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Dtsch Arztebl Int. 2015 Mar; 112(10): 166-172.

Preventing Inadvertent Perioperative Hypothermia
Alexander Torossian, Prof. Dr. med.,”! Anselm Brauer, Prof. Dr. med.,2 Jan Hocker, PD Dr. med.,3 Berthold Bein, Prof. Dr.

med.,* Hinnerk Wulf, Prof. Dr. med.,! and Ernst-Peter Horn, PD Dr. med.

d core

25-90% of all patients undergoing elective surgery suffer from inadvertent postoperative hypothermia, i’&:
body temperature below 36°C.

Compared to normothermic patients, these patients have more frequent wound infections (relative risk [RR] 3.25,
95% confidence interval [Cl] 1.35—-7.84), cardiac complications (RR 4.49, 95% C| 1.00-20.16), and blood

transfusions (RR 1.33, 95% Cl 1.06—1.66).
Hypothermic patients feel uncomfortable, and shivering raises oxygen consumption by about 40%.
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lassification Temperature

Normothermia 36°C-38°C
Mild hypothermia 32.2°C 35 C
Moderate hypothermia ES C-32.2°C

< 28°C

evere hypothermia

Deleterious Effects

Cardiac arrhythmias and ischemia

Increased peripheral vascular resistance

Lett shitt of the hemoglobin-oxygen saturation curve
Reversible coagulopathy (platelet dysfunction)
Postoperative protein catabolism and stress response
Altered mental status

Impaired renal function

Decreased drug metabolism

Poor wound healing

Increased incidence of intection
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followed by Range
Vasodilation (~0.2°C)
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Anaesthesia. 2011 Sep;66(9):780-4, 2011 Jun 21.

Postoperative hypothermia and patient outcomes after elective cardiac surgery.
Karalapillai D, Story D, Hart GK, Bailey M, Pilcher D, Cooper DJ, Bellomo R.

Hypothermia after elective cardiac surgery is an important physiological abnormality and is associated with
increased morbidity and mortality. The Australian and New Zealand intensive care adult patient database was
studied to obtain the lowest and highest temperature in the first 24 h after surgery. Hypothermia was defined as
core temperature < 36 °C; transient hypothermia as temperature < 36 °C that was corrected within 24 h; and
persistent hypothermia as hypothermia that was not corrected within 24 h. Hypothermia occurred in 28,587 out of a
total of 4 R ooy [ : Rl
dependently assoaated with increased hospital mortality (OR = 0.9, 95% Cl1 0.8-1.1), whereas perS|stent
hypothermla was assomated W|th markedly mcreased risk of death (OR =6.3, 95% CI 3 3-12. 0) Hypothermla is
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Cochrane Database Syst Rev. 2016 Apr 21;4
Active body surface warming systems for preventing complications caused by inadvertent perioperative hypothermiain
adults.

Madrid E?, Urrutia G, Rogué i Figuls M, Pardo-Hernandez H, Campos JM, Paniagua P, Maestre L, Alonso-Coello P.

BACKGROUND:
Inadvertent perioperative hypothermia is a phenomenon that can occur as a result of the suppression of the central
mechanisms of temperature regulation due to anaesthesia, and of prolonged exposure of large surfaces of skin to cold

temperatures in operating rooms. Inadvertent perioperative hypothermia has been associated with clinical complications,
— increased bleeding or cardiovascular even@]e of the most frequently used techniques to prevent inadvertent
perioperative hypothermia is active body surface warming systems (ABSW), which generate heat mechanically (heating of air,

water or gels) that is transferred to the patient via skin contact.
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Crit Care. 2016; 20: 107.

A recommended early goal-directed management guideline for the
prevention of hypothermia-related transfusion, morbidity, and mortality in
severely injured trauma patients

* Hematological effects

* Clotting factor en sla : i °C.
Hypothermdaimpairs pIateIet functlon between 33 and 37
activity of clotting Tacto v hetow 33 °C [30]
Rohrer and Natale mvestlgated the e ects of temperature on coagulation.

* Partial thromboplastin time levels increased trom 36.0 s at 37 °C to 39.4,
46.1,and b/.2sat 34 'C, 31 'C, and 28 °C, respectively [31]. Temperatures
below 33 °C also inhibit thrombln glycoproteln Ib—IX complex, platelet
aggregation, and thromboxane B2 production. One study Investigated the
reversibility of these effects in whole blood flow cytometric analysis and
’Egg]compllcatlons were shown to resolve with rewarming back to 37 °C
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Orthopedics. 2016 Aug 18:1-8.
Intraoperative Hypothermia During Surgical Fixation of Hip Fractures.

Frisch NB, Pepper AM, Jildeh TR, Shaw J, Guthrie T, Silverton C.

Abstract

Hip fractures are common orthopedic injuries and are associated with significant morbidity/mortality. Intraoperative
normothermia is recommended by national guidelines to minimize additional morbidity/mortality, but limited evidence
exists regarding hypothermia's effect on orthopedic patients. The purpose of this study was to determine the incidence of
intraoperative hypothermia in patients with operatively treated hip fractures and evaluate its effect on complications and
outcomes. Retrospective chart review was performed on clinical records from 1541 consecutive patients who sustained a hip
fracture and underwent operative fixation at the authors' institution between January 2005 and October 2013. A total of 1525
patients were included for analysis, excluding those with injuries requiring additional surgical intervention. Patient
demographic data, surgery-specific data, postoperative complications, length of stay, and 30-day readmission were recorded.
Patients with a mean intraoperative temperature less than 36°C were identified as hypothermic. Statistical analysis with
univariate and multivariate logistic regression modeling evaluated associations with hypothermia and effect on
complications/outcomes. The incidence of intraoperative hypothermia in operatively treated hip fractures was 17.0%.
Hypothermia was associated with an increase in the rate of deep surgical-site infection (odds ratio, 3.30; 95% confidence
interval, 1.19-9.14; P=.022). Lower body mass index and i mcreasmg age demonstrated increased assoaatmn with hypothermia
(P .004 and P=.005, respectlvel .

ound in other surgical specialties that hypothermla may be associated with an mcreased risk of deep surgical-site infection
at lower body mass index and increasing age are risk factors for intraoperative hypothermia
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ALaTOPOXEG TTNKTLKOTNTOG = HLETAYYLOELG = OlVOOOKOTOLGTOAN

Ira L. Leeds, MD, MBA Elizabeth C et al. Advance in sSurgery
2014;48. 65-76.
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J Thorac Cardiovasc Surg. 2010 Jun;139(6):1568-1575.

The relationship between perioperative temperature and adverse outcomes after off-pump coronary artery bypass graft
surgery.

Hannan EL1, Samadashvili Z, Wechsler A, Jordan D, Lahey SJ, Culliford AT, Gold JP, Higgins RS, Smith CR.

The study objective was to determine predictors of hypothermia and hyperthermia, and the impact of hypothermia and hyperthermia on
postoperative outcomes for off-pump coronary artery bypass grafting.

METHODS:

We performed a retrospective study of 2294 patients who underwent off-pump coronary artery bypass grafting in New York in 2007.
Patients were classified as moderately to severely hypothermic (< or = 34.5 degrees C), mildly hypothermic (34.6 degrees C-35.9 degrees C),
or mildly hyperthermic (37.5 degrees C-38.8 degrees C) after leaving the operating room. Significant independent predictors of these
temperature states and the independent impact of each of these states on in-hospital mortality and complications were identified.
RESULTS:

A total of 37.7% of patients were mildly hypothermic, 9.0% of patients were moderately to severely hypothermic, and 5.6% of patients were
mildly hyperthermic. Significant independent predictors for postoperative hypothermia included older age, female gender, lower body
surface area, congestive heart failure, higher ventricular function, non-Hispanic ethnicity, single/double-vessel disease, low postoperative
hematocrit, previous cardiac surgery, race other than white or black, and organ transplant. Patients with moderate to severe hypothermia
had significantly higher risk-adjusted in-hospital mortality than patients with normothermia (adjusted odds ratio 3.00; 95% confidence
interval, 1.11-8.08). Patients with mild hyperthermia also had significantly higher mortality (adjusted odds ratio 5.04; 95% confidence
interval,1.18-21.55). Patients with either mild or moderate to severe hypothermia had significantly higher rates of respiratory failure and
unplanned operations, and patients with mild hyperthermia had a significantly higher rate of respiratory failure than normothermic
patients.
CONCLUSION:
Important to maintain normal postsurgical core temperatures in patients who have undergone cardiac surgery to minimize or avoit
and complications.
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Best Pract Res Clin Anaesthesiol. 2008 Mar;22(1):39-62.
Thermal care in the perioperative period.
Kurz Al.

which is nor e " - S can Tall by as much as 6 degrees C during
anesthesia. The comblnatlon of anesthetic-induced impairment of thermoregulatory control and exposure to a cool
operating room environment causes most surgical patients to become hypothermic. Mild intraoperative hypothermia
triples the incidence of postoperative wound infections, triples the incidence of postoperative myocardial events and
increases perioperative blood loss. Furthermore, it prolongs postoperative recovery and prolongs the duration of
action of almost all anesthestic drugs. Effective methods are available for preventing inadvertent perioperative
hypothermia. Consequently, it is now routine to maintain intraoperative normothermia. There is no widely accepted
definition for the term 'mild hypothermia'. Furthermore, the term is not used consistently within the literature. For
the purpose of this review, mild hypothermia refers to core temperatures between 34 and 36 degrees C


https://www.ncbi.nlm.nih.gov/pubmed/?term=inadvertent+perioperative+hypothermia+and+complication+in+postoperative+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=inadvertent+perioperative+hypothermia+and+complication+in+postoperative+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=inadvertent+perioperative+hypothermia+and+complication+in+postoperative+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=inadvertent+perioperative+hypothermia+and+complication+in+postoperative+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=inadvertent+perioperative+hypothermia+and+complication+in+postoperative+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=inadvertent+perioperative+hypothermia+and+complication+in+postoperative+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=inadvertent+perioperative+hypothermia+and+complication+in+postoperative+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=inadvertent+perioperative+hypothermia+and+complication+in+postoperative+period
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurz A[Author]&cauthor=true&cauthor_uid=18494388
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurz A[Author]&cauthor=true&cauthor_uid=18494388
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurz A[Author]&cauthor=true&cauthor_uid=18494388

Anaesthesia. 2013 Jun;68(6):605-11. 2013 Apr 17.
Postoperative hypothermia and patient outcomes after major elective non-cardiac surgery.
Karalapillai D, Story D, Hart GK, Bailey M, Pilcher D, Schneider A, Kaufman M, Cooper DJ, Bellomo R.

Using a multicentre adult patient database from Australia and New Zealand, we obtained the lowest and
highest temperature in the first 24 h after admission to the intensive care unit after elective non-cardiac
surgery. Hypothermia was defined as core temperature < 36 °C; transient hypothermia as a
temperature < 36 °C that was corrected within 24 h, and persistent hypothermia as hypothermia not
corrected within 24 h. We studied 50, 689 patlents Hypothermla occurred in 23 165 (46%) patlents was
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Influence of Peri-Operative Hypothermia on Surgical Site Infection in Prolonged Gastroenterological
Surgery.

Tsuchida T1, Takesue Y2, Ichiki K2, Uede T2, Nakajima K2, Ikeuchi H3, Uchino M3.

There have been several recent studies on the correlation between intra-operative hypothermia and the
occurrence of surgical site infection (SSI). Differences in the depth and timing of hypothermia and the surgical
procedure may have led to conflicting results.

METHODS:

Patients undergoing gastroenterologic surgery with a duration of >3 h were analyzed. Hypothermia was
defined as a core temperature <36°C and was classified as mild (35.5-35.9°C), moderate (35.0-35.4°C), or
severe (<35.0°C). Hypothermia also was classified as early-nadir (<36°C within two h of anesthesia
induction) and late-nadir (after that time). Risk factors for SSIs were analyzed according to these
classifications.

CONCLUSIONS:
Severe and late-nadir hvoothermianars nciatadaaith 2 greater incidence of SSIs and organ/space SSls.

Howevagheither of these patterns was identified as an mdependent risk factor for SSIs; Dossibly because of

the small number oT pa
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Adv Surg. 2014,48:65-76.

Does close temperature regulation affect surgical site infection rates?

Leeds IL, Wick EC, Melton GB.

Abstract

Thz Giguinenc tor close temperature control, to which regulatory bodies have held health systems in an eiiuit 12 radiice
the burden of hospital-acquired infections, is not fully supported by current evidence. The literature is complex on thc
topic, and over interpretation or nistoricdl udid suppuI LINE Liuse Lermperdlure regulation does not preclude an important
recognition of these early works' contribution to high-quality surgical care. Avoidance of hypothermia through the regular
use of active rewarming should be a routine part of safe surgical care. The biochemical basis of emphasizing temperature
regulation is sound, and ample evidence shows the frank physiologic derangements seen when biological processes
occur at suboptimal temperature. It is also recognized that patients tend to do better when warmed during the
perioperative period, suggesting that warming devices are an important and essential adjunct to good perioperative care.
Clinicians, researchers, and policymakers must be careful in how they apply these well-supported findings to process
metrics in an era of limited resources with increasingly stringent quality guidelines and outcomes measures. Discrete
temperature targets in current measures are not supported by the existing literature. Not only do these targets artificially
anchor clinicians to temperature values with an inadequate scientific basis but they demand intensive resources from
health institutions that could potentially be better used on quality requirements with stronger evidence of their ultimate
effect on patient care
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Avtipetomon vrobeppiag mePLeyyepTIKa

[TpoBeppavon

2 00TNpa 0loxeTevLONG Beppov agpa wote va
e\aytotorondet 1 petwon g core temperature
(active warming) .

Ano@uyr) anwAelag Beppotnrag (passive warming)
Oeppavor TV YOPIYOLHEVDOV OPOV



Avtipetowmon vnobeppiag pereyyepnTika

* Meneproivy:

v 0pd pEom TV DITOOOYEMV TV K-OIMOE10®V
v\ anoteAeoTiKOTEPT) A0 AAAODG P-AYDVIOTEG
v avtiyoAwvepyikr) Opdon

v

agonist activity t@v a2- adrenoreceptors kevipuka

KAovioivn: agonist activity Ttov a2-adrenoreceptors
KEVIPIKA
* duoootiypivy: agonist activity tov a2- adrenoreceptors
KEVTPIKA



A recommended early goal-directed management guideline for the prevention of hypothermia-related transfusion,
morbidity, and mortality in severely injured trauma patients

Crit Care. 2016; 20: 107
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Meiwon avaykwv og 02
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XYMIIEPAXMATA -1
Yrobepuia wg oouPfav

H vnoBeppia armoteAel cOXYVO @ATVOPEVO HEPLEY XELPTTIKA
H anwAera Oeppotntag yivetatl Katd KOPLo AOYo Peow
AKTIVOPOALAG KAl AY®Y1S

[Ttwon 1°C - 2° C dev etvat aocvvnbeg
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Avembounta eraxolovba vmobepuiag

[oyawuia pookapodiov

Meiwon avtiotaong otig Aotpwdéerg
A1aTapayeg TNKTIKOTHTAG
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* Awatnpnon tng core temperature > 36° C
* BeAtiwon g acpaletag g avatobnoloAoyKG pag
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Cochrane Database Syst Rev. 2015 Aug 10;(8)

Alpha-2 adrenergic agonists for the prevention of shivering following general anaesthesia.
Lewis SR1, Nicholson A, Smith AF, Alderson P.

BACKGROUND:

Shivering after general anaesthesia is common. It is unpleasant but can also have adverse
physiological effects. Alpha-2 (a-2) adrenergic agonist receptors, which can lead to reduced
sympathetic activity and central regulation of vasoconstrictor tone, are a group of drugs that
have been used to try to prevent postoperative shivering

There is evidence that clonidine and dexmedetomidine can reduce postoperative shivering,
but patients given dexmedetomidine may be more sedated.

There is evidence that clonidine and dexmedetomidine can reduce postoperative shivering,
but patients given dexmedetomidine may be more sedated.
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Avyyeltoovoniaon (tédog dpacng avaiodnTikwv rapayoviov)

H petapopa Oeppuotntag Kevipika UeIwVeTal ONUAVTIKA A0y ® THG
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