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Hypothermia

iHypothermia is common In
severely Injured trauma patients
(Jurkovich, J Trauma 1987, others)

1“Bloody vicious cycle” (Kashuk and
Moore, J Trauma 1982)
1Hypothermia associated with

iIncreased mortality (Martin, Shock
2005)




Hypothermia

1Increasingly used to preserve

cerebral function after cardiac arrest.

(Hypotheria after Cardiac Arrest Study Group,
NEJM, 2002)

1 Some authors have proposed as a
means to salvage exsanguinating

trauma patients. (Wu, Circulation 20086,
Alam, Surgery 2002)




QuickTime™ and a
decompressor
are needed to see this picture.

* Prospective, observational trial
e 7/ Level | Trauma Centers

 Trauma Patients in Shock (BD>5,
SBP<90) and requiring blood
transfusion

Annals of Surgery, May 2009
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Demographic and experimental variables in patients
with and without hypothermia

Mean + SD (Median) Patients with Patients without p-value*

Min — Max Hypothermia in the Hypothermia in the

First 6 hours First 6 hours
(N=155) (N=204)

Age 39+ 17 (35) 39+ 17 (36)

18 — 89 18 — 89

Gender (% Male) 72% 73%

(1SS 30+ 16 (29) 26+ 14 (26)

4 =75 1-75

N=203

Total PRBCs (mL) in first 6 3281 £4242 (2100) 1543 £ 2094 (734)

hours 0 — 30900 0— 13200

Total Crystalloids and 8366 = 4479 (7500) 6268 + 4634 (5632)

Colloids in first 6 hours 940 - 28700 160 - 42000

ICU Free Days (median) 18 days, N=152 23 days

T—Tﬁf.*f.i‘rﬂ Eraa T“m}-'q {!1‘!?!‘“:’!‘!1:& 2 5 r“'!ﬁ}fc; N—1582 12 8 ﬂ,ﬂ.}-'f:

Mortality 25/152 (16%) 25/204 (12%)

| Vinlimple Urgan Faiiure | L8134 1 21%0) ' L/718719%)

N is only reported when different from the header in the table.

*Wilcoxon Two Sample Test or Fisher’s Exact Test. )
Beilman GJ et al. Ann Surg 2009




MODS risk related to various risk factors

a.  Outcome=0NODS _ P
Odds Ratio (95% CT)

Est. 95% (1
.. - -~ 2274105 491
Hypothermia in the first 6 2.27(L05,4.91)
hours
Total Crystalloids and 600 ce 1.02 (0.98
Colloids m the First 6
hours
Total FEBC's in the First &

hours

600 cc 1.04 (0.96

.. e 0.74 (0.62, 0.89)*
MNimmum StO2 1n the o !

First Hour
Maximmum Base Deficit in 10mEqL 105097, 1.
the First Hour

Mimimum SBP in the First 10 mmHg 1.07 {0290, 1.
Hour

* p<0.05. Calculations of odds ratios based on following changes within risk groups: Crystalloids
and blood: 600 cc, Minimum StO,:10%, Maximum base deficit: 1ImEq, Minimum SBP 10 mm Hg.
Crystalloid and colloid infusion not significant when included in model (MODS p=0.30, mortality
p=0.94).

Beilman GJ et al. Ann Surg 2009



Mortality risk related to various risk factors

b.  Outcome=Mortality _ S
Odds Ratio (95% CI)

1 Tnits Est. 95% 1
Hypothermia in the first & ~350 0.78 (037,167
hours
Total Crystalloids and
Colloids m the First &
hours

G600 cc 1.01 {(0.96, 1.05)

Total PRBC 600 cc 1.04 (098, 1.11)
hours

Mimimum StO2 in the 0.76 (0.64
First Hour

Maxinum Base Deficit in
the First Hour

Minimum SBP in the First _ o
Hour 10 mmHge 0.91{0.75

l0mEg/L,. 108 (1.00

* p<0.05. Calculations of odds ratios based on following changes within risk groups: Crystalloids and blood:
600 cc, Minimum StO,:10%, Maximum base deficit: 1mEq, Minimum SBP 10 mm Hg. Crystalloid and
colloid infusion not significant when included in model (MODS p=0.30, mortality p=0.94).

Beilman GJ et al. Ann Surg 2009



Conclusions

1Hypothermia is common In severely
Injured trauma patients, occurring
Irrespective of environmental
factors

iHypothermia is a ris

fartnr for
IN 1 CAUSS LUV I\JI

MODS but not mortality







Induced Hypothermia Reduces
Mortality in a Porcine Model of

Hemorrhagic Shock

Mark George, Kristine Mulier, Greg Beillman

- db

AAST 2007, Surgical Forum 2007,
1851

J Trauma, in press



Clinical Question

 How aggressive must
rewarming efforts be in the field
to prevent consequences of
hypothermia?



Hypothesis

 Hypothermia is associated with
Increased mortality in a porcine
model of hemorrhagic shock
mimicking prolonged evacuation
times



Intubation

Surgery

Stabilization Period

until lactate < 2.0 mmol/L
variable duration
baseline biopsy —-y

Hemorrhage
MAP 45-55 mm Hg
45 minutes

shock biopsy——~y

Temperature Targeted

Resusgzltatlon

SBP 80 mm Hg

T=39C

T=36C

T=33C

8-hour biopsy—-=y
Full Resuscitation

SBP 90 mm Hg

Hgb > 6.0 g/dL (blood)

UO > 1 mL/kg/hour

16 hours

24-hour biopsy—

Extubation
24 hours

48-hour biopsy—~ Jr
Euthanasia



Temperature 8 hours post resuscitation
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Normothermic Mild Hypothermic Profound Hypothermic

P<0.05 compared to normothermic
animals, n=5 in each group George, et al, AAST 2007




Percent survival

Hypothermic Resuscitation Survival

10

20 30 40 50
Time of Death (hr)




Lactate 48 hours post resuscitation

10

Lactate (g/dL)

Normothermic Hypothermic

P<0.05 compared to normothermic
animals



Volume (cc)
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P<0.05 compared to normothermic

animals




Conclusions

= Hypothermia immediately after
Injury resulted in lower mortality
rates, with lowest rates in the
profoundly hypothermic group of
animails.

* Induced hypothermia was
assoclated with lower resuscitation
fluid requirements and lactate
levels after hemorrhagic shock.



Caveats!!

* [nduction of coagulopathy In
pigs
= Controlled model of hemorrhage

* Prolonged hypotensive
resuscitation not congruent with
current civilian practice.

= TBI






Polytrauma Model

 What are the effects of
hypothermia in the setting of
polytrauma and a resuscitation
strategy more closely
mimicking current practice?
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Endpoints:

Standard physiologic measures

Blood gasses, lactate,
Organ injury measures
Vet GCS

Randomize:
normothermic vs hypothermic

Anesthesia, Surgical
Prep,Instrumentation,
Lactate < 2

v

Pulmonary Contusion
(captive bolt gun)

Controlled Hemorrhage
SBP 50 for 1 hour

Liver Fx
“Holcomb” clamp

Limited Resus
1 hour: SBP 80
Temp targets (39° vs 34°C)

v

Full Resus
SBP 90
Temp target (39°)




Resuscitation

SBP < 90 mmHg

ke 10 coikg
shed blood iy,

First 24 hours

Yes

Yos

Hogb < & g/dl

b

Give 20 co/kg
Lactated Rngers

L0 < 1 celkg/hr

Yo M

{hsene

Second 24 hours: extubated, observed
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Core Temperature
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Mortality

18 animals

|

Died prior to randomization
(n=2)

|

Mortality

TN

Normothermic Hypothermic
2/8 1/8
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Resuscitation Fluid (1st 24 hours)

normothermic

hypothermic

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
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UL

Markers of Organ Injury

180

160

140 -

m Hypothermic

120 - H Normothermic

100 -

80 -

60 -

20 -

Alk phos p=.042 AST p=.033

24 hours post-shock

14

12

10

m Hypothermic
B Normothermic

BUN p=.016 Creatinine p=.033
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No Differences

e SBP e Bilirubin
* Urine Output o Albumin

e Cardiac Index e Creatine kinase
. DO2/VO2/02ER . ¢rt clearance

e NH/lactate/RDN
rJI 1/ 1ICANVLCALV T LY LY o IL_6

* Intraperitoneal |\, ~~g

blood loss

M UNIVERSITY OF MINNESOTA

Driven to Discover



Differences

e StO2 (lower In hypothermia)

* Heart rate (higher in hypothermia)
« Hemoglobin (lower In hypothermia)
* Platelets (lower In hypothermia)
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Conclusions

* In this model of polytrauma and
uncontrolled hemorrhagic shock,
moderate hypothermia was safe.
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Issues

e Underpowered
e Lower than expected mortality
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Hypothermia: Two Circumstances

 Environmental: Hypothermia is
Induced, beneficial effects of
slowing of metabolism,
biochemical effects

 Shock-Induced: Results from
metabolic faillure, associated with
acidosis, coagulopath
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