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Purpose: Thromboelastography (TEG) evaluates the visco-
elastic properties of whole blood to assess clot formation and 
hemostasis. When blood cannot be analyzed immediately, it is 
stored in citrated tubes to be analyzed after recalcification. In 
this study, we evaluated the results of TEG analysis performed 
on citrated blood and compared these results to values obtained 
from activated (kaolin and tissue factor) and non activated, fresh 
blood samples, obtained at various time intervals (one, two, and 
three hours).

Methods: Four blood samples were collected from each 
of ten healthy volunteers. The following TEG analyses were 
performed on each sample: reaction time (r), k time (k), alpha 
angle (α), and maximum amplitude (MA). Studies were done 
using fresh, non citrated blood, obtained within five minutes of 
collection, and using citrated blood, one, two, and three hours 
after collection. Samples were analyzed, with and without acti-
vation, using kaolin and tissue factor. 

Results: Tissue factor activated and non activated, citrated 
samples had shorter r and k times (P = 0.03, P = 0.008, P < 
0.0001, and P < 0.0001, respectively) and higher alpha angle 
and MA values (P < 0.0001, P < 0.0001, P = 0.79, and P = 
0.03, respectively) compared to fresh, non citrated samples. 
These findings were consistent with a hypercoagulable state. 
Conversely, citrated samples, activated with kaolin, yielded 
results similar to those obtained from fresh, non citrated 
samples. The TEG measurements were similar among citrated 
samples stored from one to three hours. 

Conclusions: Our results demonstrate that TEG measures, 
performed on citrated blood samples, yield results that are con-
sistent with a hyperocoagulable state. Using kaolin to activate 
citrated samples, on the other hand, yields results similar to 
those obtained from non citrated, fresh blood samples. 
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Objectif : La thromboélastographie (TEG) évalue les propriétés 
viscoélastiques du sang complet afin d’évaluer la formation 
de caillots et l’hémostase. Lorsque le sang ne peut pas être 
immédiatement analysé, il est stocké dans des tubes citratés afin 
d’être analysé après recalcification. Dans cette étude, nous avons 
évalué les résultats d’analyse TEG obtenus sur des échantillons 
de sang citraté et avons comparé ces résultats aux valeurs obte-
nues à partir d’échantillons de sang frais, activé (kaolin et facteur 
tissulaire) et non activé, lesquels avaient été obtenus à différents 
intervalles de temps (une, deux et trois heures).

Méthode : Dix volontaires sains ont chacun donné quatre échan-
tillons de sang. Les analyses TEG suivantes ont été effectuées sur 
chaque échantillon : temps de réaction (r), temps k (k), angle 
alpha (α) et amplitude maximale (MA). Des études ont été faites 
avec du sang frais et non citraté dans les cinq minutes suivant son 
obtention, ainsi qu’avec du sang citraté une, deux et trois heures 
après la collecte. Les échantillons ont été analysés avec ou sans 
activation à l’aide de kaolin et de facteur tissulaire.
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Résultats : Les échantillons citratés activés et non activés avec le 
facteur tissulaire ont présenté des temps r et k (P = 0,03, P = 
0,008, P < 0,0001, et P < 0,0001, respectivement) plus courts 
ainsi qu’un angle alpha et des valeurs MA plus élevés (P < 0,0001, 
P < 0,0001, P = 0,79, et P = 0,03, respectivement) que les 
échantillons frais et non citratés. Ces résultats coïncident avec un 
état hypercoagulable. En revanche, les échantillons citratés activés 
avec kaolin ont donné des résultats similaires à ceux obtenus à 
partir d’échantillons frais non citratés. Les mesures TEG étaient 
semblables pour les échantillons citratés stockés de une à trois 
heures.

Conclusion : Nos résultats démontrent que les mesures TEG, 
effectuées sur des échantillons de sang citratés, donnent des résul-
tats qui coïncident avec un état hypercoagulable. L’utilisation de 
kaolin pour activer des échantillons citratés, en revanche, donne 
des résultats similaires à ceux obtenus d’échantillons de sang frais 
non citraté.

THROMBOELASTOGRAPHY (TEG) has
beenused tomonitor coagulation1 and to
guide management of blood transfusion
in liver transplantation,2 cardiac surgery,3

trauma,4 and postpartum hemorrhage.5,6 The theo-
reticaladvantageofTEG,overthestandardmonitors
of coagulation (including: prothrombin time; acti-
vated, partial thromboplastin time; fibrinogen level;
and platelet count), is that TEG uses whole blood
toprovideinformationontheentireclottingprocess
(including:initiationandspeedofclotformation;clot
strength;andfibrinolysis).
Thromboelastography analysis can be performed

onnoncitratedor citratedblood.The advantageof
noncitratedbloodistheavoidanceofcontactactiva-
tionrelatedtosamplestorage.Thedisadvantageisthe
necessity toperform theanalysiswithin fiveminutes
ofsampling,ataskthatisnotalwaysfeasible.Thelat-
ter issue is resolvedwhenblood is stored incitrated
tubes,whichallows fordelayedTEGanalysis.There
issomeconcern,however,thatTEGresultsobtained
from citrated blood samples may yield results dif-
ferent from those obtained from fresh, non citrated
bloodsamples.7–10Anotherconcernisthatthestorage
time of citrated blood samples may influence TEG
measures.7–9,11Consequently, to compare the results
of TEG analysis, performed on non citrated blood,
analyzed within fiveminutes of collection, with the
valuesofcitratedblood,stored,withandwithoutuse
of activators, forone to threehours,we carriedout
thisobservationalstudyonhealthyvolunteers.

Methods
AfterweobtainedinstitutionalResearchEthicsBoard
approval for this study, we recruited ten, healthy
volunteers from amongst coworkers employed at
our Institution (DepartmentofAnesthesia).All par-
ticipants gave written, informed consent for their
participation.Inclusioncriteriacalledforparticipants
ofeithergender,whowereingoodhealthandnoton
anymedicationsthatcouldpotentiallyaffectcoagula-
tion.Exclusioncriteriainvolvedpotentialparticipants
withthepresenceofanysystemicdisease,orwhoused
medications (includingherbalmedications andover-
the-counterdrugs)thatmightaffectcoagulation.
Thromboelastography measurements (Figure 1)

were performed using two TEG 5000 analyzers®
(Haemoscope, Niles, IL, USA). The applied meth-
odology was as recommended by themanufacturer.
All blood samples were taken from a 20G catheter
(Angiocath, Becton Dickinson, Sandy, UT, USA)
inserted into the antecubital vein under minimal
venousstasis.Thirtysecondsafterreleasingthetour-
niquet,5mLofbloodwascollectedanddiscarded.An
additional15mLofbloodwascollectedintoa20-mL
syringewithgentlesuction.Partsofthebloodsample
werethentransferredintothree1.8mL,3.2%sodium
citrate,blue-topvacutainers(BectonDickinson).The
tubeswerestoredundisturbed,atroomtemperature,
foruptothreehours.Theremainingbloodwasused
for ‘fresh sample’ TEG analysis directly from the
syringe.
All samples were analyzed, as per standard oper-

ating instructions provided by Haemoscope. The
following three tests were performed on fresh, non
-activatedsamples.1)Forthenonactivatedanalysis,
360µLofbloodwastransferredintothesamplingcup
andprocessed.2)Forkaolinactivatedanalysis,1mL
of bloodwas first transferred into a standard kaolin
cup and thenmixedby threegentle inversions.The
blood(360µL)wasnexttransferredtothesampling
cup and processed. 3) For tissue factor (TF) acti-
vated analysis, 10 µL of dilutedTF (DadeBehring,
Marburg,Germany)was first added to the sampling
cup.TFdilutionwasasfollows:10mLofdistillated
waterwasaddedtotheTFpowder; then100µLof
the solutionwasdilutedoncemorewith9.9mLof
distillated water. Blood (350 µL) was added to the
cupandprocessed.
Citratedsamplesweresimilarlyanalyzedafterone,

two, and three hours of storage,with the following
modifications. For recalcification, 20 µL of calcium
chloridewas added to the TEG sampling cups. For
the non activated and kaolin activated analysis, 340
µLofbloodwasaddedtothesamplingcupandgently
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mixedwithcalciumchlorideusingamicropipette.For
the TF activated analysis, 330 µL of citrated blood
wasaddedtothesamplingcupandgentlymixed.At
each timepoint, a separate citrated samplewasused
foranalysis.

Statisticalanalysis
SAS™ version 8.2 (SAS Institute, Inc., Cary, NC,
USA)wasusedforstatisticalanalyses.Foreachactiva-
tortype,TEGmeasurementdifferenceswereanalyzed
byrepeatedmeasuresANOVAusingageneralmixed
model approach (with PROC MIXED). Time was
considered as nominal variable, with time = 0 cor-
respondingtofreshbloodmeasurements.Aseriesof
Bonferroniadjusted(tocontrolforfalsepositivefind-
ings)pairwisecomparisonswereperformedtostudy
theeffectoftimeontestscores.

Results
Wescreenedtenpotentialparticipantsandallofthem
mettheinclusioncriteria,agreedtoparticipateinthe
study,andgaveinformedconsent.Eightmaleandtwo
femalesubjectswereenrolled.Theiragesrangedfrom
26to40yr(median34yr).
Thromboelastographyvaluesobtained from fresh,

non citrated blood (zero hours) and from citrated
blood at one, two, and three hours are graphically
presented in Figures 2–5 [showing the r, k,α, and
maximumamplitude(MA)values,respectively].
Citrated,nonactivatedsamplestestedatone,two,

andthreehoursofstoragehadashorterrtimeandk
time,aswellasagreateralphaangleandMA,com-

paredwithfresh,noncitratedsamples(P=0.008,P
< 0.0001,P < 0.0001, andP = 0.03, respectively).
Results of TEG analysis of citrated, non activated
samplestestedatone,two,andthreehoursofstorage
weresimilar.
Citrated,TFactivatedsamples,testedatone,two,

and threehoursof storage, comparedwith freshTF
activated samples, had a shorter r time and k time,
aswellasahigheralphaangle,comparedwithfresh,
noncitratedsamples(P=0.03,P<0.0001,andP<
0.0001,respectively).TheMAvaluesofcitratedand
fresh,noncitrated,TFactivatedsampleswerenotsig-
nificantlydifferent(P=0.79).ResultsofTEGanalysis
ofcitrated,TFactivatedsamples,testedatone,two,
andthreehoursofstorage,weresimilar.
Citrated, kaolin activated samples, tested at one,

two,andthreehoursofstorage,yieldedsimilarrtime
and alpha angle compared with fresh, non citrated
samples (P = 0.35, andP = 0.08, respectively).On
theotherhand,citrated,kaolinactivatedsampleshad
longerktimeandlowerMAthannoncitrated,fresh
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FIGURE1Normalthromboelastogram(TEG)showing
thederivationofrtime,ktime,alphaangle,andmaximum
amplitude(MA).

FIGURE2Thromboelastogramresultsofrtime(time=
0)andcitratedbloodatone,two,andthreehoursafter
storage.Bloodsampleswereanalyzedwithoutactivation
(<,native),withtissuefactor(TF)activation(5,TF),and
withkaolinactivation(♦,kaolin).Valuesareexpressedas
mean±standarddeviation.Asterisksindicateresultswhich
werestatisticallysignificant(P=0.008,P=0.03,andP=
0.35fornative,TF,andkaolinmeasurements,respectively).
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samples (P = 0.03 andP < 0.001).Results ofTEG
analysisofcitrated,kaolinactivatedsamples,testedat
one,two,andthreehoursofstorage,werenotsignifi-
cantlydifferent.

Discussion
Inthisstudy,wecomparedtheresultsofTEGanaly-
ses,usingfresh,noncitratedbloodsamples,withthe
results of citrated samples stored for one, two, and
threehours.Wefoundthatthedurationofstorageof
citratedbloodhadnodiscernableeffectonnonacti-
vatedoractivated(withTForkaolin)TEGanalyses.
On the other hand,we observed that the results of
TEG analyses were different when comparing fresh,
non citrated and citrated blood samples. Except for
kaolin activated measures, citrated blood samples
showed changes that would be consistent with a
hypercoagulablestate.Thesechangesweremoststrik-
ing in thenonactivated samples,but theywerealso
presentinTFactivatedsamples.

Several previous studieshave evaluated the stabil-
ity of citrated blood samples for TEG analysis and
have compared the use of citrated and non citrated
blood samples for TEG. These studies, however,
examineddifferentstudypopulationsandapplieddif-
ferentmethodologies,yieldingsomewhatinconsistent
results (Table). Collectively, these studies show that
citrated samples are unstable for the first 30min of
storage, but are stable, thereafter, for up to eight
hours.9Inmoststudies,ahypercoagulabletrendhas
beenobservedwithstoredcitratedsamples,compared
withnoncitrated, fresh samples.Among these,only
one study investigated severely ill patients.10 In this
study,nodifferenceswereobservedwhencomparing
freshandcitrate-storedbloodsamples.
Our study adds new information to the existing

data,byshowingthatthehypercoagulabletrend,with
citratedsamples,ispresentwhennoactivatorisused,
orwhenTF,butnotkaolin, isaddedtoactivatethe
sample.

FIGURE3Thromboelastogramresultsofktime(time=
0)andcitratedbloodatone,two,andthreehoursafter
storage.Bloodsampleswereanalyzedwithoutactivation
(<,native),withtissuefactor(TF)activation(5,TF),
andwithkaolinactivation(♦,kaolin).Valuesareexpressed
asmean±-standarddeviation.Asterisksindicateresults,
whichwerestatisticallysignificant(P<0.0001,P<0.0001,
andP=0.03fornative,TF,andkaolinmeasurements,
respectively).

FIGURE4Thromboelastogramresultsofalphaangle
(time=0)andcitratedbloodatone,two,andthreehours
afterstorage.Bloodsampleswereanalyzedwithoutactiva-
tion(<,native),withtissuefactor(TF)activation(5,TF),
andwithkaolinactivation(♦,kaolin).Valuesareexpressed
asmean±standarddeviation.Asterisksindicateresults
whichwerestatisticallysignificant(P<0.0001,P<0.0001,
andP=0.08fornative,tissuefactor(TF),andkaolinmea-
surements,respectively).
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There are several possible explanations for the
apparent“hypercoagulablestate”ofcitratedsamples.
Camenzind et al.9 postulated that citrate may be
responsible for incomplete inhibition of thrombin
formation. Additionally, Bowbrick et al.8 were able
toprolongstabilityofcitrate-storedsamplesbycool-
ing them to4oC,hence inhibiting platelet function.
Anotherexplanationisthepossibilitythattransferring
abloodsamplefromthesyringetotheTEGcupmay
resultincontactactivation.11
The reason that a hypercoagulable tendency was

not observed in kaolin activated samples is unclear.
Nevertheless, these findings suggest that TEGmea-
suresoncitratedbloodsamplesshouldbeperformed
withkaolin,ratherthanwithTFactivation.
Ourstudyhasseverallimitations.Firstly,thestudy

cohortconsistedoften,healthyvolunteers.Basedon
previousstudiesofTEGonvolunteers,7,8,11weantici-
pated that this sample size would provide a precise
estimate of the distribution of TEG measures. The
samplesize,however,wastoosmalltoallowustoana-
lyzegendereffectsonTEGmeasurements.Sorensen
et al.12 have shown that gendermay influenceTEG
measures.Secondly,becausewerecruitedhealthyvol-
unteers,ourfindingsmaynotbeapplicabletopatients
withcongenitaloracquiredcoagulationdefects,where
TEGmeasuredistributionsarelikelytobemorevari-
ableandabnormal.11Finally,wedidnotperformTEG
analyseswithcitratedsamplesduringthefirsthourof
storage and, consequently, we cannot comment on
samplestabilityduringthistime.Previousstudieshave
found that citrated samples produce unstable results
duringthefirst30minofstorage.9,11

FIGURE5Thromboelastogramresultsofmaximumampli-
tude(time=0)andcitratedbloodatone,two,andthree
hoursafterstorage.Bloodsampleswereanalyzedwithout
activation(<,native),withtissuefactor(TF)activation
(5,TF),andwithkaolinactivation(♦,kaolin).Valuesare
expressedasmean±standarddeviation.Asterisksindicate
resultswhichwerestatisticallysignificant(P=0.03,P=
0.79,andP<0.001fornative,TF,andkaolinmeasure-
ments,respectively.

TABLESummaryfindingsfrompreviousstudies

Study Sample n Samplestoragetime Activator Mainresults

Zambrunietal.7 Volunteers 10 30min-4hr Noactivators Stableconditionsofstoragebetween30min
     and2hr.Nosignificantchangesforrtime.
     Significantchangestowards
     hypercoagulabilityforremainingvariables.
Bowbricketal.8 Volunteers 8 30min-2hr Noactivators Nosignificantdifferencebetweenfresh 
     sampleandstorageafter30minatroom
     temperatureorat4oC,for150min.
Camenzindetal9 Surgicalpatients 30 1-72hr Celite Stableconditionsofstoragebetween1-8hr.
  patients   Apparenthypercoagulablestateincitratevs
  studied   noncitratedsample.
Mancusoetal.10 Patientswith 32 1-2hr Noactivators Nodifferencebetweenfreshandcitrate-
 liverfailure    storedsamples.
Vigetal.11 Volunteers 10 30-180min Celiteand Stableconditionsofstoragebetween
    tissuefactor 30-90minfornon-activatedsamples.Stable
     conditionsofstoragebetween10-90min
     forceliteactivatedsamples.
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In conclusion, our results demonstrate that TEG
measures performedon citrated blood samples yield
results that are consistent with a hypercoagulable
state. Using kaolin to activate citrated samples, on
the other hand, generates results which are similar
to those obtained from non citrated, fresh samples.
Future studies are warranted to determine whether
these findings can be replicated in healthy subjects
and,moreimportantly,inpatientswithcongenitalor
acquiredcoagulopathies.
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