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Background: Thrombelastograph® analysis (TEG®) is used to
evaluate blood coagulation. Ideally, whole blood is immediately
processed. If impossible, blood may be citrated and assessed
after recalcification. No data describe the effect of such treatment and storage on TEG® parameters.
Methods: Three studies were performed in 90 surgical
patients. In 30 patients, blood was citrated (1:10, 0.129 M) and
recalcified (20 l 2 M CaCl2 to 340 l citrated blood), and TEG®
was performed with native blood and after recalcification after
0, 15, and 30 min of citrate storage. In another 30 patients, TEG®
was performed with citrated blood recalcified immediately and
after 1–72 h storage. In a third study, thrombin–antithrombin
complex, prothrombin fragment 1ⴙ2, and ␤-thromboglobulin
were measured (using enzyme-linked immunoabsorbant assay
tests) at corresponding time points. Data were compared using

repeated-measures analysis of variance and post hoc paired t
tests.
Results: TEG® parameters were different in recalcified citrated blood compared with native blood (P < 0.05) and
changed significantly during 30-min (P < 0.025) and 72-h (P <
0.001) citrate storage. TEG® parameters measured between 1
and 8 h of citrate storage were stable. Thrombin–antithrombin
complex and prothrombin fragment 1ⴙ2 values were not elevated in native blood. After 30 min of citrate storage a gradual
thrombin activation was observed, as evidenced by increasing
thrombin–antithrombin complex and prothrombin fragment
1ⴙ2 values (P < 0.05). -Thromboglobulin level was increased
after 2 and 8 h of citrate storage (P < 0.01).
Conclusions: Analysis of native blood yields the most reliable
TEG® results. Should immediate TEG® processing not be possible, citrated blood may be used if recalcified after 1– 8 h. (Key
words: Anticoagulants; blood; coagulation physiology; coagulation tests; time effects.)

THE Thrombelastograph® analysis (TEG®) is being used
with increasing frequency to evaluate perioperative
blood coagulation during liver transplantation,1–3 in
trauma patients,4,5 in cardiac6,7 and noncardiac8 surgery,
in parturients with and without preeclampsia,9,10 and in
the evaluation of effects of plasma expanders11,12 and
other drugs13 on blood coagulation. TEG® provides information relatively quickly, within 20 to 30 min.4,14
Ideally, whole blood is rapidly processed and TEG® is
started immediately after collection.14 If transport and
handling time of native blood exceeds 6 min, however,
citration and recalcification before TEG® has been recommended.15
Data concerning effects of citrate storage on TEG® are
largely lacking. However, such knowledge is important
to distinguish true alteration in blood coagulation from
effects of citrate storage. Therefore, goals of this study
were to compare TEG® parameters of native blood with
those of citrated and immediately recalcified blood and
to describe the effect of citrate storage on TEG® parameters. In addition, coagulation and platelet activation
markers were assessed to explain potential changes in
TEG® parameters resulting from citration and citrate
storage.
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Materials and Methods

Study I
TEG® Analysis with Native Blood and Stored Citrated Blood Recalcified after 0, 15, and 30 min. In
30 patients, 6 ml blood was collected before anesthesia
induction by direct venipuncture and 18-gauge needle
into a polypropylene syringe. One milliliter of native
blood was filled into a tube containing 1% celite. One
minute later, two aliquots of 360 l celite-activated
blood were added to two TEG® cups. One cup was used
for TEG®, the other for determination of pH and ionized
calcium and hemoglobin concentrations (BGElectrolytes
and CO-Oximeter; Instrumentation Lab, Lexington, MA,
and Electrolyte 8 Analyzer; Nova Biomedica, Waltham,
MA). Another 4.5 ml blood was filled into a Vacutainer
Anesthesiology, V 92, No 5, May 2000

n
Age (yr)
BMI (kg/m2)
Hemoglobin (g/dl1)
Prothrombin time (%)
Platelet count (103 l1)
Creatinine (M)
Incidence of carcinoma

Study I

Study II

Study III

30
45 ⫾ 15
25.8 ⫾ 4.8
13.3 ⫾ 1.1
100 ⫾ 4
246 ⫾ 52
84 ⫾ 8
2/30

30
52 ⫾ 17
25.8 ⫾ 4.2
13.3 ⫾ 1.6
100 ⫾ 5
249 ⫾ 59
84 ⫾ 14
3/30

30
56 ⫾ 15*
26.6 ⫾ 5.0
14.1 ⫾ 1.6
101 ⫾ 6
210 ⫾ 71
93 ⫾ 10*†
2/30

Data are mean ⫾ SD.
* P ⬍ 0.05 compared with study I (after Bonferroni correction).
† P ⬍ 0.05 compared with study II (after Bonferroni correction).
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With approval of the ethics committee of the University Hospital Zurich, responsible for anesthesia research,
and written informed consent, 90 patients undergoing
elective surgery were enrolled in three consecutive studies
(30 patients in each). For all studies, the same exclusion
criteria were used: known coagulation disorders, preoperative anticoagulation, current treatment with heparin, use
of acetyl salicylic acid within the past 5 days, use of nonsteroidal antiinflammatory agents within the past 24 h,
known renal diseases, or plasma concentration of creatinine more than 120 M, and liver diseases or increased
plasma concentration of aspartate aminotransferase
(⬎ 50 U/l) or alanine aminotransferase (⬎ 50 U/l). Standard thrombosis prophylaxis with 3,000 IU low-molecular-weight heparin administered subcutaneously the
evening before surgery was allowed.
A computerized TEG® coagulation analyzer (CTEG
3000; Hemoscope, Morton Grove, IL) was used. The
following parameters of the TEG® trace were analyzed:
reaction time (normal value, 12.0 ⫾ 2.3 mm), the time
from the start of the recording until the amplitude
reaches 2 mm; coagulation time (normal value, 4.2 ⫾ 1.6
mm), the time from the end of the reaction time until the
amplitude achieves 20 mm; maximum amplitude (normal value, 63.5 ⫾ 4.5 mm) of the TEG® tracing, represents the absolute strength of the clot; and angle ␣
(normal value, 60.2 ⫾ 6.7°), the angle formed by the
slope of the TEG® tracing from the reaction time value to
the coagulation time value. Clot lysis was represented by
the percentage decrease in the area under the curve at
30 min (normal value ⬍ 7.5%) and at 60 min (normal
value ⬍ 15%) after maximum amplitude.16
A series of three consecutive studies was performed.

Table 1. Demographics in Three Patient Groups, including
Body Mass Index (BMI)

(Becton Dickinson, Basel, Switzerland), containing 0.5
ml trisodium citrate (0.129 M). One milliliter of citrated
blood was filled into tubes containing 1% celite, and two
aliquots of 340 l celite-activated citrated blood were
added to two TEG® cups containing 2 M CaCl2, 20 l,
immediately after mixing (T0) and 15 and 30 min later for
TEG® analysis and measurement of pH and ionized calcium and hemoglobin concentrations. Blood samples
were stored at room temperature.
Study II
TEG® Analysis with Recalcified Citrated Blood
during 72 h of Storage. After withdrawal of 15 ml
blood from another 30 patients, 13.5 ml (3 ⫻ 4.5 ml) was
mixed with 1.5 ml trisodium citrate (3 ⫻ 0.5 ml, 0.129
M) using three Vacutainers. TEG®, pH, and ionized calcium and hemoglobin concentrations were assessed in
analogous fashion to the first study. Citrated blood was
Table 2. pH, Ionized Calcium, and Hemoglobin Concentration
in Native Blood and in Recalcified Citrated Blood Immediately
after Mixing and after 15 min and 30 min (T30) of Storage
(Study I)

Native
T0
T15
T30
pT0–T30

Hb (g/dl)

pH

Ca2⫹ (mM)

13.9 ⫾ 1.5
12.0 ⫾ 1.2*
12.0 ⫾ 1.1*
12.0 ⫾ 1.2*
0.81

7.38 ⫾ 0.03
7.29 ⫾ 0.03*
7.31 ⫾ 0.04*†
7.34 ⫾ 0.05*†
0.01

1.17 ⫾ 0.04
2.59 ⫾ 0.22*
2.59 ⫾ 0.19*
2.53 ⫾ 0.18*
0.12

Data are mean ⫾ SD.
* P ⬍ 0.05 compared with Native.
† P ⬍ 0.05 compared with T0 (after Bonferroni correction).
Hb ⫽ hemoglobin concentration; Ca2⫹ ⫽ ionized calcium; Native ⫽ native
blood; T0 ⫽ immediately; T15 ⫽ 15 min; T30 ⫽ 30 min; pT0 –T30 ⫽ P value
of overall changes of repeated measures ANOVA during storage (T0 –T30).
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recalcified immediately and after 1, 2, 4, 8, 24, 48, and
72 h of storage, and then TEG® analysis (with 1% celite
activation) was performed. Blood samples were stored at
room temperature.

Study III
Prothrombin Fragment 1ⴙ2 Assay and
Thrombin–Antithrombin Complex Assay. To explain the results of study II, 16 ml blood was removed
from 30 additional patients. After withdrawal, 13.5 ml
(3 ⫻ 4.5 ml) was mixed with 1.5 ml trisodium citrate
(3 ⫻ 0.5 ml, 0.129 M) using three Vacutainers. Native
Anesthesiology, V 92, No 5, May 2000
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Fig. 1. Study I. Effect of 30 min of citrate
storage on TEG® parameters. Reaction
time (r) (A), coagulation time (k) (B), angle ␣ (ang ␣) (C), maximum amplitude
(MA) (D), clot lysis at 30 min (Ly30) (E)
and clot lysis at 60 min (Ly60) (F) in native blood (Native) and in recalcified citrated blood immediately (T0), 15 min,
and 30 min after mixing. *P < 0.05 compared with Native; P < 0.05 compared
with T0 (after Bonferroni correction). P
values indicated relate to overall significance of repeated-measures analysis of
variance during storage.

blood (0.9 ml) was mixed (9:1) with 0.1 ml of an anticoagulant cocktail (100 ml ethylene diamine tetraacetic
acid, 5% [EDTA], in 0.45% NaCl containing 240 mg
aminophyllin; 100,000 kallikrein inhibiting units [KIE]
aprotinin [Bayer (Schweiz) AG, Pharma, Zurich, Switzerland]; and 50 mg lepirudin [Hoechst Marion Roussel AG,
Zurich, Switzerland], at a pH of 5.3), put on ice and
centrifuged at 2,500 rpm and at 4°C for 30 min. Plasma
was separated and stored at ⫺70°C. The remainder of
native blood was used for measuring pH and ionized
calcium and hemoglobin concentrations. Citrated blood
was stored for a maximum period of 8 h at room temperature. Analogous to native blood, the anticoagulant
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Table 3. Hemoglobin Concentration, pH, and Ionized Calcium
Immediately after Mixing, after 1 h, 2 h, 4 h, 8 h, 24 h, 48 h,
and 72 h of Storage and Recalcification (Study II)
pH

Ca2⫹ (mM)

11.3 ⫾ 1.3
11.4 ⫾ 1.3
11.4 ⫾ 1.3
11.3 ⫾ 1.3
11.3 ⫾ 1.3
11.2 ⫾ 1.4†
11.3 ⫾ 1.4
11.4 ⫾ 1.4
0.02

7.25 ⫾ 0.03
7.27 ⫾ 0.03*
7.30 ⫾ 0.04*†
7.23 ⫾ 0.04*†
7.22 ⫾ 0.04*†
7.07 ⫾ 0.07*†
6.97 ⫾ 0.06*†
6.96 ⫾ 0.05*†
0.01

2.45 ⫾ 0.28
2.41 ⫾ 0.25
2.43 ⫾ 0.23
2.44 ⫾ 0.28
2.44 ⫾ 0.27
2.45 ⫾ 0.27
2.52 ⫾ 0.27
2.49 ⫾ 0.25
0.53

Data are mean ⫾ SD.
* P ⬍ 0.05 compared with T0 (after Bonferroni correction).
† P ⬍ 0.05 compared with T1 (after Bonferroni correction).
Hb ⫽ hemoglobin concentration; Ca2⫹ ⫽ ionized calcium; T0 ⫽ immediately;
T1 ⫽ 1 h; T2 ⫽ 2 h; T4 ⫽ 4 h; T8 ⫽ 8 h; T24 ⫽ 24 h; T48 ⫽ 48 h; T72 ⫽ 72 h;
pT0 –T72 denotes P value of overall changes of repeated measures ANOVA
during storage (T0 –T72).

cocktail was added immediately after mixing with citrate
and after 15 and 30 min, and 1, 2, 4, and 8 h of storage.
At activation of coagulation, prothrombin fragment
1⫹2 (F1⫹2) is formed as a result of the activation of
prothrombin. Thrombin exists in blood mainly as thrombin–antithrombin (TAT) complex. To evaluate coagulation activation, F1⫹2 and TAT concentrations were determined using enzyme-linked immunoabsorbent assay
technology (Enzygnost F1⫹2 Micro; Enzygnost TAT Test
Kit; Behring Diagnostics GmbH, Marburg, Germany). In
addition, to assess platelet activation during citrate storage, ␤-thromboglobulin was determined in citrated
blood that was stored for 0, 2, and 8 h, using enzymeTable 4. Comparison of TEG® Parameters in Recalcified
Citrated Blood Immediately after Mixing between Studies I
and II: Reaction Time, Coagulation Time, Maximum
Amplitude, Angle ␣, Coagulation Index, Lysis at 30 min, and
Lysis at 60 min

r 0 (mm)
k 0 (mm)
MA 0 (mm)
␣ 0 (°)
Ly30 0 (%)
Ly60 0 (%)

Study 1

Study 2

9.4 ⫾ 2.1
2.7 ⫾ 0.7
66.7 ⫾ 5.0
72.8 ⫾ 4.1
1.8 ⫾ 0.9
5.0 ⫾ 1.5

9.1 ⫾ 2.6
2.4 ⫾ 0.5
68.1 ⫾ 4.1
74.4 ⫾ 3.6
1.6 ⫾ 1.2
4.4 ⫾ 1.8

Data are mean ⫾ SD.
No statistically significant differences.
r 0 ⫽ reaction time; k 0 ⫽ coagulation time; MA 0 ⫽ maximum amplitude; ␣
0 ⫽ angle ␣; CI 0 ⫽ coagulation index; Ly30 0 ⫽ lysis at 30 min; Ly60 0 ⫽ lysis
at 60 min.
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Statistical Analysis
Data are presented as the mean ⫾ SD. TEG® parameters of native blood and immediately recalcified citrated
blood were compared using paired t tests (Statview 4.02;
Abacus Concepts, Berkley, CA). Changes during citrate
storage were analyzed by means of repeated-measures
analysis of variance with Greenhouse–Geisser correction
(Superanova 1.11; Abacus Concepts). If overall repeatedmeasures analysis of variance indicated a significant
change in TEG® parameters during citrate storage, data
were compared with T0 (and T1 in study II) using paired
t tests with Bonferroni correction. Because ␤-thromboglobulin data were not normally distributed, a nonparametric repeated-measures analysis of variance (Friedman
test) was used, and if the results were significant, Wilcoxon signed rank tests with Bonferroni correction were
performed to compare data with T0. Unpaired t tests
were used to compare patient characteristics among the
different studies and to compare TEG® parameters in
recalcified citrated blood between studies I and II. P ⬍
0.05 was considered statistically significant.

Results
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T0
T1
T2
T4
T8
T24
T48
T72
pT0–T72

Hb (g/dl)

linked immunoabsorbent assay technology (Asserachrom ␤-TG; Behring Diagnostics GmbH).

There were no differences among the three study
groups in patient characteristics such as body mass index, hemoglobin concentration, prothrombin time, and
platelet count. However, patients in study III were older
than those in study I, and their creatinine concentrations
were slightly higher than in patients enrolled in studies
I and II (table 1).

Study I
Hemoglobin concentration of recalcified citrated
blood was reduced because of citrate dilution and remained stable during 30 min of storage. pH was lower in
recalcified citrated blood compared with native blood
and recovered gradually during citrate storage. Ionized
calcium concentration was higher after mixing with citrate and recalcification and remained stable during storage (table 2).
Reaction time was higher and angle ␣ and maximum
amplitude were lower in immediately recalcified citrated
blood (at T0) compared with native blood; coagulation
time was unchanged (fig. 1). Clot lysis at 30 min was
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unchanged, but at 60 min was slightly lower in immediately recalcified citrated blood (at T0). During 30 min of
citrate storage, significant changes were observed in
reaction time, coagulation time, angle ␣, and maximum
amplitude. Clot lysis was unaffected.
Study II
Hemoglobin concentration changed minimally, pH decreased, and ionized calcium concentration was stable
during 72 h of citrate storage (table 3). There was no
significant difference in TEG® parameters in recalcified
citrated blood immediately after mixing between studies
I and II (table 4).
All TEG® parameters changed significantly during 72 h
Anesthesiology, V 92, No 5, May 2000
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Fig. 2. Study II. Effect of 72 h of citrate
storage on TEG® parameters: Reaction
time (r) (A), coagulation time (k) (B), angle ␣ (ang ␣) (C), maximum amplitude
(MA) (D), clot lysis at 30 min (Ly30) (E)
and clot lysis at 60 min (Ly60) (F) in native blood (native) and in recalcified citrated blood immediately after mixing
(T0) and after 1 (T1), 2 (T2), 4 (T4), 8 (T8),
24 (T24), 48 (T48), and 72 h (T72) of storage. *P < 0.05 compared with T0 (after Bonferroni correction); P < 0.05 compared
with T1 (after Bonferroni correction). P
values indicated relate to overall significance of repeated-measures analysis of
variance during storage (T0–T72).

of citrate storage (fig. 2). Reaction time decreased after
1 h and remained stable at this level until 48 h of citrate
storage and decreased at 72 h of storage. Coagulation
time was shorter between 2 and 8 h of citrate storage
compared with immediately recalified citrated blood and
was higher between 24 and 72 h of storage. Angle ␣
increased during the first hour of storage and remained
stable at this elevated level until 8 h. Angle ␣ decreased
at 24 h and was low between 48 and 72 h of citrate
storage. Maximum amplitude decreased during the first
hour of storage and remained stable at this level until 8 h.
Between 48 and 72 h, maximum amplitude was lower
compared with immediately recalified citrated blood.
Clot lysis at 30 min and 60 min was unaltered during the
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Table 5. Hemoglobin Concentration, pH, and Ionized Calcium
in Native Blood and in Citrated Blood Immediately after, 15
min, 30 min, 1 h, 2 h, 4 h, and 8 h (Study III)
pH

Ca2⫹ (mM)

14.4 ⫾ 1.6
13.1 ⫾ 1.5*
13.1 ⫾ 1.5*
13.1 ⫾ 1.5*
13.1 ⫾ 1.5*
13.1 ⫾ 1.5*
13.1 ⫾ 1.5*
13.1 ⫾ 1.5*
0.01

7.41 ⫾ 0.02
7.23 ⫾ 0.02*
7.25 ⫾ 0.04*†
7.24 ⫾ 0.05*
7.24 ⫾ 0.03*
7.25 ⫾ 0.04*†
7.20 ⫾ 0.04*†
7.16 ⫾ 0.04*†
0.01

1.15 ⫾ 0.04
0.04 ⫾ 0.01*
0.03 ⫾ 0.01*
0.03 ⫾ 0.01*
0.03 ⫾ 0.01*
0.03 ⫾ 0.01*
0.03 ⫾ 0.01*
0.03 ⫾ 0.01*
0.01

Data are mean ⫾ SD.
* P ⬍ 0.05 compared with Native.
† P ⬍ 0.05 compared with T0 (after Bonferroni correction).
Hb ⫽ hemoglobin concentration; Ca2⫹ ⫽ ionized calcium; Native ⫽ native
blood; T0 ⫽ immediately; T15 ⫽ 15 min; T30 ⫽ 30 min; T1 ⫽ 1 h; T2 ⫽ 2 h;
T4 ⫽ 4 h; T8 ⫽ 8 h; pT0 –T8 denotes P value of overall changes of repeated
measures ANOVA during storage (T0 –T8).

first 8 h of storage and decreased between 24 and 72 h
of citrate storage (fig. 2).
Study III
Hemoglobin and ionized calcium concentrations decreased because of citrate administration and remained
at this decreased level during 8 h of storage. Also, pH
decreased because of citrate administration and decreased further between 4 and 8 h of storage (table 5).
Both TAT and F1⫹2 levels were unaffected by citrate
administration. However, TAT and F1⫹2 levels increased during citrate storage. After 1 h of storage, the
TAT level was higher compared with native blood and
citrated blood without storage. Already at 30 min, F1⫹2
level was higher than before storage. Between 1 and 8 h,
TAT and F1⫹2 levels were higher than in native blood or
citrated blood without storage. Also, ␤-thromboglobulin
level increased during citrate storage (fig. 3).
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Native
T0
T15
T30
T1
T2
T4
T8
p (T0–T8)

Hb (g/dl)

Discussion
We demonstrated that TEG® blood coagulation parameters in recalcified citrated blood differ from those in
native blood and change significantly during 30 – 60 min
of storage but remain stable between 1 and 8 h. After
24 h, coagulation parameters were largely different from
those measured after 1 h of storage. Changes in TEG®
blood coagulation parameters during storage may, in
Anesthesiology, V 92, No 5, May 2000

Fig. 3. Study III. Thrombin–antithrombin (TAT) complex (A),
prothrombin fragment 1ⴙ2 (F1ⴙ2) (B), and ␤-thromboglobulin
(C) concentrations in native blood (native) and in citrated blood
immediately after mixing (T0) and after 15 min (T15), 30 min
(T30), 1 h (T1), 2 h (T2), 4 h (T4), and 8 h (T8) of storage. *P < 0.05
compared with Native, P < 0.05 compared with T0 (after
Bonferroni correction). P values indicated relate to overall significance of repeated-measures analysis of variance during storage (T0–T8).
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globulin during citrate storage may have decreased ability to adequately contribute to blood coagulation during
subsequent TEG® measurement. This may result in a
reduced clot strength, with a compromised maximum
amplitude.
Elevated calcium concentrations were reached after
recalcification (tables 2 and 3). Coagulation testing in
citrated blood is routinely performed at elevated calcium
concentrations to avoid residual citrate effects. Also,
thrombin generation is nonlinearly affected by calcium
concentration. At very low calcium concentrations
thrombin generation is reduced; as calcium concentration increases, thrombin generation increases and soon
reaches a plateau.23 Compromised blood coagulation
because of elevated calcium concentration is therefore
relatively unlikely. Formal studies may clarify this issue
for TEG® in the future.
The finding that citration could not prevent completely the activation of coagulation and platelets is remarkable. Although sodium citrate has been shown to be
an adequate anticoagulant for measuring coagulation activation markers for clinical purposes,22 it is not sufficient to completely suppress thrombin generation in
vitro. It has been shown that minimal amounts of activation markers, as generated by the venipuncture itself,
may be still detectable in citrated plasma.24 Therefore,
we determined TAT, F1⫹2, and ␤-thromboglobulin levels after citrate storage only after irreversibly blocking
the coagulation with different anticoagulants.
Whereas most clinical assays that include activated partial prothromin time, prothrombin time, and thrombin
time are insensitive to minor thrombin generation during
citrate storage,24,25 this study shows that TEG® analysis may be sensitive to procoagulant alterations.
In conclusion, TEG® analysis in native blood yields the
most reliable results, provided the TEG® is processed
within 6 min of sampling. If this is impossible, citrated
blood may be collected and TEG® measurements performed after recalcification. To achieve reproducible results, citrated blood should be stored at least 1 h and a
maximum of 8 h.
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part, be explained by activation of coagulation and platelets in citrated blood.
Ideally, blood coagulation is evaluated by TEG® immediately (⬍ 6 min) after sampling.14,16 Alternatively, collection of citrated blood is recommended with recalcification for TEG® assessment.15 Interestingly, no
systematic studies are available about the effect of citrate
recalcification and citrate storage on TEG® parameters.
For all situations in which immediate TEG® determination is not practically feasible, for example, in operating
rooms, intensive care units, and emergency rooms without 24-h availability of a TEG® analyzer; for various
research purposes in which multiple TEG® analyses
must be performed simultaneously; or for out-of-hospital
research, clear operating procedures are important to
distinguish between true alterations in blood coagulation and artifacts introduced by inconsistent TEG® methodology. Such artifacts may mislead blood coagulation
assessment in the direction of hypo- or hypercoagulability, although the difference to the true blood coagulation
status may not be diagnostic by itself.
Immediate recalcification of citrated blood results in a
mild form of hypocoagulability, as evidenced by an increase in reaction time a decrease in angle ␣, and a
reduced maximum amplitude (fig. 1). The lower maximum amplitude may, in part, be explained by an altered
platelet reactivity, as described previously by Bar et al.17
The prolongation of TEG® parameters mainly influenced
by coagulation factor activity, such as reaction time,
coagulation time, and angle ␣, however, is more difficult
to explain. As shown in a previous study,18 an increased
reaction time can be caused by increased thrombin generation. However, we did not observe any thrombin
generation in the immediately recalcified citrated blood
(fig. 3).
A progressive acceleration of blood coagulation occurred during 30 min (study I, fig. 1) to 60 min (study II,
fig. 2) citrate storage, with decreases in reaction time
and coagulation time and an increase in angle ␣. This
may be explained by an activation of the coagulation
cascade, as shown by thrombin generation evidenced by
increasing levels of F1⫹2 and TAT after 30 – 60 min
citrate storage (fig. 3). This is conceptually substantiated
by the finding that the TEG® parameters affected most
are those reflecting coagulation factor activity.
Maximum amplitude decreased during citrate storage
between 30 (study I, fig. 1) and 60 min (study II, fig. 2).
This may be related to platelet activation, as evidenced
by increased levels of ␤-thromboglobulin (fig. 3).19 –22 Platelets having released significant quantities of ␤-thrombo-

References
1. Frenette L, Cox J, McArdle P, Eckhoff D, Bynon S: Conjugated
estrogen reduces transfusion and coagulation factor requirements in
orthotopic liver transplantation. Anesth Analg 1998; 86:1183– 6
2. Kettner SC, Gonano C, Seebach F, Sitzwohl C, Acimovic S, Stark
J, Schellongowski A, Blaicher A, Felfernig M, Zimpfer M: Endogenous
heparin-like substances significantly impair coagulation in patients un-

1249
CITRATE STORAGE AFFECTS THROMBELASTOGRAPH ANALYSIS

Anesthesiology, V 92, No 5, May 2000

14. Mallett SV, Cox DJ: Thrombelastography. Br J Anaesth 1992;
69:307–13
15. Chandler WL: The thromboelastography and the thromboelastograph technique. Semin Thromb Hemost 1995; 21(suppl 4):1– 6
16. Egli GA, Zollinger A, Seifert B, Popovic D, Pasch T, Spahn DR:
Effect of progressive haemodilution with hydroxyethyl starch, gelatin
and albumin on blood coagulation. Br J Anaesth 1997; 78:684 –9
17. Bar J, Schoenfeld A, Hod M, Rabinerson D, Marmur A, Brooks GJ,
Aviram M: The effects of time interval after venipuncture and of
anticoagulation on platelet adhesion and aggregation. Clin Lab Haematol 1996; 18:281– 4
18. Caprini JA, Eckenhoff JB, Ramstack JM, Zuckerman L, Mockros
LF: Contact activation of heparinized plasma. Thromb Res 1974;
5:379 – 400
19. Blann AD, Lip GY, Islim IF, Beevers DG: Evidence of platelet
activation in hypertension. J Hum Hypertens 1997; 11:607–9
20. Cenni E, Granchi D, Verri E, Cavedagna D, Gamberini S, Falsone
G, Pizzoferrato A: CD62, thromboxane B2, and beta-thromboglobulin:
a comparison between different markers of platelet activation after
contact with biomaterials. J Biomed Mater Res 1997; 36:289 –94
21. Lip GY, Lip PL, Zarifis J, Watson RD, Bareford D, Lowe GD,
Beevers DG: Fibrin D-dimer and beta-thromboglobulin as markers of
thrombogenesis and platelet activation in atrial fibrillation. Effects of
introducing ultra-low-dose warfarin and aspirin. Circulation 1996; 94:
425–31
22. Leroy-Matheron C, Gouault-Heilmann M: Influence of conditions
of blood sampling on coagulation activation markers (prothrombin
fragment 1 ⫹ 2, thrombin-antithrombin complexes and D-dimers)
measurements. Thromb Res 1994; 74:399 – 407
23. Ataullakhanov FI, Pohilko AV, Sinauridze EI, Volkova RI: Calcium threshold in human plasma clotting kinetics. Thromb Res 1994;
75:383–94
24. Papp AC, Hatzakis H, Bracey A, Wu KK: ARIC hemostasis study:
I. Development of a blood collection and processing system suitable
for multicenter hemostatic studies. Thromb Haemost 1989; 61:15–9
25. Adcock D, Kressin D, Marlar RA: The effect of time and temperature variables on routine coagulation tests. Blood Coagul Fibrinolysis
1998; 9:463–70

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/92/5/1242/400181/0000542-200005000-00011.pdf by guest on 02 December 2021

dergoing orthotopic liver transplantation. Anesth Analg 1998;
86:691–5
3. Kang Y: Thromboelastography in liver transplantation. Semin
Thromb Hemost 1995; 21(suppl 4):34 – 44
4. Kaufmann CR, Dwyer KM, Crews JD, Dols SJ, Trask AL: Usefulness of thrombelastography in assessment of trauma patient coagulation. J Trauma 1997; 42:716 –20
5. Watts DD, Trask A, Soeken K, Perdue P, Dols S, Kaufmann C:
Hypothermic coagulopathy in trauma: Effect of varying levels of hypothermia on enzyme speed, platelet function, and fibrinolytic activity.
J Trauma 1998; 44:846 –54
6. Shore-Lesserson L, Manspeizer HE, DePerio M, Francis S, Vela
Cantos F, Ergin MA: Thromboelastography-guided transfusion algorithm reduces transfusions in complex cardiac surgery. Anesth Analg
1999; 88:312–9
7. Miller BE, Tosone SR, Tam VK, Kanter KR, Guzzetta NA, Bailey
JM, Levy JH: Hematologic and economic impact of aprotinin in reoperative pediatric cardiac operations. Ann Thorac Surg 1998; 66:535– 40
8. Pivalizza EG, Pivalizza PJ, Weavind LM: Perioperative thromboelastography and sonoclot analysis in morbidly obese patients. Can
J Anaesth 1997; 44:942–5
9. Sharma SK, Philip J, Wiley J: Thromboelastographic changes in
healthy parturients and postpartum women. Anesth Analg 1997; 85:
94 – 8
10. Sharma SK, Philip J, Whitten CW, Padakandla UB, Landers DF:
Assessment of changes in coagulation in parturients with preeclampsia
using thromboelastography. ANESTHESIOLOGY 1999; 90:385–90
11. Ruttmann TG, James MFM, Aronson I: In vivo investigation into
the effects of haemodilution with hydroxyethyl starch (200/0.5) and
normal saline on coagulation. Br J Anaesth 1998; 80:612– 6
12. Jamnicki M, Zollinger A, Seifert B, Popovic D, Pasch T, Spahn
DR: Compromised blood coagulation: An in vitro comparison of hydroxyethyl starch 130/0.4 and hydroxyethyl starch 200/0.5 using
thrombelastography. Anesth Analg 1998; 87:989 –93
13. Khurana S, Mattson JC, Westley S, O’Neill WW, Timmis GC,
Safian RD: Monitoring platelet glycoprotein IIb/IIIa-fibrin interaction
with tissue factor-activated thromboelastography. J Lab Clin Med 1997;
130:401–11

