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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฀
been฀used฀ to฀monitor฀ coagulation1฀ and฀ to฀
guide฀ management฀ of฀ blood฀ transfusion฀
in฀ liver฀ transplantation,2฀ cardiac฀ surgery,3฀

trauma,4฀ and฀ postpartum฀ hemorrhage.5,6฀ The฀ theo-
retical฀advantage฀of฀TEG,฀over฀the฀standard฀monitors฀
of฀ coagulation฀ (including:฀ prothrombin฀ time;฀ acti-
vated,฀ partial฀ thromboplastin฀ time;฀ fibrinogen฀ level;฀
and฀ platelet฀ count),฀ is฀ that฀ TEG฀ uses฀ whole฀ blood฀
to฀provide฀information฀on฀the฀entire฀clotting฀process฀
(including:฀initiation฀and฀speed฀of฀clot฀formation;฀clot฀
strength;฀and฀fibrinolysis).
Thromboelastography฀ analysis฀ can฀ be฀ performed฀

on฀non฀citrated฀or฀ citrated฀blood.฀The฀ advantage฀of฀
non฀citrated฀blood฀is฀the฀avoidance฀of฀contact฀activa-
tion฀related฀to฀sample฀storage.฀The฀disadvantage฀is฀the฀
necessity฀ to฀perform฀ the฀analysis฀within฀ five฀minutes฀
of฀sampling,฀a฀task฀that฀is฀not฀always฀feasible.฀The฀lat-
ter฀ issue฀ is฀ resolved฀when฀blood฀ is฀ stored฀ in฀citrated฀
tubes,฀which฀allows฀ for฀delayed฀TEG฀analysis.฀There฀
is฀some฀concern,฀however,฀that฀TEG฀results฀obtained฀
from฀ citrated฀ blood฀ samples฀ may฀ yield฀ results฀ dif-
ferent฀ from฀ those฀ obtained฀ from฀ fresh,฀ non฀ citrated฀
blood฀samples.7–10฀Another฀concern฀is฀that฀the฀storage฀
time฀ of฀ citrated฀ blood฀ samples฀ may฀ influence฀ TEG฀
measures.7–9,11฀Consequently,฀ to฀ compare฀ the฀ results฀
of฀ TEG฀ analysis,฀ performed฀ on฀ non฀ citrated฀ blood,฀
analyzed฀ within฀ five฀minutes฀ of฀ collection,฀ with฀ the฀
values฀of฀citrated฀blood,฀stored,฀with฀and฀without฀use฀
of฀ activators,฀ for฀one฀ to฀ three฀hours,฀we฀ carried฀out฀
this฀observational฀study฀on฀healthy฀volunteers.฀

Methods
After฀we฀obtained฀institutional฀Research฀Ethics฀Board฀
approval฀ for฀ this฀ study,฀ we฀ recruited฀ ten,฀ healthy฀
volunteers฀ from฀ amongst฀ coworkers฀ employed฀ at฀
our฀ Institution฀ (Department฀of฀Anesthesia).฀All฀ par-
ticipants฀ gave฀ written,฀ informed฀ consent฀ for฀ their฀
participation.฀Inclusion฀criteria฀called฀for฀participants฀
of฀either฀gender,฀who฀were฀in฀good฀health฀and฀not฀on฀
any฀medications฀that฀could฀potentially฀affect฀coagula-
tion.฀Exclusion฀criteria฀involved฀potential฀participants฀
with฀the฀presence฀of฀any฀systemic฀disease,฀or฀who฀used฀
medications฀ (including฀herbal฀medications฀ and฀over-
the-counter฀drugs)฀that฀might฀affect฀coagulation.
Thromboelastography฀ measurements฀ (Figure฀ 1)฀

were฀ performed฀ using฀ two฀ TEG฀ 5000฀ analyzers®฀
(Haemoscope,฀ Niles,฀ IL,฀ USA).฀ The฀ applied฀ meth-
odology฀ was฀ as฀ recommended฀ by฀ the฀manufacturer.฀
All฀ blood฀ samples฀ were฀ taken฀ from฀ a฀ 20G฀ catheter฀
(Angiocath,฀ Becton฀ Dickinson,฀ Sandy,฀ UT,฀ USA)฀
inserted฀ into฀ the฀ antecubital฀ vein฀ under฀ minimal฀
venous฀stasis.฀Thirty฀seconds฀after฀releasing฀the฀tour-
niquet,฀5฀mL฀of฀blood฀was฀collected฀and฀discarded.฀An฀
additional฀15฀mL฀of฀blood฀was฀collected฀into฀a฀20-mL฀
syringe฀with฀gentle฀suction.฀Parts฀of฀the฀blood฀sample฀
were฀then฀transferred฀into฀three฀1.8฀mL,฀3.2%฀sodium฀
citrate,฀blue-top฀vacutainers฀(Becton฀Dickinson).฀The฀
tubes฀were฀stored฀undisturbed,฀at฀room฀temperature,฀
for฀up฀to฀three฀hours.฀The฀remaining฀blood฀was฀used฀
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฀
-activated฀samples.฀1)฀For฀the฀non฀activated฀analysis,฀
360฀µL฀of฀blood฀was฀transferred฀into฀the฀sampling฀cup฀
and฀processed.฀2)฀For฀kaolin฀activated฀analysis,฀1฀mL฀
of฀ blood฀was฀ first฀ transferred฀ into฀ a฀ standard฀ kaolin฀
cup฀ and฀ then฀mixed฀by฀ three฀gentle฀ inversions.฀The฀
blood฀(360฀µL)฀was฀next฀transferred฀to฀the฀sampling฀
cup฀ and฀ processed.฀ 3)฀ For฀ tissue฀ factor฀ (TF)฀ acti-
vated฀ analysis,฀ 10฀ µL฀ of฀ diluted฀TF฀ (Dade฀Behring,฀
Marburg,฀Germany)฀was฀ first฀ added฀ to฀ the฀ sampling฀
cup.฀TF฀dilution฀was฀as฀follows:฀10฀mL฀of฀distillated฀
water฀was฀added฀to฀the฀TF฀powder;฀ then฀100฀µL฀of฀
the฀ solution฀was฀diluted฀once฀more฀with฀9.9฀mL฀of฀
distillated฀ water.฀ Blood฀ (350฀ µL)฀ was฀ added฀ to฀ the฀
cup฀and฀processed.฀
Citrated฀samples฀were฀similarly฀analyzed฀after฀one,฀

two,฀ and฀ three฀ hours฀ of฀ storage,฀with฀ the฀ following฀
modifications.฀ For฀ recalcification,฀ 20฀ µL฀ of฀ calcium฀
chloride฀was฀ added฀ to฀ the฀ TEG฀ sampling฀ cups.฀ For฀
the฀ non฀ activated฀ and฀ kaolin฀ activated฀ analysis,฀ 340฀
µL฀of฀blood฀was฀added฀to฀the฀sampling฀cup฀and฀gently฀
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mixed฀with฀calcium฀chloride฀using฀a฀micropipette.฀For฀
the฀ TF฀ activated฀ analysis,฀ 330฀ µL฀ of฀ citrated฀ blood฀
was฀added฀to฀the฀sampling฀cup฀and฀gently฀mixed.฀At฀
each฀ time฀point,฀ a฀ separate฀ citrated฀ sample฀was฀used฀
for฀analysis.฀

Statistical฀analysis
SAS™฀ version฀ 8.2฀ (SAS฀ Institute,฀ Inc.,฀ Cary,฀ NC,฀
USA)฀was฀used฀for฀statistical฀analyses.฀For฀each฀activa-
tor฀type,฀TEG฀measurement฀differences฀were฀analyzed฀
by฀repeated฀measures฀ANOVA฀using฀a฀general฀mixed฀
model฀ approach฀ (with฀ PROC฀ MIXED).฀ Time฀ was฀
considered฀ as฀ nominal฀ variable,฀ with฀ time฀ =฀ 0฀ cor-
responding฀to฀fresh฀blood฀measurements.฀A฀series฀of฀
Bonferroni฀adjusted฀(to฀control฀for฀false฀positive฀find-
ings)฀pair฀wise฀comparisons฀were฀performed฀to฀study฀
the฀effect฀of฀time฀on฀test฀scores.฀

Results
We฀screened฀ten฀potential฀participants฀and฀all฀of฀them฀
met฀the฀inclusion฀criteria,฀agreed฀to฀participate฀in฀the฀
study,฀and฀gave฀informed฀consent.฀Eight฀male฀and฀two฀
female฀subjects฀were฀enrolled.฀Their฀ages฀ranged฀from฀
26฀to฀40฀yr฀(median฀34฀yr).
Thromboelastography฀values฀obtained฀ 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฀
maximum฀amplitude฀(MA)฀values,฀respectively].
Citrated,฀non฀activated฀samples฀tested฀at฀one,฀two,฀

and฀three฀hours฀of฀storage฀had฀a฀shorter฀r฀time฀and฀k฀
time,฀as฀well฀as฀a฀greater฀alpha฀angle฀and฀MA,฀com-

pared฀with฀fresh,฀non฀citrated฀samples฀(P฀=฀0.008,฀P฀
<฀ 0.0001,฀P฀ <฀ 0.0001,฀ and฀P฀ =฀ 0.03,฀ respectively).฀
Results฀ of฀ TEG฀ analysis฀ of฀ citrated,฀ non฀ activated฀
samples฀tested฀at฀one,฀two,฀and฀three฀hours฀of฀storage฀
were฀similar.฀
Citrated,฀TF฀activated฀samples,฀tested฀at฀one,฀two,฀

and฀ three฀hours฀of฀ storage,฀ compared฀with฀ fresh฀TF฀
activated฀ samples,฀ had฀ a฀ shorter฀ r฀ time฀ and฀ k฀ time,฀
as฀well฀as฀a฀higher฀alpha฀angle,฀compared฀with฀fresh,฀
non฀citrated฀samples฀(P฀=฀0.03,฀P฀<฀0.0001,฀and฀P฀<฀
0.0001,฀respectively).฀The฀MA฀values฀of฀citrated฀and฀
fresh,฀non฀citrated,฀TF฀activated฀samples฀were฀not฀sig-
nificantly฀different฀(P฀=฀0.79).฀Results฀of฀TEG฀analysis฀
of฀citrated,฀TF฀activated฀samples,฀tested฀at฀one,฀two,฀
and฀three฀hours฀of฀storage,฀were฀similar.฀
Citrated,฀ kaolin฀ activated฀ samples,฀ tested฀ at฀ one,฀

two,฀and฀three฀hours฀of฀storage,฀yielded฀similar฀r฀time฀
and฀ alpha฀ angle฀ compared฀ with฀ fresh,฀ non฀ citrated฀
samples฀ (P฀ =฀ 0.35,฀ and฀P฀ =฀ 0.08,฀ respectively).฀On฀
the฀other฀hand,฀citrated,฀kaolin฀activated฀samples฀had฀
longer฀k฀time฀and฀lower฀MA฀than฀non฀citrated,฀fresh฀
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FIGURE฀1฀฀Normal฀thromboelastogram฀(TEG)฀showing฀
the฀derivation฀of฀r฀time,฀k฀time,฀alpha฀angle,฀and฀maximum฀
amplitude฀(MA).

FIGURE฀2฀฀Thromboelastogram฀results฀of฀r฀time฀(time฀=฀
0)฀and฀citrated฀blood฀at฀one,฀two,฀and฀three฀hours฀after฀
storage.฀Blood฀samples฀were฀analyzed฀without฀activation฀
(<,฀native),฀with฀tissue฀factor฀(TF)฀activation฀(5,฀TF),฀and฀
with฀kaolin฀activation฀(♦,฀kaolin).฀Values฀are฀expressed฀as฀
mean฀±฀standard฀deviation.฀Asterisks฀indicate฀results฀which฀
were฀statistically฀significant฀(P฀=฀0.008,฀P฀=฀0.03,฀and฀P฀=฀
0.35฀for฀native,฀TF,฀and฀kaolin฀measurements,฀respectively).฀
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samples฀ (P฀ =฀ 0.03฀ and฀P฀ <฀ 0.001).฀Results฀ of฀TEG฀
analysis฀of฀citrated,฀kaolin฀activated฀samples,฀tested฀at฀
one,฀two,฀and฀three฀hours฀of฀storage,฀were฀not฀signifi-
cantly฀different.฀

Discussion฀
In฀this฀study,฀we฀compared฀the฀results฀of฀TEG฀analy-
ses,฀using฀fresh,฀non฀citrated฀blood฀samples,฀with฀the฀
results฀ of฀ citrated฀ samples฀ stored฀ for฀ one,฀ two,฀ and฀
three฀hours.฀We฀found฀that฀the฀duration฀of฀storage฀of฀
citrated฀blood฀had฀no฀discernable฀effect฀on฀non฀acti-
vated฀or฀activated฀(with฀TF฀or฀kaolin)฀TEG฀analyses.฀
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฀
hypercoagulable฀state.฀These฀changes฀were฀most฀strik-
ing฀ in฀ the฀non฀activated฀ samples,฀but฀ they฀were฀also฀
present฀in฀TF฀activated฀samples.฀

Several฀ previous฀ studies฀have฀ 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,฀
examined฀different฀study฀populations฀and฀applied฀dif-
ferent฀methodologies,฀yielding฀somewhat฀inconsistent฀
results฀ (Table).฀ Collectively,฀ these฀ studies฀ show฀ that฀
citrated฀ samples฀ are฀ unstable฀ for฀ the฀ first฀ 30฀min฀ of฀
storage,฀ but฀ are฀ stable,฀ thereafter,฀ for฀ up฀ to฀ eight฀
hours.9฀In฀most฀studies,฀a฀hypercoagulable฀trend฀has฀
been฀observed฀with฀stored฀citrated฀samples,฀compared฀
with฀non฀citrated,฀ fresh฀ samples.฀Among฀ these,฀only฀
one฀ study฀ investigated฀ severely฀ ill฀ patients.10฀ In฀ this฀
study,฀no฀differences฀were฀observed฀when฀comparing฀
fresh฀and฀citrate-stored฀blood฀samples.
Our฀ study฀ adds฀ new฀ information฀ to฀ the฀ existing฀

data,฀by฀showing฀that฀the฀hypercoagulable฀trend,฀with฀
citrated฀samples,฀is฀present฀when฀no฀activator฀is฀used,฀
or฀when฀TF,฀but฀not฀kaolin,฀ is฀added฀to฀activate฀the฀
sample.฀

FIGURE฀3฀฀Thromboelastogram฀results฀of฀k฀time฀(time฀=฀
0)฀and฀citrated฀blood฀at฀one,฀two,฀and฀three฀hours฀after฀
storage.฀Blood฀samples฀were฀analyzed฀without฀activation฀
(<,฀native),฀with฀tissue฀factor฀(TF)฀activation฀(5,฀TF),฀
and฀with฀kaolin฀activation฀(♦,฀kaolin).฀Values฀are฀expressed฀
as฀mean฀±-฀standard฀deviation.฀Asterisks฀indicate฀results,฀
which฀were฀statistically฀significant฀(P฀<฀0.0001,฀P฀<฀0.0001,฀
and฀P฀=฀0.03฀for฀native,฀TF,฀and฀kaolin฀measurements,฀
respectively).

FIGURE฀4฀฀Thromboelastogram฀results฀of฀alpha฀angle฀
(time฀=฀0)฀and฀citrated฀blood฀at฀one,฀two,฀and฀three฀hours฀
after฀storage.฀Blood฀samples฀were฀analyzed฀without฀activa-
tion฀(<,฀native),฀with฀tissue฀factor฀(TF)฀activation฀(5,฀TF),฀
and฀with฀kaolin฀activation฀(♦,฀kaolin).฀Values฀are฀expressed฀
as฀mean฀±฀standard฀deviation.฀Asterisks฀indicate฀results฀
which฀were฀statistically฀significant฀(P฀<฀0.0001,฀P฀<฀0.0001,฀
and฀P฀=฀0.08฀for฀native,฀tissue฀factor฀(TF),฀and฀kaolin฀mea-
surements,฀respectively).
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There฀ are฀ several฀ possible฀ explanations฀ for฀ the฀
apparent฀“hypercoagulable฀state”฀of฀citrated฀samples.฀
Camenzind฀ et฀ al.9฀ postulated฀ that฀ citrate฀ may฀ be฀
responsible฀ for฀ incomplete฀ inhibition฀ of฀ thrombin฀
formation.฀ Additionally,฀ Bowbrick฀ et฀ al.8฀ were฀ able฀
to฀prolong฀stability฀of฀citrate-stored฀samples฀by฀cool-
ing฀ them฀ to฀4oC,฀hence฀ inhibiting฀ platelet฀ function.฀
Another฀explanation฀is฀the฀possibility฀that฀transferring฀
a฀blood฀sample฀from฀the฀syringe฀to฀the฀TEG฀cup฀may฀
result฀in฀contact฀activation.11
The฀ reason฀ that฀ a฀ hypercoagulable฀ tendency฀ was฀

not฀ observed฀ in฀ kaolin฀ activated฀ samples฀ is฀ unclear.฀
Nevertheless,฀ these฀ findings฀ suggest฀ that฀ TEG฀mea-
sures฀on฀citrated฀blood฀samples฀should฀be฀performed฀
with฀kaolin,฀rather฀than฀with฀TF฀activation.฀
Our฀study฀has฀several฀limitations.฀Firstly,฀the฀study฀

cohort฀consisted฀of฀ten,฀healthy฀volunteers.฀Based฀on฀
previous฀studies฀of฀TEG฀on฀volunteers,฀7,8,11฀we฀antici-
pated฀ that฀ this฀ sample฀ size฀ would฀ provide฀ a฀ precise฀
estimate฀ of฀ the฀ distribution฀ of฀ TEG฀ measures.฀ The฀
sample฀size,฀however,฀was฀too฀small฀to฀allow฀us฀to฀ana-
lyze฀gender฀effects฀on฀TEG฀measurements.฀Sorensen฀
et฀ al.12฀ have฀ shown฀ that฀ gender฀may฀ influence฀TEG฀
measures.฀Secondly,฀because฀we฀recruited฀healthy฀vol-
unteers,฀our฀findings฀may฀not฀be฀applicable฀to฀patients฀
with฀congenital฀or฀acquired฀coagulation฀defects,฀where฀
TEG฀measure฀distributions฀are฀likely฀to฀be฀more฀vari-
able฀and฀abnormal.11฀Finally,฀we฀did฀not฀perform฀TEG฀
analyses฀with฀citrated฀samples฀during฀the฀first฀hour฀of฀
storage฀ and,฀ consequently,฀ we฀ cannot฀ comment฀ on฀
sample฀stability฀during฀this฀time.฀Previous฀studies฀have฀
found฀ that฀ citrated฀ samples฀ produce฀ unstable฀ results฀
during฀the฀first฀30฀min฀of฀storage.9,11

FIGURE฀5฀฀Thromboelastogram฀results฀of฀maximum฀ampli-
tude฀(time฀=฀0)฀and฀citrated฀blood฀at฀one,฀two,฀and฀three฀
hours฀after฀storage.฀Blood฀samples฀were฀analyzed฀without฀
activation฀(<,฀native),฀with฀tissue฀factor฀(TF)฀activation฀
(5,฀TF),฀and฀with฀kaolin฀activation฀(♦,฀kaolin).฀Values฀are฀
expressed฀as฀mean฀±฀standard฀deviation.฀Asterisks฀indicate฀
results฀which฀were฀statistically฀significant฀(P฀=฀0.03,฀P฀=฀
0.79,฀and฀P฀<฀0.001฀for฀native,฀TF,฀and฀kaolin฀measure-
ments,฀respectively.

TABLE฀฀Summary฀findings฀from฀previous฀studies

Study฀ Sample฀ n฀ Sample฀storage฀time฀ Activator฀ Main฀results

Zambruni฀et฀al.7฀ Volunteers฀ 10฀ 30฀min-4฀hr฀ No฀activators฀ Stable฀conditions฀of฀storage฀between฀30฀min฀฀
฀ ฀ ฀ ฀ ฀ and฀2฀hr.฀No฀significant฀changes฀for฀r฀time.฀฀
฀ ฀ ฀ ฀ ฀ Significant฀changes฀towards฀฀
฀ ฀ ฀ ฀ ฀ hypercoagulability฀for฀remaining฀variables.
Bowbrick฀et฀al.8฀ Volunteers฀ 8฀ 30฀min-2฀hr฀ No฀activators฀ No฀significant฀difference฀between฀fresh฀฀ ฀
฀ ฀ ฀ ฀ ฀ sample฀and฀storage฀after฀30฀min฀at฀room฀฀
฀ ฀ ฀ ฀ ฀ temperature฀or฀at฀4oC,฀for฀150฀min.
Camenzind฀et฀al฀9฀ Surgical฀patients฀฀ 30฀฀ 1-72฀hr฀ Celite฀ Stable฀conditions฀of฀storage฀between฀1-8hr.฀฀
฀ ฀ patients฀฀ ฀ ฀ Apparent฀hypercoagulable฀state฀in฀citrate฀vs฀฀
฀ ฀ studied฀฀ ฀ ฀ non฀citrated฀sample.
Mancuso฀et฀al.10฀ Patients฀with฀฀ 32฀ 1-2฀hr฀ No฀activators฀ No฀difference฀between฀fresh฀and฀citrate-฀
฀ liver฀failure฀ ฀ ฀ ฀ stored฀samples.
Vig฀et฀al.11฀ Volunteers฀฀ 10฀ 30-180฀min฀ Celite฀and฀฀ Stable฀conditions฀of฀storage฀between฀฀
฀ ฀ ฀ ฀ tissue฀factor฀ 30-90฀min฀for฀non-activated฀samples.฀Stable฀฀
฀ ฀ ฀ ฀ ฀ conditions฀of฀storage฀between฀10-90฀min฀฀
฀ ฀ ฀ ฀ ฀ for฀celite฀activated฀samples.฀



Wasowicz฀et฀al.:฀THROMBOELASTOGRAPHY฀AND฀CITRATED฀BLOOD฀ 289

CAN฀J฀ANESTH฀55:฀5฀฀฀฀www.cja-jca.org฀฀฀฀May,฀2008

In฀ conclusion,฀ our฀ results฀ demonstrate฀ that฀ TEG฀
measures฀ performed฀on฀ 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,฀more฀importantly,฀in฀patients฀with฀congenital฀or฀
acquired฀coagulopathies.฀
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