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Released June 1999Released June 1999

““…the …the greatest opportunity for reducing greatest opportunity for reducing 
mortality and morbidity of battlefield mortality and morbidity of battlefield 
casualties involves fluid resuscitationcasualties involves fluid resuscitationcasualties involves fluid resuscitation casualties involves fluid resuscitation 
and treatment and treatment of of hypovolemiahypovolemia……””

•• resuscitationresuscitation changed little in 20changed little in 20thth centurycenturygg yy
•• IVF IVF has changed even lesshas changed even less
•• battlefield logistics especially challengingbattlefield logistics especially challenging



HH

Artificial colloids for Artificial colloids for hypovolemiahypovolemia??

R6R6 =H, CH=H, CH22CHCH22OH, or OH, or 
connection to other connection to other 
glucose unitsglucose units

CCHH
HH

OO

OO HetastarchHetastarchHetastarchHetastarch

OOHH OHOHOO

derived from derived from amylopectinamylopectin
resembles glycogenresembles glycogen

R3R3OOHH

OO nnR2R2

=H or CH=H or CH22CHCH22OHOH

‐‐HydroxyethylHydroxyethyl groups attached by ether linkage at Cgroups attached by ether linkage at C‐‐2, C2, C‐‐3, & C3, & C‐‐6  of the glucose unit 6  of the glucose unit 

‐‐0 75 molar substitution0 75 molar substitution (75(75 hydroxyethylhydroxyethyl groups for every 100 glucose units)groups for every 100 glucose units)

M l b tit tiM l b tit ti MW & i di t ib tiMW & i di t ib ti

‐‐0.75 molar substitution 0.75 molar substitution (75 (75 hydroxyethylhydroxyethyl groups for every 100 glucose units)groups for every 100 glucose units)

‐‐avgavg MW = 670K  MW = 670K  (range =450(range =450‐‐800K; >80% of the polymer units 20K800K; >80% of the polymer units 20K‐‐ 2.5M)2.5M)

Molar substitution,  Molar substitution,  avgavg MW, & size distributionMW, & size distribution
determine side effects (e.g. determine side effects (e.g. coagcoag, anaphylaxis, etc), anaphylaxis, etc)



HextendHextendTMTM,,
6%6% h t t hh t t h

FDA approvedFDA approved (4/99)(4/99) forfor

6% 6% hetastarchhetastarch
in lactated electrolyte injection in lactated electrolyte injection 

http://http://www.hospira.comwww.hospira.com

FDA approved FDA approved (4/99)(4/99) for for 
hypovolemiahypovolemia

http://http://www.hospira.comwww.hospira.com

••efficacy approximates that of 5% albumin efficacy approximates that of 5% albumin 
••side effect profile is favorable side effect profile is favorable vsvs albuminalbumin
••safety/efficacy safety/efficacy only in elective surgeryonly in elective surgery

hetastarchhetastarch replaced by plasma proteins;replaced by plasma proteins;hetastarchhetastarch replaced by plasma proteins; replaced by plasma proteins; 

ππ and electrolytes help retain intravascular volumeand electrolytes help retain intravascular volume



HextendHextend,,
66% % hetastarchhetastarch

in in lactated lactated 
l t l tl t l t

0.9%0.9% NaClNaCl
injection injection 

USPUSP

HespanHespan,,
66% % hetastarchhetastarch
in 0.9% in 0.9% NaClNaCl

i j tii j ti

Lactated Lactated 
Ringer’s Ringer’s 
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Fluid Resuscitation in Modern Combat Casualty Care:

2003 May;54(5):S46‐S51

Fluid Resuscitation in Modern Combat Casualty Care:  
Lessons Learned from Somalia 
COL John B. Holcomb, MD, FACS

"...One liter of LR  expands volume by approx 250 "...One liter of LR  expands volume by approx 250 mLmL;  ;  
500 500 mLmL of of HextendHextend expands volume by 800 expands volume by 800 mLmL......
500 500 mLmL of of HextendHextend is functionally equivalent to 3L of LR ..is functionally equivalent to 3L of LR ..
this represents a 6x weight/benefit advantage this represents a 6x weight/benefit advantage ..."..."

ConcensusConcensus algorithm:algorithm:

"...After hemorrhage is controlled,"...After hemorrhage is controlled,
500500 --1,000mL1,000mL HextendHextend......"......"500 500 1,000mL 1,000mL HextendHextend............



The military has deployed The military has deployed HextendHextend for logistic reasons...for logistic reasons...

Is one liter safeIs one liter safeIs one liter safe Is one liter safe 
and effecti e forand effecti e forand effective for and effective for 

t ?t ?trauma?trauma?



HextendHextend in humans in humans (as of 7/1/09)(as of 7/1/09)

1) Blood loss in 1) Blood loss in cardiac surgerycardiac surgery. Transfusion. 2008Apr;48(4):768. Transfusion. 2008Apr;48(4):768--75. 75. 

2) 2) Case report:Case report: anaphylaxis. Can J anaphylaxis. Can J AnaesthAnaesth. 2006 Oct;53(10):989. 2006 Oct;53(10):989--93. 93. 

3) Pl l i3) Pl l i l tl t A th iA th i 2004 A 59(8) 7382004 A 59(8) 738 42423) Plasma volume in 3) Plasma volume in volunteersvolunteers.  .  AnaesthesiaAnaesthesia. 2004 Aug;59(8):738. 2004 Aug;59(8):738--42.  42.  

4) Pharmacokinetics in 4) Pharmacokinetics in volunteersvolunteers.  .  AnesthAnesth AnalgAnalg. 2002 Mar;94(3):538. 2002 Mar;94(3):538--44; 44; 

5) A id5) A id b d l t l t d t i l f i ib d l t l t d t i l f i i ld lld l5) Acid5) Acid--base and electrolytes and gastric mucosal perfusion in base and electrolytes and gastric mucosal perfusion in elderly elderly 

surgical patientssurgical patients.  .  AnesthAnesth AnalgAnalg. 2001 Oct;93(4):811. 2001 Oct;93(4):811--6. 6. 

6) Large volume use in6) Large volume use in major surgerymajor surgery: a randomized phase III clinical trial: a randomized phase III clinical trial6) Large volume use in 6) Large volume use in major surgerymajor surgery: a randomized phase III clinical trial.  : a randomized phase III clinical trial.  

AnesthAnesth AnalgAnalg. 1999May;88(5):992. 1999May;88(5):992--8.8.

plus at least 8 studies evaluating effects on plus at least 8 studies evaluating effects on coagulationcoagulation ex vivo ex vivo 

but, no studies in trauma patientsbut, no studies in trauma patients



Clinically relevant trauma modelsClinically relevant trauma models
Novel resuscitation strategy for pulmonary contusion after 
2003 Jul;55(1):94‐105 ATACCC '00

severe chest trauma ME Kelly, PR Miller, JJ Greenhaw, TC Fabian, KG Proctor

2004 Sep;57(3):547‐554 ATACCC '02

Building a better fluid for emergency resuscitation of 
traumatic brain injury BA Crookes, SM Cohn, H Bonet, M Majetschak, EA 
Burton J Nelson AJ Varon J Linden KG Proctor

2004 Sep;57(3):547 554

Burton, J Nelson, AJ Varon, J Linden, KG Proctor

Ch  i  i t i l  l ti  d l i  
2004 Aug;136(2):353‐363 ATACCC '04

Changes in intracranial pressure coagulation and neurologic 
outcome after resuscitation from experimental brain injury with 
hetastarch DR King  SM Cohn  KG Proctorhetastarch DR King, SM Cohn, KG Proctor

2007 Feb;204(2):2612007 Feb;204(2):261--275275
C b lC b l it ti  ft  it ti  ft  

ATACCC '07

CerebrovascularCerebrovascular resuscitation after resuscitation after 
polytraumapolytrauma and fluid restriction      and fluid restriction      SA Earle, MA SA Earle, MA deMoyadeMoya, JE , JE 
ZuccarelliZuccarelli, MD , MD NorenbergNorenberg, KG Proctor, KG Proctor



MP Ogilvie, BMT Pereira, MG MP Ogilvie, BMT Pereira, MG McKenneyMcKenney, PJ McMahon, R Manning,  , PJ McMahon, R Manning,  
AS Livingstone, N AS Livingstone, N NamiasNamias, CI Schulman, & KG Proctor, CI Schulman, & KG Proctor

Initial fluid resuscitation in trauma patientsInitial fluid resuscitation in trauma patientsInitial fluid resuscitation in trauma patientsInitial fluid resuscitation in trauma patients
Verified by University of Miami, Sep 2008Verified by University of Miami, Sep 2008

Clinical Clinical trials.govtrials.gov identifier:  NCT00527098identifier:  NCT00527098

The purpose is to evaluate the The purpose is to evaluate the 
safety and efficacy of HETsafety and efficacy of HET sol'nsol'nsafety and efficacy of HET safety and efficacy of HET sol nsol n
((HextendHextendTMTM)  )  ±± standard of care for standard of care for 
resuscitation of trauma patientsresuscitation of trauma patientsresuscitation of trauma patientsresuscitation of trauma patients



RandomizedRandomized blindedblinded designdesign isis notnot
permittedpermitted inin FloridaFlorida withwith waiverwaiver ofof
consentconsent eveneven whenwhen comparingcomparing twotwo FDAFDA‐‐consentconsent eveneven whenwhen comparingcomparing twotwo FDAFDA
approvedapproved compoundscompounds

HETHET addedadded toto UMUM formularyformulary inin AprApr 0808

AvailableAvailable toto allall asas therapeutictherapeutic optionoption

IRBIRB approvedapproved toto reviewreview initialinitial clinicalclinicalIRBIRB approvedapproved toto reviewreview initialinitial clinicalclinical
experienceexperience withwith waiverwaiver ofof consentconsent



""A good plan today is A good plan today is g p yg p y
better than a perfect plan  better than a perfect plan  p pp p
tomorrow."tomorrow."

——George S. Patton.George S. Patton.



2041 admissions to Ryder Trauma Center2041 admissions to Ryder Trauma Center
5 DOA 5 DOA 

74 Burns 74 Burns 

4 non4 non--trauma/drowning trauma/drowning 
327 excluded327 excluded

(16.0%)(16.0%)

JunJun--Dec 2008Dec 2008

eligible study population: eligible study population: 
1714 Blunt/penetrating trauma patients 1714 Blunt/penetrating trauma patients 

244 transfers from ER244 transfers from ER

805 rec’d HET + SOC805 rec’d HET + SOC
(47.0%) (47.0%) 

909 909 rec’drec’d SOC onlySOC only
(53.0(53.0%) %) 

44 Died< 30 minDied< 30 min
801801 survivors (survivors (99.2%99.2%)) 881881 survivors (96.4 %)survivors (96.4 %)

3838 Died> 30 minDied> 30 min 5353
(4.7%)(4.7%) pp=0.2808=0.2808

4  4  Died< 30 minDied< 30 min
2828

(0.1%)(0.1%) pp<0.0001 <0.0001 
(3.1%)(3.1%)

213 discharged213 discharged
(26.7 %)(26.7 %)

292 discharged292 discharged
(33.1 %)(33.1 %)

( %)( %) pp 0 8080 808
(6.0%)(6.0%)

225225 ICUICU 185185

550 hospitalized patients550 hospitalized patients
(68.9 %)(68.9 %)

536 hospitalized patients536 hospitalized patients
(61.0%)(61.0%)

225 225 ICUICU 185185
(40.9%)(40.9%) pp=0.0334=0.0334 (34.5%)(34.5%)325 floor325 floor

(59.1 %)(59.1 %)
351 Floor351 Floor
(65.5 %)(65.5 %)



100100
HET+SOCHET+SOC

Cumulative mortality Cumulative mortality vsvs timetime

8080

9090 SOCSOC
HET+SOCHET+SOC

6060

7070

4040

5050

2020

3030

4040

1010

2020

00
00 120120 240240 360360 480480 88 1212 1616 2020 2424 11 33 55 7722 44 66 22 88 101044 66

hrshrs daysdays weeksweeksminsmins
Time after admissionTime after admission



Causes of DeathCauses of Death (Jun(Jun--Dec 2008)Dec 2008)

after blunt or penetrating traumaafter blunt or penetrating trauma

septicseptic
shockshock ARDSARDSTBITBIARFARFHemHem

shockshock
SOCSOC 4949 3          213          21 77 22
((nn=81)=81) 60%      4%60%      4% 26%26% 9%9% 2%2%

““… reduce … reduce mortality and morbiditymortality and morbidity
HET+SOCHET+SOC 20           4         20          11            1120           4         20          11            11
((nn=42)=42) 48%      10%48%      10% 48%48% 26%26% 26%26%y yy y

by treatment of by treatment of hypovolemiahypovolemia……””



AllAll 81/90981/909
42/80542/805 pp=0.0035=0.0035

% mortality% mortality odds ratioodds ratio
Blunt or penetrating Blunt or penetrating univariateunivariate analysisanalysis

AllAll 42/80542/805 pp

malesmales

femalesfemales
13/19113/191
16/15216/152

26/64626/646
66/71266/712

pp=0.2445 NS=0.2445 NS

pp=0.0001=0.0001

SOC onlySOC only
HET + SOCHET + SOC

>70>70

1818--5454 20/65620/656

8/1018/101

14/4114/41

52/70952/709

11/11711/117

16/7616/76

pp=0.0004=0.0004

pp=0.8115 NS=0.8115 NS

pp=0.1283 NS=0.1283 NS

ageage 5555--7070

>70>70 14/4114/41

<<--44 16/20516/205

1515/382/382

28/18428/184

1111/358/358

pp=0.0247=0.0247

pp=0.5557 NS=0.5557 NSBDBD 00-- --44

>0>0 66/146/146
33/192/192 pp=0.1823 NS=0.1823 NS

1313--1515 11/65911/659

4/444/44

11/73211/732

6/476/47

pp=0.8326 NS=0.8326 NS

pp=0.7408 NS=0.7408 NSGCSGCS 99--1212

<<99 27/9527/95
62/12362/123 pp=0.0013=0.0013

GCSGCS 99 1212

11--1010 1/4861/486
2/5502/550

21/23921/239

pp=1.0 NS=1.0 NS

0 2054 NS0 2054 NS

0.10.1 11 101000 1010 2020 3030 4040 5050

2626--7575

12/22312/223
21/23921/239

56/11356/113

pp=0.2054 NS=0.2054 NS

pp=0.0142=0.014229/8929/89

ISSISS 1111--2525



HET+ SOC HET+ SOC ((nn=227)=227) SOC SOC ((nn=188)=188)

ISS ISS 1919±±1010 1919±±1010

RTSRTS 6.96.9±±1.41.4 7.17.1±±1.11.1

MM±±SDSD
Admitted to ICUAdmitted to ICU

SS 6 96 9
Survival probabilitySurvival probability 89.589.5±±17.017.0 92.592.5±±12.112.1

BD, BD, mEqmEq/L/L --5 5 ±± 55 --3 3 ±± 55
initial TRUinitial TRU HctHct 38.4 38.4 ±± 6.46.4 39.1 39.1 ±± 6.26.2

PT, secPT, sec 14.0 14.0 ±± 3.43.4 13.6 13.6 ±± 4.24.2
PTT, secPTT, sec 25.9 25.9 ±± 6.06.0 25.2 25.2 ±± 6.06.0

initial TRUinitial TRU
lab values lab values 

initial ICUinitial ICU
lab valueslab values

BD, BD, mEqmEq/L/L --1 1 ±± 44 --2 2 ±± 44

HctHct 35.0 35.0 ±± 5.65.6 36.3 36.3 ±± 10.310.3

PT, secPT, sec 14.814.8 ±± 1 51 5 14.814.8 ±± 2 92 9lab values lab values PT, sec PT, sec 14.8 14.8 ±± 1.51.5 14.8 14.8 ±± 2.92.9
PTT, secPTT, sec 30.6 30.6 ±± 7.57.5 30.4 30.4 ±± 8.48.4

pRBCspRBCs, units, units 77 ±± 88 77 ±± 66

24 hr24 hr
totals totals 

pRBCspRBCs, units, units 7 7 ±± 88 7 7 ±± 66

FFP, unitsFFP, units 6 6 ±± 77 7 7 ±± 66

IVF, mlIVF, ml 8126 8126 ±± 63556355 7508 7508 ±± 57825782

UO, mlUO, ml 3355 3355 ±± 16541654 3093 3093 ±± 18481848

ICU, daysICU, days 14 14 ±± 1818 10 10 ±± 1414

Hospital, daysHospital, days 25 25 ±± 2828 21 21 ±± 2323
LOSLOS



eligible study population:eligible study population:

PENETRATING TRAUMA ONLYPENETRATING TRAUMA ONLY
eligible study population:eligible study population:

451 patients451 patients

204 rec’d204 rec’d HET+SOCHET+SOC
(45.2%) (45.2%) 

247 rec’d SOC only247 rec’d SOC only
(54.8%)(54.8%)

202202 i (i (99 0%)99 0%) 237 i (237 i (96 0%)96 0%)
2  2  Died< 30 min       Died< 30 min       1010

7         7         Died> 30 min Died> 30 min 2222
(3.5%)     (3.5%)     pp=0.0194=0.0194 (9.3%)(9.3%)

202202 survivors (survivors (99.0%)99.0%) 237 survivors  (237 survivors  (96.0%)96.0%)(1.0%)(1.0%) pp=0.0737       =0.0737       (4.0%(4.0%))

131 hospitalized patients131 hospitalized patients
(65 5 %)(65 5 %)

121 hospitalized patients121 hospitalized patients
(52 2%)(52 2%)

64 discharged64 discharged
(32.0 %)(32.0 %)

94 discharged94 discharged
(40.1%)(40.1%)

41 41 ICU               ICU               4545
(31.3%) (31.3%) pp=0.3488   =0.3488   (37.3%)(37.3%)90 floor90 floor

(58.4 %)(58.4 %)
76 Floor76 Floor
(62.1%)(62.1%)

(65.5 %)(65.5 %) (52.2%)(52.2%)



Penetrating trauma Penetrating trauma only only univariateunivariate analysisanalysis
% mortality% mortality odds ratioodds ratio

32/24732/247 0 00160 0016AllAll SOC onlySOC only
HET + SOCHET + SOC

32/24732/247
9/2049/204 pp=0.0016=0.0016AllAll

8/1798/179
29/29/216216 pp=0.0028=0.0028malesmales

0/110/11
3/183/18 pp=0.2685 NS=0.2685 NS5555--7070

7/1857/185
26/22026/220 pp=0.0056=0.00561818--5454

ageage

2/32/3
2/42/4 p=1.0 NSp=1.0 NS>70>70

3/2043/204
2/1802/180 p=0.4570 NSp=0.4570 NS1313--1515

6/126/12 pp=0.0195=0.0195<<99

GCSGCS 1/71/7 p=1.0 NSp=1.0 NS99--1212

26/3026/30

2/82/8

1/1771/177
0/1540/154 pp=1.0 NS=1.0 NS11--1010

ISSISS 6/366/36 p=0.5642 NSp=0.5642 NS1111--2525 9/379/37

00 2020 4040 6060 8080 0.10.1 11 1010 5050

21/2821/28
pp=0.0425=0.04252626--7575 3/93/9



however with multihowever with multi--variatevariate analysis.....analysis.....

Predictors of Mortality After Blunt Predictors of Mortality After Blunt yy
or Penetrating Trauma (or Penetrating Trauma (nn=1699)=1699)

ageage 1.06 1.06 ±± 0.010.01 <0.001<0.001 1.04 1.04 -- 1.071.07
gendergender 2 092 09 ±± 0 700 70 0 0270 027 1 091 09 -- 4 014 01

Odds Ratio Odds Ratio ±±SESE pp 95% CI95% CI

gendergender 2.09 2.09 ±± 0.700.70 0.0270.027 1.09 1.09 -- 4.014.01
GCSGCS 0.74 0.74 ±± 0.020.02 <0.001<0.001 0.69 0.69 -- 0.790.79
ISSISS 1.12 1.12 ±± 0.010.01 <0.001<0.001 1.10 1.10 -- 1.151.15

HETHET 0.63 0.63 ±± 0.190.19 0.1170.117 0.35 0.35 -- 1.121.12
PenetrPenetr 6.53 6.53 ±± 2.482.48 <0.001<0.001 3.11 3.11 -- 13.72  13.72  



multimulti--variatevariate analysis.....analysis.....

females earl deaths e cl dedfemales earl deaths e cl dedfemales, early deaths excluded....females, early deaths excluded....

P di t f M t lit ftP di t f M t lit ftPredictors of Mortality after Predictors of Mortality after 
Penetrating Trauma (Penetrating Trauma (nn=430)=430)Penetrating Trauma (Penetrating Trauma (nn 430)430)

Odds Ratio Odds Ratio ±±SESE pp 95% CI95% CI
ageage 1.07 1.07 ±± 0.030.03 0.0200.020 1.01 1.01 -- 1.141.14
GCSGCS 0.62 0.62 ±± 0.060.06 <0.001<0.001 0.52 0.52 -- 0.750.75

HETHET 0.16 0.16 ±± 0.160.16 0.0680.068 0.02 0.02 -- 1.141.14
ISSISS 1.17 1.17 ±± 0.040.04 <0.001<0.001 1.09 1.09 -- 1.261.26



SummarySummary && ConclusionsConclusions
HetHet ++ SOCSOC forfor initialinitial resuscitationresuscitation
FirstFirst inin traumatrauma ptspts;; largestlargest inin surgicalsurgical ptspts

NoNo coagulopathycoagulopathy;; nono morbiditymorbidity (safety)(safety)NoNo coagulopathycoagulopathy;; nono morbiditymorbidity (safety)(safety)

MortalityMortality possiblypossibly ** inin extremisextremis (efficacy)(efficacy)MortalityMortality possiblypossibly inin extremisextremis (efficacy)(efficacy)

*Open*Open label,label, nonnon--randomized,randomized, singlesingle
centercenter trialtrial hashas inherentinherent limitationslimitationscentercenter trialtrial hashas inherentinherent limitationslimitations......



Other studies Other studies vsvs SOCSOC
11.. 3232 RCTsRCTs;; nono evidenceevidence thatthat albuminalbumin mortalitymortality vsvs
crystalloidcrystalloid InternIntern EmergEmerg MedMed.. 20062006;;11((33))::243243--55..

22.. 5555 RCTsRCTs;; nono evidenceevidence thatthat anyany colloidcolloid mortalitymortality vsvs
crystalloidcrystalloid CochraneCochrane DatabaseDatabase SystSyst RevRev.. 20072007 OctOctcrystalloidcrystalloid CochraneCochrane DatabaseDatabase SystSyst RevRev.. 20072007 OctOct
1717;;((44))::CDCD000567000567..

33 7070 RCTsRCTs;; nono evidenceevidence thatthat anyany oneone colloidcolloid isis safersafer oror33.. 7070 RCTsRCTs;; nono evidenceevidence thatthat anyany oneone colloidcolloid isis safersafer oror
moremore effectiveeffective thanthan anyany otherother.. CochraneCochrane DatabaseDatabase SystSyst RevRev..
20082008 JanJan 2323;;((11))::CDCD001319001319..

44.. LargeLarge multicentermulticenter trialtrial stoppedstopped inin 20092009 byby NIHNIH becausebecause
interiminterim resultsresults showedshowed thatthat hypertonichypertonic salinesaline providesprovides nonointeriminterim resultsresults showedshowed thatthat hypertonichypertonic salinesaline providesprovides nono
survivalsurvival benefitbenefit vsvs normalnormal salinesaline
www.medscape.com/viewarticle/590647



Why??Why??
Several differences in trial designSeveral differences in trial design

Why??Why??
Several differences in trial designSeveral differences in trial design

and...and...

absence of proof is NOTabsence of proof is NOTabsence of proof is NOT absence of proof is NOT 
proof of absence, but ......proof of absence, but ......

its impossible to ignore previousits impossible to ignore previous RCTsRCTs

proof of absence, but ......proof of absence, but ......

its impossible to ignore previous its impossible to ignore previous RCTsRCTs



"at least" three explanations"at least" three explanationspp

chancechance ((univariateunivariate pp<0 01: multivariate 0 06<<0 01: multivariate 0 06<pp<0 12)<0 12)chancechance ((univariateunivariate pp<0.01:  multivariate  0.06<<0.01:  multivariate  0.06<pp<0.12) <0.12) 

selectionselection bias bias (not available in time?)(not available in time?)

truetrue treatment effecttreatment effect
--rapid volume correction for subset in extremis(?)rapid volume correction for subset in extremis(?)p ( )p ( )

--negative effect of standard of care crystalloid(?)negative effect of standard of care crystalloid(?)

Adequately powered RCT in patients Adequately powered RCT in patients 
with severe injurywith severe injury is necessary tois necessary towith severe injurywith severe injury is necessary to is necessary to 

reconcile these alternativesreconcile these alternatives


