEINS

§ Transient	receptor	potential	(TRP)	channels	are	a	group	of	
unique	ion	channels	that	serve	as	cellular	sensors	for	a	wide	
spectrum	of	physical	and	chemical	stimuli	(23,25,142).	They	
respond	with	exquisite	sensitivity	to	fundamental	cell	
signaling	elements	such	as	PIP2,	Ca2+,	cyclic	nucleotides,	
phosphorylation	potential,	temperature,	and	osmotic	
pressure,	as	well	as	environmental	inputs	that	can	be	either	
beneficial	or	harmful.	Activation	of	TRP	channels	changes	the	
membrane	potential,	translocates	important	signaling	ions	
cross	the	cell	membrane,	alters	enzymatic	activity,	initiates	
endocytosis/	exocytosis,	and	so	on.
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THERMOREGULATION

§ Sessler	DI,	Olofsson	CI,	Rubinstein	EH,	Beebe	JJ:	The	thermoregulatory	threshold	
in	humans	during	halothane	anesthesia.	Anesthesiology	1988;	68:836–42

§ Matsukawa	T,	Sessler	DI,	Sessler	AM,	Schroeder	M,	Ozaki	M,	Kurz	A,	Cheng	C.	
Heat	flow	and	distribution	during	induction	of	general	anesthesia.	Anesthesiology.	
1995	Mar;82(3)	662-673.

§ Andrea	Kurz,	MD,	Daniel	I.	Sessler,	MD,	Richard	Christensen,	BA,	Martha	Dechert,	
BA;	Heat	Balance	and	Distribution	during	the	Core-Temperature	Plateau	in	
Anesthetized	Humans.	Anesthesiology	1995;83(3):491-499

§ …and	on	for	another	390	articles	in	PubMed
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CORE HEAT LOSS:  REDISTRIBUTION
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CHANGE IN HEAT CONTENT AND TEMPERATURE
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Active	Warming	During	Cesarean	Delivery.
Horn,	Ernst-Peter;	Schroeder,	Frank;	Gottschalk,	Andre;	
Sessler,	Daniel;	Hiltmeyer,	Natascha;	Standl,	Thomas;	
Schulte	Esch,	Jochen

Anesthesia	&	Analgesia.	94(2):409-414,	February	2002.
DOI:	10.1213/00000539-200202000-00034

Figure	1	.	Core	temperature	in	patients	assigned	to	
passive	insulation	or	active	warming.	Data	are	expressed	
as	means	+/- sd.	All	values	after	60	elapsed	minutes	
differed	significantly	in	the	two	treatment	groups	(*).	
Core	temperatures	at	the	end	of	surgery	were	
significantly	greater	in	the	actively	warmed	patients	
(37.1[degrees]C	+/- 0.4[degrees]C)	than	in	those	assigned	
to	passive	insulation	(36.0[degrees]C	+/- 0.5[degrees]C;P	
<	0.05).

CAESARIAN SECTION



CONSEQUENCES of Hypothermia

§ Coagulopathy
§ Surgical	site	infection
§ Alteration	in	enzyme	function
§ Postoperative	shivering
§ Contribution	to	postop	myocardia	stress
§ Thermal	discomfort
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COAGULOPATHY

§ Reversible	impairment	of	platelet	
aggregation	via	reduced	release	of	
thromboxane	A2 which	reduces	
formation	of	an	initial	platelet	plug

§ also	impairs	the	function	of	enzymes	in	
the	coagulation	cascade	which	reduces	
clot	formation
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COAGULOPATHY / TRANSFUSION
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Intraoperative	Core	Temperature	Patterns,	Transfusion	
Requirement,	and	Hospital	Duration	in	Patients	
Warmed	with	Forced	Air.
Sun,	Zhuo;	Honar,	Hooman;	Sessler,	Daniel;	Dalton,	
Jarrod;	Yang,	Dongsheng;	Panjasawtwong,	Krit;	Deroee,	
Armin;	Salmasi,	Vafi;	Saager,	Leif;	Kurz,	Andrea

Anesthesiology.		122;2:276-285,	February	2015

Fig.	6	.	Adjusted	probability	of	transfusion	estimates	
versus	integrated	area	above	the	core	temperature	
versus	time	curve	and	below	a	threshold	of	37[degrees]C,	
Estimates	adjusted	to	an	"at-risk"	reference	population	
defined	by	age	>	55	yr,	body	mass	index	2,	preoperative	
hemoglobin		4	h.	Shaded	regions	represent	pointwise,	
Bonferroni-adjusted	(for	simultaneous	analysis	on	two	
outcomes)	95%	confidence	intervals.	The	regression	
model	was	based	on	45,866	patients	who	were	admitted	
on	the	day	of	surgery	and	who	had	esophageal	
temperature	monitoring.	*Adjusted	for	year,	type,	and	
duration	of	surgery,	body	mass	index,	age,	preoperative	
platelet	count,	preoperative	hemoglobin,	estimated	
blood	loss,	and	individual	anesthesiologist,	as	well	as	the	
Elixhauser	comorbidities	16	(see	table	2	for	a	listing	of	
these	comorbidities).Pr	=	probability.
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Sun,	Zhuo;	Honar,	Hooman;	Sessler,	Daniel;	Dalton,	
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Anesthesiology.		122;2:276-285,	February	2015

Fig.	7	.	Adjusted	estimates	of	geometric	mean	duration	of	
hospitalization	in	days	versus	integrated	area	above	the	
core	temperature	versus	time	curve	and	below	a	
threshold	of	37[degrees]C,	for	39,180	hospital	in-patients	
who	were	admitted	on	the	day	of	surgery	and	who	had	
intraoperative	esophageal	temperature	monitoring.	
Shaded	regions	represent	pointwise,	Bonferroni-adjusted	
(for	simultaneous	analysis	on	two	outcomes)	95%	
confidence	intervals.	*Adjusted	for	year,	type,	and	
duration	of	surgery,	body	mass	index,	age,	preoperative	
platelet	count,	preoperative	hemoglobin,	estimated	
blood	loss,	and	individual	anesthesiologist,	as	well	as	the	
Elixhauser	comorbidities	16	(see	table	2	for	a	listing	of	
these	comorbidities).	LOS	=	length	of	stay.



SSI

§ All	surgical	wounds	become	
contaminated.	Whether	contamination	
progresses	to	infection	is	mostly	
determined	by	host	defence.
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SSI - NEJM
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SSI2 – TRAUMA LAPAROTOMY
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ENZYME DYSFUNCTION

§ Given	the	thermal	sensitivity	of	enzymes,	
it	is	unsurprising	that	even	mild	
hypothermia	prolongs	the	action	of	
various	drugs.

§ Muscle	relaxants,	propofol,	…
§ A	predictable	consequence	of	delayed	
drug	disposition	is	that	postanaesthetic	
recovery	is	prolonged	in	hypothermic	
patients
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SHIVERING AND MYOCARDIA STRESS

§ Three	hundred	patients	undergoing	abdominal,	thoracic,	
or	vascular	surgical	procedures	who	either	had	
documented	coronary	artery	disease	or	were	at	high	risk	
for	coronary	disease.

§ Mean	core	temperature	after	surgery	was	lower	in	the	
hypothermic	group	(35.4±0.1°C)	than	in	the	
normothermic	group	(36.7±0.1°C)

§ Perioperative	morbid	cardiac	events	occurred	less	
frequently	in	the	normothermic	group	than	in	the	
hypothermic	group	(1.4%	vs	6.3%;	P=.02)

§ Hypothermia	was	an	independent	predictor	of	morbid	
cardiac	events	by	multivariate	analysis	(relative	risk,	2.2;	
95%	confidence	interval,	1.1-4.7;	P=.04),	indicating	a	55%	
reduction	in	risk	when	normothermia	was	maintained

Page 24 of 



JAMA 1997:  MORBID CARDIAC EVENTS
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THERMAL COMFORT

§ Hypothermic	patients	felt	uncomfortably	cold	during	recovery,	
and	their	postoperative	core	temperatures	remained	
significantly	less	than	in	the	normothermic	patients	for	more	
than	four	hours.	Peripheral	vasoconstriction	and	shivering	were	
common	in	the	hypothermic	patients	but	rare	in	those	kept	
normothermic.
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HOW TO AVOID HYPOTHERMIA

§ Avoid	active	cooling		(warming	
intravenous	fluids,	HME	exchangers)

§ Keep	OR	warm
§ Keep	patient	covered
§ Actively	warm	patient

… Forced	Air	warming	devices
…Warm	water	circulators
… electric	heated	mattresses	and	pads
… conductive	warming	systems	(such	as	
resistive	conductive	polymer	blankets)

… infrared	lights,	anaesthetic	air	warming	and	warm	CO	in	
laparoscopic	surgery
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AVOID ACTIVE COOLING

§ 1000	cc	IV	fluid	at	20⁰	↓	core	temp	.25⁰
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WARMING FLUIDS IN CABINETS?
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FLUID WARMING DEVICES
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NICE FLUID GUIDELINE
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ACTIVE WARMING

§ Keep	OR	warm
§ Keep	patient	covered
§ Actively	warm	patient

… Forced	Air	warming	devices
…Warm	water	circulators
… electric	heated	mattresses	and	pads
… conductive	warming	systems	(such	as	
resistive	conductive	polymer	blankets)

… infrared	lights,	anaesthetic	air	warming	and	warm	CO2 in	
laparoscopic	surgery
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FORCED AIR WARMING DEVICES
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CONDUCTIVE HEATING
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IS ACTIVE WARMING EFFECTIVE?
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IS ACTIVE WARMING EFFECTIVE?
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NICE 2008
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AT RISK PATIENTS

§ neonates
§ low	ambient	OR	temperature
§ burn	patients
§ general	anesthesia	combined	with	
neuraxial	anesthesia

§ geriatric	patients
§ low	patient	temperature	before	
induction

§ thin	body	type
§ large	blood	loss	(in	that	order)
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MEASURING TEMPERATURE

§ Pulmonary	artery	catheter: considered	the	gold	standard	for	measuring	
core	body	temperature.	

§ Esophageal	temperature: accurately	reflects	core	body	temperature.	
§ Nasopharyngeal	temperature:	This	is	reasonably	close	to	brain	and	

core	temperature.
§ Tympanic	membrane	temperature: This	is	a	reliable	measure	of	core	

temperature	but	requires	the	transducer	to	be	placed	in	contact	with	
the	tympanic	membrane.	Infrared	tympanic	thermometers	are	difficult	
to	handle	and	might	not	reflect	tympanic	temperature.

§ Bladder	Temperature: although		a	close	approximation	of	core	
temperature,	the	accuracy	of	this	site	decreases	with	low	urine	output	
and	during	abdominal	surgery.	Reliable	choices	during	regional	anes.

§ Skin	temperature	monitors:	These	can	be	confounded….
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SENSORS
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§ Zero-Heat-Flux	Thermometry	
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TREATMENT OF SHIVERING

§ Post-anesthetic	shivering	can	be	treated	by	skin-surface	
warming	because	the	regulatory	system	tolerates	more	core	
hypothermia	when	cutaneous	warm	input	is	augmented.32

§ a	variety	of	drugs,	including	
… clonidine	(75 μg	iv),	
… ketanserin	(10 mg,	iv),	
… physostigmine	(0.04 mg/kg),	
… tramadol	(1 mg/kg),	
… magnesium	sulfate	(30 mg/kg).

§ meperidine	is	reportedly	far	more	effective	in	treating	shivering	
than	equi-analgesic	doses	of	other	μ	agonists.
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§ Thanks
… For	your	attention
… 3M	for	their	sponsorship
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RCH PREWARMING STUDY

Ø Standard	of	care	
passive	warming	via	
flannel	blankets	or	
control	group

Ø prewarmed via	
BairPawsTM forced	air	
warming	gowns	
starting	at	least	30	
min	before	entering	
the	operating	room	
(OR).	
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BAIR PAWS
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POWS
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POWS RESULTS3
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COMPARING TEMPERATURE MEASUREMENT
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