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Abstract

Objective: To evaluate and compare hemostatic effects of tranexamic acid vs. aprotinin vs. placebo in off-pump coronary artery bypass
(OPCAB) surgery and, in addition, to assess the safety of fibrinolytic inhibitors therapies. Methods: In a prospective, randomized, double-blind
study finally 91 patients undergoing OPCAB were investigated (group A, nZ32, tranexamic acid 1 g before skin incision and continuously
200 mg/h; group B, nZ29, aprotinin 1,000,000 IU before skin incision and 250,000 IU/h; group C, nZ30, placebo). Results: Highly significant
inter-group differences were found in cumulative blood loss within 4 h (geometric means [95% confidence intervals]—group A: 89.3 [72.7, 109.8]
mL, group B: 72.3 [49.2, 106.3] mL and group C: 192.3 [151.8, 243.5] mL) (P!0.001), within 8 h (group A: 152.1 [120.7, 191.6] mL, group
B: 130.3 [88.1, 192.8] mL and group C: 283.8 [226.0, 356.3] mL) (PZ0.001), and within 24 h postoperatively (group A: 410.3 [337.6, 498.6] mL,
group B: 345.8 [256.0, 398.2] mL and group C: 619.8 [524.3, 732.8] mL) (P!0.001). At all time points, placebo group C was significantly distinct
from the groups treated with fibrinolytic inhibitors (groups A and B). However, no differences between groups A and B were found. Both mean
hemoglobin and hematocrit values 24 h postoperatively were different between the groups (PZ0.018 and PZ0.077, respectively), acheiving the
lowest value in group C. Number of re-transfuzed patients was highest in group C, but without statistical significance (either packed red blood
cells, PZ0.119 or fresh-frozen plasma, PZ0.118). We observed one postoperative myocardial infarction in aprotinin treated group B and one
temporary postoperative myocardial ischemia in placebo group C, no cerebrovascular or pulmonary embolism was noticed. Treated groups A and
B did not demonstrate postoperative increase in mean levels of myocardial enzymes, compared with group C. Significantly higher mean values of
D-dimer were found in group C 24 h postoperatively (P!0.001). Conclusions: Both tranexamic acid and aprotinin seem to be similarly effective
in the reduction of postoperative blood loss in OPCAB. Tranexamic acid appears to be cost-effective and safe alternative to aprotinin.
Q 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The favourable effect of fibrinolytic inhibitors (aprotinin,
tranexamic acid, aminocaproic acid) on the decrease in
perioperative bleeding in on-pump coronary surgery has
been confirmed in a large number of controlled trials [1–4].
In many centers these pharmacological strategies are used
on a routine basis [5,6]. However, only few studies have
been concerned with the use of antifibrinolytic drugs in off-
pump coronary artery bypass (OPCAB) surgery [7–10],
although perioperative hemorrhagic complications and the
consequent need for allogenic transfusions are still one of
the major problems in this type of surgery [11–13].
1010-7940/$ - see front matter Q 2005 Elsevier B.V. All rights reserved.
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The aim of this prospective, randomized, double-blind,
placebo-controlled study was to evaluate and compare
hemostatic effects of tranexamic acid and aprotinin in
OPCAB surgery. In addition, the risk of perioperative
myocardial ischemia was assessed.
2. Material and methods

After obtaining the Medical Faculty Ethics Committe
approval (EK/243/2003, October 1, 2003) and the informed
consent from all participants, from October 15, 2003 to
July 31, 2004, 100 patients scheduled for OPCAB were
enrolled in the study. The criteria for non-enrollment to
the study were as follows: previous cardiac surgery,
myocardial infarction !7 days prior to surgery, history of
hematological or liver disordes, renal insufficiency (serum
creatinineO150 mmol/L) and preoperative anemia (hemo-
globin!11 g/L, hematocrit!32). Preoperative treatment
European Journal of Cardio-thoracic Surgery 28 (2005) 563–568
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with antiaggregative/anticoagulant drugs (aspirin with-
drawal !5 days before surgery, low-molecular heparin
withdrawal !24 h before surgery, continuous heparin
infusion) was not a contraindication to the inclusion into
the study, but the number of medicated patients was
carefully monitored. Nobody from the study subjects was
preoperatively under the influence of potent antiplatelet
agents, such as ADP inhibitors and GP IIb/IIIa antagonists.

According to our predetermined exclusion criteria nine
enrollees were withdrawn from the study: six of them for a
conversion on cardiopulmonary bypass in the course of
surgery (presence of small intramuscular arteries and heavy
calcification, hemodynamic instability), three of them for
the need of postoperative re-exploration for hemorrage
with the finding of an evident surgical source of bleeding
(once the perforation of venous bypass by the edge of chest
tube, twice bleeding from the branch of internal thoracic
artery, which was used as a conduit). Finally, 91 patients
were assessed in the study.
2.1. Pharmacological protocol

After the enrollment into the study, the patients were
randomized by an independent pharmacologist of the study
into three groups (A–C), the envelope method with random
numbers was used. The independent pharmacologist pre-
pared coded infusions with the study drug/placebo and was
not directly involved in the clinical treatment of randomized
patients. Both the operation theater staff and that of the
intensive care unit were blinded regarding the study drug.
The patients from group A (nZ32) were given tranexamic
acid (Exacyl, Sanofi Winthrop, France) 1 g before skin
incision and a continuous infusion of 200 mg/h during the
whole surgical procedure. The patients from group B (nZ29)
were given aprotinin (Gordox, Gedeon Richter, Hungary) 1
million IU before skin incision and onward 250,000 IU/h.
The patients from group C (nZ30) were infused normal
saline as a placebo. The basic characteristics of the patient
groups are shown in Table 1.
Table 1
Basic demographic, preoperative hematological, and intraoperative characteristics

Group A (nZ32)
tranexamic acid

Age (years) Arithm. 68.4 (64.6,72.2)

Gender (male/female) (no. of pts, percentage) 16 (50.0%)/16
Weight (kg) Arithm. 80.4 (74.9,86.0)
Additive EuroSCORE Arithm. 4.28 (3.16,5.40)
Logistic EuroSCORE Geom. 3.33 (2.40,4.63)

Hematocrit Geom. 42.00 (40.87,43.
Hemoglobin (g/dL) Geom. 14.24 (13.81,14.
Platelet count (109/L) Geom. 238.8 (218.5,260
Fibrinogen (g/L) Geom. 3.975 (3.667,4.3
aPTT (sec.) Geom. 36.39 (30.81,42.
INR Geom. 1.030 (1.007,1.0

Preoperative aspirin (no. of pts, percentage) Yes/no 13 (40.6%)/19
Preoperative LMWH (no. of pts, percentage) Yes/no 2 (6.3%)/30
Preoperative UFH (no. of pts, percentage) Yes/no 12 (37.5%)/20

Operating time (min) Geom. 141.7 (129.8,154
Number of grafts Arithm. 1.88 (1.59,2.16)

Data are presented as arithmetic means (arithm.) or geometric means (geom.) and
weight heparin; UFH, unfractioned heparin).
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2.2. Anaesthesiological and surgical protocols

Remifentanil-based ultra-fast-track anaesthesia (with the
application of propofol, midazolam, atracurium and inhaled
isoflurane) was performed in all patients. This type of general
anaesthesia, without the use of an epidural catheter, is a
standard method for OPCAB surgery in our center [14–16].

During the procedure and postoperatively the patients
were administered crystalloid solutions and 5% albumin
solution if necessary, synthetic colloidal solutions were
strictly not used. A red blood cell transfusion was adminis-
tered when hemoglobin decreased to less than 8.5 g/dL
and/or hematocrit less than 26. A transfusion of fresh frozen
plasma was instituted (to correct a suspected deficiency
of coagulation factors) when chest drain bleeding increased to
O150 mL/h or to O100 mL/h for two consecutive hours.

The patients were operated on from full midline sternot-
omy, the left internal mammary artery was harvested in all
cases with possible harvest of other grafts (great saphenous
vein and /or radial artery). The verticalization of the beating
heart was achieved using an Axius Xpose Device (Guidant,
Cupertino, CA) while an Ultima Vacuum Assist (Guidant,
Cupertino, CA) was used for the stabilization of the anasto-
mosis site. The initial dose of intravenous heparin 100 IU/kg
was administered after harvesting the left internal mammary
artery with target activated clotting time (ACT)—Celite-
activated system—(Hemochron 401, International Technidyne
Corporation, Edison, NJ) over 250 s. On the completion of
anastomoses, heparinization was partially reversed with half-
dose of protamine chloride, regardless of ACT value.

A surgical postoperative re-exploration was based on our
standard criterion: chest drainage 300 mL/h for two
consecutive hours, or 200 mL/h for 3 h, or signs of cardiac
tamponade verified by echocardiography.
2.3. Laboratory analyses

Blood samples for evaluation of hematological parameters
(hemoglobin, hematocrit, platelet count, prothrombin time,
Group B (nZ29)
aprotinin

Group C (nZ30)
placebo

P-value

67.3 (64.2,70.4) 68.9 (65.8,72.0) 0.783

20 (69.0%)/9 22 (73.3%)/8 0.144
80.9 (77.1,84.7) 82.6 (77.7,87.5) 0.794
3.66 (2.76,4.55) 3.73 (2.85,4.62) 0.599
2.77 (2.04,3.75) 2.59 (1.97,3.40) 0.458

15) 43.24 (41.66,44.87) 42.79 (41.43, 44.20) 0.413
68) 14.81 (14.21,15.43) 14.58 (14.11,15.08) 0.261
.9) 224.1 (200.8,250.1) 230.9 (208.3,256.0) 0.656
08) 3.938 (3.608,4.299) 4.309 (3.853,4.819) 0.323
98) 36.36 (33.11,39.94) 35.90 (33.89,38.02) 0.983
54) 1.045 (1.019,1.071) 1.053 (1.029,1.077) 0.408

11 (37.9%)/18 10 (33.3%)/20 0.836
4 (13.8%)/25 7 (23.3%)/23 0.157
11 (37.9%)/18 16 (53.3%)/14 0.367

.7) 139.6 (127.5,152.8) 152.1 (137.7,168.1) 0.370
1.76 (1.50,2.02) 1.87 (1.61,2.12) 0.789

95% confidence intervals, unless otherwise specified (LMWH, low molecular
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activated partial thromboplastin time, and fibrinogen) were
taken and processed by a routine way. Myocardial enzymes
were assessed before the operation, and 8 and 24 h post-
operatively. Creatine phosphokinase (CK) and isoenzyme MB
(CK-MB) levels were determined by a dry chemistry method
with the Vitros 950 analyzer (Ortho-Clinical Diagnostic and
Johnson & Johnson, Raritan, NJ). Troponin I levels were
analyzed by a chemiluminiscence method with Immulite
Turbo analyzer (DPC, Los Angeles, CA), using specific
antibodies Turbo Troponin I (DPC, Los Angeles, CA).
D-dimer levels were assessed by a micro-latex imunoassay
procedure for a quantitative measurement of D-dimer on the
Stago Compact analyzer (Diagnostica Stago, Parsippany, NJ)
using Liatest Stachrom D-D antibodies (Diagnostica Stago,
Parsippany, NJ).
2.4. Statistical analysis

Statistical analysis was done by statistical software Stata,
release 7.0 (Stata Corporation, College Station, TX) and
SPSS, version 12.0.1 (SPSS, Inc., Chicago, IL). The location of
the continuous variables was characterized by arithmetic or
geometric means (for normally or log-normally distributed
data, respectively) and their variability was shown by 95%
confidence intervals. Categorical data were described using
absolute and relative frequencies (expressed as percen-
tages).

The statistical evaluation was based on various models of
the analysis of variance. If a statistically significant result
was obtained, Sidak’s and Dunnett’s post hoc tests were
used to locate the differences between the groups. For
categorical data, c2 test and Fisher’s exact test were
applied. The comparison of postoperative blood loss
between the groups was adjusted with respect to the
preoperative treatment with antiaggregative/anticoagulant
drugs. Troponin I values were analyzed using a specific form
of the analysis of variance suitable for left censored data. All
statistical tests were evaluated at significance level of 0.05.
Fig. 1. Intraoperative (a) and postoperative cumulative blood loss in 4 h (b),
8 h (c) and 24 h (d). Inter-group differences (a, NS; b, P!0.001; c, PZ0.001;
d, P!0.001).
3. Results

From 100 patients enrolled to the study, one patient (with
emergent re-exploration for massive bleeding with the
peroperative findig of perforation of venous bypass) died
on postoperative day 10 from multiorgan failure and sepsis.
Except for three patients, who underwent a postoperative
surgical revision with the finding of an apparent surgical
source of bleeding, no other patient required re-exploration
in the ensuing course. Altogether nine enrollees (six patients
converted to on-pump surgeryD3 patients with surgical
cause of hemorrhage) were withdrawn from the study, so the
following data concern 91 assessed patients. Median
intensive care unit length of stay was similar for all regimens
(PZ0.691): 23 (minLmax 6–84) h (group A), 22 (15–72) h
(group B) and 24 (3.5–69) h (group C), respectively. The
median length of in-department stay was 6 days for all
groups (group A: minLmax 3–11, group B: 3–10, group C:
3–41). Two patients with the longest hospitalization (12 and
41 days) originated from group C, but the in-patient
ejcts.ctsnetjournals.orgDownloaded from 
difference between groups was not significant (PZ0.824).
In group A, the tranexamic acid total cost was estimated at
EUR 2.0 per patient, vs. the aprotinin total cost in group B
estimated at EUR 82.5 per patient, on average, calculated
from the Czech Republic market prices.

Groups A–C showed comparable demographic, preopera-
tive hematological and basic intraoperative characteristics,
with the exception of male/female ratio. In group A, an
equal numbers of male and female patients were enrolled, in
contrast to groups B and C with the majority of male study
subjects. However, this inequality did not reach a statistical
significance (PZ0.144).

The number of patients under the influence of aspirine
was almost the same in all groups (PZ0.836). However, a
slightly (but non-significantly) higher percentage of patients
in group C had a low-molecular heparin withdrawal !24 h
before surgery (PZ0.157) and a preoperative continuous
unfractioned heparin infusion (PZ0.367), in comparison
with groups A and B. Neverthless, additional covariates were
entered into the statistical model to control a potential
confounding effect of antiaggregative/anticoagulant drugs
on the inter-group comparison of postoperative bleedning.
3.1. Intraoperative and postoperative blood loss

No statistically significant differences were found
between the groups in the intraoperative blood loss
(geometric means [95% confidence intervals]—group
A: 267.2 [215.8, 330.8] mL, group B: 241.9 [198.4, 294.8]
mL and group C: 319.3 [256.0, 398.2] mL) (PZ0.134).

Blood loss during the first 4 h postoperatively shows highly
significant differences between the groups (Fig. 1) (geo-
metric means [95% confidence intervals]—group A: 89.3
[72.7, 109.8] mL, group B: 72.3 [49.2, 106.3] mL and group C:
192.3 [151.8, 243.5] mL) (P!0.001). Significant inter-group
differences were also found in a cumulative blood loss within
the first 8 h (group A: 152.1 [120.7, 191.6] mL, group B: 130.3
[88.1, 192.8] mL and group C: 283.8 [226.0, 356.3] mL) (PZ
0.001) and within the first 24 h postoperatively (group A:
410.3 [337.6, 498.6] mL, group B: 345.8 [256.0, 398.2] mL
and group C: 619.8 [524.3, 732.8] mL) (P!0.001), respect-
ively. There were no differences between the treated groups
A and B at any time, but placebo group C marks off both
 by Zbynek Straka on January 7, 2008 
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Table 2
Hematological parameters 24 h postoperatively and the number of re-transfused patients

Group A (nZ32)
tranexamic acid

Group B (nZ29)
aprotinin

Group C (nZ30)
placebo

P-value

Hematocrit Geom. 33.12 (31.47,34.85) 35.00 (33.34,36.73) 32.00 (29.94,34.21) 0.077

Hemoglobin (g/dL) Geom. 11.17 (10.56,11.82) 11.85 (11.30,12.42) 10.70 (10.24,11.18) 0.018
Platelet count (109/L) Geom. 199.2 (177.9,223.0) 190.0 (169.3,213.3) 184.8 (163.1,209.5) 0.645
Fibrinogen (g/L) Geom. 4.430 (4.102,4.784) 4.724 (4.424,5.044) 4.593 (4.208,5.013) 0.489
aPTT (sec.) Geom. 35.61 (32.73,38.75) 34.36 (32.49,36.35) 37.60 (34.43,41.06) 0.266
INR Geom. 1.278 (1.229,1.329) 1.270 (1.228,1.314) 1.314 (1.261,1.369) 0.412

PRBC received (no. of pts, percentage) Yes/no 3 (9.4%)/29 1 (3.4%)/28 6 (20.0%)/24 0.119
FFP received (no. of pts, percentage) Yes/no 2 (6.3%)/30 0 (0.0%)/29 4 (13.3%)/26 0.118

Data are presented as geometric means (geom.) and 95% confidence intervals, except for the number of re-transfused patients (PRBC, packed red blood cells; FFP,
resh-frozen plasma).
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groups A and B. The power of ANOVA test was higher than
0.95 at all postoperative time points.
3.2. Hematological parameters and transfusion
requirements

Hematological parameters 24 h postoperatively are pre-
sented in Table 2. Both mean hematocrit and hemoglobin
values are the lowest in placebo group C and the highest in
aprotinin group B. Based on the analysis of variance, means in
groups A–C were statistically different as a whole for
hemoglobin (PZ0.018). For hematocrit, borderline differ-
ences were found (PZ0.077). A subsequent pairwise
comparison revealed significant differences between groups
B and C in both parameters. Groups A and B, as well as C and A
were statistically indistinguishable. Inter-group differences
in other hematological parameters (platelet counts, fibrino-
gen levels, aPTT and INR) were statistically non-significant.

There were no intraoperative transfusion requirements.
The percentage of patients receiving allogenic blood
products in the postoperative period (either packed red
blood cells or fresh-frozen plasma) was not significantly
different between the groups (PZ0.119 and PZ0.118,
Table 3
Time course of myocardial enzymes and D-dimer levels

Group A (nZ32)
tranexamic acid

G
a

CK mkat/L

Preoperatively Geom. 0.94 (0.77,1.16)
At 8 h Geom. 5.62 (4.73,6.68)
At 24 h Geom. 10.77 (8.67,13.37) 1

CK-MB mkat/L
Preoperatively Geom. 0.114 (0.083,0.157) 0
At 8 h Geom. 0.051 (0.033,0.079) 0
At 24 h Geom. 0.254 (0.183,0.354) 0

CK-MB/CK
Preoperatively Geom. 0.121 (0.093,0.157) 0
At 8 h Geom. 0.009 (0.006,0.013) 0
At 24 h Geom. 0.024 (0.019,0.030) 0

Troponin I mg/L
Preoperatively Geom. 0.240 (0.128,0.450) 0
At 8 h Geom. 0.841 (0.513,1.376) 0
At 24 h Geom. 0.631 (0.344,1.155) 0

D-dimers ng/mL
Preoperatively Geom. 387.5 (263.7,469.4) 2
At 24 h Geom. 627.8 (494.2,797.5) 8

Data are presented as geometric means (geom.) and 95% confidence intervals (CK, cre
CK-MB/CK).
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respectively). In both cases, the total number of re-
transfused patients was the highest in placebo group C.
3.3. Postoperative myocardial ischemia, myocardial
enzymes, and levels of D-dimer

Electrocardiographical signs of myocardial ischemia in
the very early postoperative period was detected in two
patients (patient J.Z. from aprotinin group B and patient
M.K. from placebo group C). Patient J.Z. underwent a single
coronary artery bypass grafting (a free graft of left internal
thoracic artery was used as a conduit to the circumference
of extremely sclerotic left anterior descending coronary
artery). Patient M.K. underwent double bypass technically
without any complications. In both hemodynamic stable
patients, urgent echocardiographical examinations showed
no new myocardial wall motion hypokinesis and the situation
was solved in a conservative manner by coronary dilatating
therapy. In both cases, after a few hours of treatment the
electrocardiographical signs of myocardial ischemia disap-
peared and the ensuing course of the patients was without
complications, although patient J.Z. showed postoperative
peak troponin I value 27.8 mg/L. No signs of low cardiac
roup B (nZ29)
protinin

Group C (nZ30)
placebo

P-value

1.07 (0.83,1.38) 1.17 (0.93,1.48) 0.394
5.57 (4.48,6.92) 5.30 (4.46,6.30) 0.888
0.93 (8.89,13.44) 9.85 (7.58,12.80) 0.779

.121 (0.090,0.162) 0.106 (0.077,0.147) 0.838

.053 (0.033,0.084) 0.052 (0.032,0.084) 0.996

.256 (0.167,0.393) 0.245 (0.165,0.365) 0.985

.113 (0.082,0.156) 0.091 (0.063,0.130) 0.375

.009 (0.006,0.014) 0.010 (0.007,0.015) 0.966

.023 (0.017,0.032) 0.025 (0.019,0.032) 0.937

.166 (0.071,0.388) 0.159 (0.068,0.388) 0.391

.380 (0.214,0.674) 1.084 (0.671,1.753) 0.015

.604 (0.321,1.138) 0.961 (0.535,1.726) 0.490

83.1 (193.5,414.3) 473.8 (332.8,674.7) 0.147
71.8 (690.8,1100.3) 1537.4 (1106.6,2136.0) !0.001

atin phosphokinase; CK-MB, isoenzyme MB; CK-MB/CK, ratio [relative index] of
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Fig. 2. Time course of troponin I levels. Data are presented as geometric
means, error bars indicate 95% confidence intervals. Significant inter-group
differences at 8 h postoperatively were found (*PZ0.015).
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output syndrome were observed in the postoperative period
of all the assesed patients, and so no Swan-Ganz catheter
utilization was required.

The time course of creatine phosphokinase (CK) levels,
isoenzyme MB (CK-MB) levels and the ratio (relative index) of
CK-MB/CK are shown in Table 3. No statistically significant
inter-group differences were found at any time (before the
operation, 8 h, and 24 h postoperatively). Fig. 2 presents the
development of troponin I levels. Troponin I levels differed
between the three groups 8 h postoperatively (PZ0.015).
The geometric mean of troponin I level was the highest in
placebo group C; post hoc tests showed first of all a
statistically significant difference between groups B and C
(P!0.001), and then a less noticeable difference between
groups A and B (PZ0.047).

Table 3 also demonstrates the time course of D-dimer
levels (preoperatively, at 24 h postoperatively). The pre-
operative mean levels of D-dimer were comparable in all the
study groups (PZ0.147). The increase in D-dimer levels 24 h
postoperatively was the highest and statistically significant
in placebo group C compared with those of the other groups
(P!0.001), which were statistically indistinguishable.
4. Discussion

Drugs that preserve hemostasis through plasmin inhibition
include synthetic lysine analogues, such as tranexamic acid
and the most potent, naturally occuring antifibrinolytic
agent aprotinin, which is called ‘a broad-spectrum anti-
fibrionolysin’ due to its antiinflammatory and endothelial
modulating properties.The efficacy of these pharmacologi-
cal strategies on the decrease in the frequency of surgical re-
exploration and the need of allogenic blood transfusion in
on-pump cardiac surgery has been proved many times;
according to meta-analysis of Levi et al. treatment with
aprotinin in this type of surgery decreased mortality
almost 2-folds [17]. Only a limited number of studies have
been concerned with the use of antifibrinolytics in OPCAB
surgery, and have demonstrated its effectiveness, although
the surgical aggression in OPCAB may be as important as
(or even more important than) the use of cardiopulmonary
ejcts.ctsnetjournals.orgDownloaded from 
bypass in terms of coagulation–fibrinolytic pathway acti-
vation [18]. An increase in fibrinolytic activity in OPCAB is
supposedly due to the release of a tissue plasminogen
activator, which starts during the skin incision and
sternotomy and continues through the surgical tissue
manipulation. To the best of our knowledge, this is currently
the first prospective, randomized, double-blind study
comparing tranexamic acid vs. aprotinin vs. placebo in
OPCAB surgery. In our study we have proved that both
tranexamic acid and aprotinin are likewise effective in
reducing postoperative bleeding in OPCAB patients in
comparison with placebo. This finding is in agreement with
separate considerations for tranexamic acid [7,9,10] and
aprotinin [8] in OPCAB surgery, as well. Our data does not
show a significant difference in blood loss between
tranexamic acid group A and aprotinin group B. According
to published data in on-pump coronary surgery, blood loss at
24 h in the tranexamic acid treated patients was altogether
higher in comparison with the aprotinin treated patients
(PZ0.03), but with the similar perioperative transfusion
requirements [19]. In our study we have demonstrated that
the mean values of hemoglobin at 24 h postoperatively were
significantly lowest in placebo group C and that the
borderline differences have been found in mean hematocrit
values. We have not found any statistically significant
differences in transfusion requirements (percentage of
patients who received packed red blood cells or fresh-frozen
plasma), but the total number of re-transfused patients was
the highest in placebo group C. The lack of statistical
significance is probably due to the small number of re-
transfused patients on the whole.

The question of safety associated with the use of
antifibrinolytic drugs has been discussed in on-pump cardiac
surgery, as well [17,20]. There is a theoretical risk of an
increased thrombotic tendency during the treatment with
fibrinolytic inhibitors, and several earlier sporadic reports on
coronary graft occlusion in patiens receiving these therapies
have been published [21,22]. These observations have not
been supported by any results of large clinical studies [17,23,
24]. In our study we observed only one postoperative
myocardial infarction in aprotinin treated group B and one
temporary postoperative myocardial ischemia in placebo
group C, and no cerebrovascular or pulmonary embolism was
noticed. There were no inter-group differences in the mean
levels of myocardial enzymes observed, with the exception of
the highest troponin I level 8 h postoperatively in placebo
group C. Our experience thus indicates that the use of
fibrinolytic inhibitors seems to be safe in OPCAB surgery, as
well, but a larger number of safety trials is required for a
better assessment of possible thrombotic complications [25].

Looking into the coagulation–fibrinolytic pathway acti-
vation, we found significantly higher mean values of D-dimer
in placebo group C at 24 h postoperatively, compared with
groups A and B, treated with antifibrinolytic drugs. The post
OPCAB finding of elevated values of D-dimer and the
inhibition of D-dimer levels by fibrinolitic inhibitors is in
agreement with Casati et al. [7] and Englberger et al. [8].

Based on the results of our prospective, randomized,
double-blind TAP study we conclude that both tranexamic
acid and aprotinin significantly reduce the postoperative
blood loss in OPCAB patients, and the efficacy of tranexamic
 by Zbynek Straka on January 7, 2008 
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acid and aprotinin, respectively, seems to be quite similar.
We did not observe any statistically significant difference in
the need for allogenic transfusion, although the total
number of re-transfused patients was the highest in placebo
group. Tranexamic acid appears to be a potent, cost-
effective and safe alternative to aprotinin in OPCAB surgery.
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Simplified Risk Stratification System for Open Heart
Surgery
To the Editor:

We refer to the commentary by Edwards on the article by
Berman and colleagues [1].

Our original scoring system had two goals: (1) to compare
results of one institution with another to correct for case mix
severity, and (2) to predict the chance of death in any individual.
Then the late 1980s operative mortality rates for routine open
heart surgery were high, but today rarely exceed 1%. Competi-
tion for area-wide recognition has abated, and the need for fairly
precise risk stratification has decreased.

Doctor Edwards was critical of our simplified method
because handheld personal digital assistants (PDAs) can be
used more easily than paper and pencil. When we conceived
this method, PDAs were not ubiquitous, but now that would
be our approach.

Even simpler, just the number of risk factors in the individual
patient correlated well with the outcome (unpublished data—see Fig
1). These data were derived from 16,246 coronary bypass procedures
in New Jersey in 1996–1997 versus the same patient cohort with
risk-adjusted rates as calculated by the New Jersey Department of
Health and Senior Services (dark bars) used at that time.

We agree with the authors that the simplicity of our method
has much to offer, because it requires so little data entry,
especially when it is used for bedside use. It is comforting to find
that others agree.

Victor Parsonnet, MD

Division of Surgical Research
Newark Beth Israel Medical Center
201 Lyons Ave
Newark, NJ 07112
e-mail: vpacel@earthlink.net
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1. Berman M, Stamler A, Sahar G, et al. Validation of the 2000
Bernstein–Parsonnet score versus the EuroSCORE as a prog-
nostic tool in cardiac surgery. Ann Thorac Surg
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Aprotinin Reduces Troponin I Levels in OPCABG
To the Editor:

We congratulate Poston and colleagues [1] on their interesting
article dispelling a little of the concerns or fears of an increase in
graft failure in off-pump coronary artery bypass grafting (OP-
CABG) when aprotinin is used to reduce blood loss. Last year we
published the results of a prospective, randomized, double-
blind study comparing hemostatic effects of tranexamic acid
versus aprotinin versus placebo in OPCABG [2]. In addition, and
for safety evaluation reasons, the time course of myocardial
enzymes in the very early postoperative period was assessed.
We found no statistically significant intergroup differences at
any time (preoperatively, 8 hours, and 24 hours postoperatively)
within the time course of creatine phosphokinase (CK) levels,
isoenzyme MB (CK-MB) levels and the relative index of CK-MB
and CK, but troponin I levels differed between our study groups
8 hours postoperatively (p � 0.015) (Table 1).

Post hoc tests showed above all the most significant difference
between the aprotinin treated group and the placebo group (p �
0.001) due to the lowest mean values of troponin I in the
aprotinin group. Twenty-four hours postoperatively the mean
levels of troponin I remained lowest in the aprotinin treated
group and highest in the placebo group, but these differences
were already without statistical significance. We assume that our
findings concerning the time course of troponin I levels support
the conclusions of Poston and colleagues [1] that aprotinin
shows not only hemostatic, but also antithrombotic (and prob-

Fig 1. Observed mortality rates (clear bars) for 16,246 isolated aortocoronary-bypass procedures performed during 1996 and 1997 at 13 New
Jersey hospitals, with 95% binomial confidence limits superimposed. Included for comparison are risk-adjusted mortality-rate estimates (dark
bars) for the same procedures as calculated from a 9-factor logistic-regression model published by the New Jersey Department of Health and
Senior Services (NJDOHSS).
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ably vein graft endothelium preservation) mechanism during
OPCABG.

Tomas Vanek, MD, PhD
Martin Jares, MD
Zbynek Straka, MD, PhD
on behalf of the MSM0021620817 Study Group

Department of Cardiac Surgery
3rd Medical School of Charles University
Srobarova 50
100 34 Prague 10, Czech Republic
e-mail: vanek@fnkv.cz
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Reply
To the Editor:

As suggested by Vanek and colleagues [1], a growing body of
evidence supports the safety of aprotinin use during OPCAB.
Their own report [2], published while our off-pump coronary
artery bypass (OPCAB) trial in The Annals of Thoracic Surgery was
in press [3], highlights two points that are becoming increasingly
clear about aprotinin. First, aprotinin provides a hemostatic

benefit that exceeds the lysine analogues, likely due to the ability
to preserve platelet function in addition to blocking fibrinolysis.
Second, aprotinin does not create a hypercoagulable tendency.
The clinical safety of aprotinin use during high risk groups such
as OPCAB, vascular [4], and orthopedic surgery [5], and its
ability to modulate the thrombin receptor, protease-activated
receptor-1 (PAR-1) [6], provide strong evidence to the contrary.
In fact, it is these patients who are at greatest risk for perioper-
ative hypercoagulability and the propensity to generate throm-
bin in which the impact of PAR-1 inhibition by aprotinin may be
most relevant.

In their letter, Vanek and colleagues [1] raise the intriguing
notion that a significant reduction in troponin I release after
aprotinin use in both of our trials may represent a clinical
antithrombic effect during OPCAB. Randomized trials done in
on-pump coronary artery bypass grafting patients have shown
no difference in troponin I or other myocardial injury markers
after aprotinin administration [7]. During cold, cardioplegic
arrest, troponin I release is confounded by variations in the
quality of myocardial preservation and does not solely reflect
intracoronary thrombosis. On the other hand, brief, regional
warm ischemia incurred during OPCAB activates inflammatory
and thrombotic pathways that have been shown to be influenced
by aprotinin in several animal models [8–10]. We recently
reanalyzed the subset of our cohort that had coronary sinus
samples obtained to define the impact of aprotinin on these
pathways by comparing the difference in the transcardiac re-
lease (ie, coronary sinus—aortic levels) of markers of cardiac
inflammation and injury. In addition to a significant reduction in
the gradient of the thrombin formation marker F1.2 (already
reported), the aprotinin group showed trends toward a reduc-
tion in the release of a number of these markers immediately
after OPCAB (see Table 1). These data suggest the mechanism
for the reduction in troponin I in both of our OPCAB studies
may be related to the ability of aprotinin to help protect the
myocardium against brief warm ischemia. This benefit may
prove valuable in the growing population of OPCAB referrals
with limited myocardial reserve.

Robert Poston, MD
Ozeki Toshinaga, PhD

Division of Cardiac Surgery
University of Maryland School of Medicine
N4W94 22 S. Greene St
Baltimore, MD 21201
e-mail: rposton@smail.umaryland.edu
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Table 1. Transcardiac (Coronary Sinus-Aorta) Release of
Inflammatory Markers in Off-Pump Coronary Artery Bypass

Aprotinin Group
(n � 6)

Placebo Group
(n � 7) p Value

Myoglobin (ug/g
protein)

3.78 34.3 0.110

sICAM (ng/g
protein)

0.33 3.08 0.149

sVCAM (ng/g
protein)

0.10 1.29 0.028

IL-6 (ng/g
protein)

2.58 8.23 0.116

IL-8 (ng/g
protein)

2.63 7.05 0.368

TNF� (ng/g
protein)

8.76 14.7 0.558

IL � interleukin; sICAM � soluble intercellular adhesion molecule;
sVCAM � soluble vascular cell adhesion molecule; TNF � tumor
necrosis factor.

Table 1. Time Course of Troponin I Levels (�g/L) in Off-Pump Coronary Artery Bypass Graftinga

Tranexamic Acid
Treated Group (n � 32)

Aprotinin Treated
Group (n � 29)

Placebo Treated
Group (n � 30) p Value

Before operation 0.240 (0.128,0.450) 0.166 (0.071,0.388) 0.159 (0.068,0.388) 0.391
8 Hours postoperatively 0.841 (0.513,1.376) 0.380 (0.214,0.674) 1.084 (0.671,1.753) 0.015
24 Hours postoperatively 0.631 (0.344,1.155) 0.604 (0.321,1.138) 0.961 (0.535,1.726) 0.490

a Data are presented as geometrical means and 95% confidence intervals.
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Off-Pump Versus On-Pump Coronary Artery Surgery
       Identification of Fibrinolysis Using Rotation Thromboelastography;           

A Preliminary, Prospective, Randomized Study
Martin JARES,1 MD, Tomas VANEK,1 MD, Frantisek BEDNAR,1 MD,

Marek MALY,2 MSc, Jana SNIRCOVA,1 MD, and Zbynek STRAKA,1 MD

SUMMARY

The aim of this preliminary, prospective, randomized study was to compare rotation
thromboelastography (roTEG) results and D-dimer levels in off-pump versus on-pump
coronary surgery in order to identify the activation of fibrinolysis. 

Twenty patients scheduled for coronary bypass grafting were assessed (off-pump
group A, n = 10; on-pump group B, n = 10). Blood samples for roTEG examination were
taken preoperatively (t0), 15 minutes after sternotomy (t1), on the completion of peripheral
bypass anastomoses (t2), and at the end of procedures (t3). The time points for D-dimer
levels analyses were before operation, at the end of procedures, and 24 hours later.

A certain degree of roTEG signs of fibrinolysis was noticed at time t2 in both groups
and in group B these marks were quite widely, but not significantly expressed (P for inter-
group differences for Lysis on Set Time at 60 and 150 minutes were P = 0.190 and P =
0.122, respectively), borderline differences were found for Maximum Clot Firmness (P =
0.082) with a lower mean value for group B (arithmetic means [95% confidence intervals]
- 57.7 [54.2; 61.2] mm). Completely expressed roTEG signs of hyperfibrinolysis were
observed in 2 patients from group B. In group B also the highest geometric means of D-
dimers (1326.0 [943.5; 1863.6] ng mL-1) and thus a dramatic intergroup difference (P <
0.001) were observed at the end of surgery; 24 hours later the significantly elevated D-
dimer levels in both groups (A: 1070.0 [723.5; 1582.6] versus B: 1093.3 [732.0; 1632.9]
ng mL-1) were equalized (P = 0.932). 

Our roTEG results display a slightly greater, but fairly subtle activation of fibrinolysis
during the course of cardiopulmonary bypass, compared to off-pump cardiac surgery.    
(Int Heart J 2007; 48: 57-67)

Key words: Cardiopulmonary bypass, Hemostasis, Beating heart surgery, D-dimers, Car-
diac surgical procedures

THE issue of massive bleeding following heart surgery, and subsequent need for
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allogenic blood transfusion, is a permanent focus of cardiac surgeons worldwide.
The favourable effect of different fibrinolytic inhibitors (aprotinin, and lysine
analogues, such as tranexamic acid) on the decrease in perioperative bleeding in
cardiac surgery with the use of cardiopulmonary bypass (on-pump cardiac sur-
gery) was confirmed in a large number of controlled trials, and has been included
in relevant meta-analyses.1,2) However, only a limited number of studies have
been concerned with the use of antifibrinolytic drugs in cardiac surgery without
the use of extracorporeal circulation (off-pump cardiac surgery), and have dem-
onstrated its effectivenes, as well.3-7) The safety question of fibrinolytic inhibitors
in coronary surgery is permanently under discussion and has been accelerated by
2 recently published important observational studies.8,9) 

Information concerning the activation of the coagulation-fibrinolytic path-
way during off-pump and on-pump cardiac surgery procedures is still limited. To
the best of our knowledge, only one recent nonrandomized study10) and one pro-
spective, randomized11) study have investigated coagulation and fibrinolysis vari-
ables in off-pump versus on-pump up to 24 hours after cardiac surgery. Cardiac
surgery involving cardiopulmonary bypass leads to fulminant activation of the
hemostatic-inflammatory system.12) Theoretically, there are 2 time points with
increased fibrinolytic activity during this type of surgery: firstly, the release of tis-
sue plasminogen activator, which starts during the skin incision and sternotomy,
and secondly, the time period of cardiopulmonary bypass with suctions from the
surgical field (shed blood from the pericardium containing a great amount of
cytokines, tissue factor and tissue plasminogen activator). The surgical trauma/
aggression itself may be as important as, or even more important than, the use of
cardiopulmonary bypass in terms of coagulation-fibrinolytic pathway activa-
tion.13) 

Thromboelastography is a measuring method based on the continuous reg-
istration of blood clot firmness during the entire coagulation process. Thus, the
beginning of clot formation, clot formation kinetics, and maximum clot firmness
are assesed as well as its stability or lysis.

The aim of this prospective, randomized study was to identify fibrinolysis
using rotation thromboelastography (roTEG) in off-pump versus on-pump coro-
nary surgery patients. In addition, D-dimer levels between the study groups were
compared.

METHODS

After obtaining approval from the Medical Faculty Ethics Committe and
informed consent from all the participants, 20 patients scheduled for coronary
artery bypass grafting from January 3, 2005 to February 15, 2005 were enrolled
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in the study. The consecutive patients were randomized to off-pump or on-pump
surgery using the envelope method with random numbers (groups A, B; 10
patients in each group). The basic characteristics of the patient groups and surgi-
cal procedures are shown in Table I. The criteria for nonenrollment in the study
were as follows: previous cardiac surgery, myocardial infarction < 7 days prior to
the surgery, history of haematological or liver disorders, renal insufficiency
(serum creatinine > 150 µmol L-1) and preoperative anaemia (hemoglobin < 11 g
dL-1, hematocrit < 32). None of the study subjects were under the influence of
antiaggregative/anticoagulant drugs (aspirin withdrawal < 5 days before surgery,
low-molecular heparin withdrawal < 24 hours before surgery, a continuous
unfractioned heparin infusion, or medication with potent antiplatelet agents, such
as ADP inhibitors and GPIIb/IIIa antagonists). No fibrinolytic inhibitors were
used in the perioperative period in any of the patients evaluated.

Remifentanil based ultra-fast-track anesthesia (with the application of pro-
pofol, midazolam, atracurium, and inhaled isofluran) was performed in all cases.
This type of general anaesthesia, without the use of an epidural catheter, is a stan-
dard method for coronary artery surgery in our department.14) Surgical access was
through a full midline sternotomy in all cases. In off-pump procedures, heparin
was given at a dose of 100 IU kg-1 and verticalization of the beating heart was
achieved using an Axius Xpose Device, while the Ultima Vacuum Assist

Table I. Basic Demographic, Preoperative Hematological, and Intraoperative Characteristics

Off-pump group A On-pump group B P

Age (years)
Gender (male/female)
Weight (kg)
Additive EuroSCORE 
Logistic EuroSCORE

Arithm.

Arithm.
Arithm.
Geom.

65.5 (58.7; 72.3)
6 (60%) / 4

78.7 (73.2; 84.1)
4.40 (2.67; 6.13)
3.39 (1.98; 5.80)

62.6 (56.4; 68.8)
 8 (80%) / 2

86.9 (77.5; 96.2)
3.90 (1.95; 5.88)
2.92 (1.52; 5.61)

0.486
0.314
0.108
0.672
0.694

Hematocrit
Hemoglobin (g dL-1)
Platelet count (109 L-1)
Fibrinogen (g L-1)
aPTT (sec)
INR

Geom.
Geom.
Geom.
Geom.
Geom.
Geom.

44.86 (41.68; 48.28)
15.21 (14.11; 16.41)
225.4 (190.7; 266.4)

4.29 (3.79; 4.86)
40.21 (30.82; 52.46)
1.044 (0.981; 1.112)

44.93 (42.00; 48.07)
15.25 (13.99; 16.62)
259.5 (226.4; 297.3)
3.85 (3.60; 4.10)

34.95 (32.49; 37.60)
1.051 (0.992; 1.113)

0.971
0.964
0.158
0.098
0.276
0.873

Operating time (min)
Number of grafts
CPB duration (min)
AC duration (min)

Geom.
Arithm.
Geom.
Geom.

149.9 (131.9; 170.3)
2.00 (1.66; 2.34)

-
-

176.1 (163.0; 190.2)
2.60 (2.23; 2.97)
47.8 (40.3; 56.7)
26.8 (22.5; 32.1)

0.028
0.014

-
-

Data are presented as arithmetic means (arithm.) or geometric means (geom.) and 95% confidence 
intervals, unless otherwise specified. CPB indicates cardiopulmonary bypass; and AC, aortic clamp; 
aPTT, activated partial thromboplastin time; and INR, international normalized ratio of prothrombin 
time.
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(Guidant, Cupertino, CA) was used for the stabilization of the anastomosis site.
Upon completion of the anastomoses, heparinization was partially reversed with
a half-dose of protamine chloride. In on-pump surgery, normothermic perfusion
was used with the same type of noncoated capillary oxygenator (D 703 Compact-
flo, Dideco, Mirandola, Italy) with crystalloid priming of 750 mL. Heparin was
administered at a dose of 300 IU kg-1 to achieve an activated clotting time > 480
seconds. Upon completion of all anastomoses, a full dose of protamine chloride
was used to reverse the effects of heparin.

The blood for roTEG examination was sampled from the arterial line into
tubes containing sodium citrate (Greiner Bio-One, Kremsmuenster, Austria) and
processed immediately after sampling using a ROTEG® Whole Blood Haemosta-
sis System, model 05 (Pentapharm, Munich, Germany) with heparinase HEPTEG
(Nobis, Endingen, Germany) for heparin removal and EXTEG (Nobis, Endingen,
Germany) including thromboplastin for the extrinsic pathway activation. The
sampling time points were as follows: preoperatively (t0), 15 minutes after ster-
notomy (t1), on the completion of peripheral bypass anastomoses (t2), and at the
end of the procedure (t3). Blood samples for the preoperative evaluation of hae-
matological parameters (haemoglobin, haematocrit, platelet count, prothrombin
time, activated partial thromboplastin time, and fibrinogen) were taken and pro-
cessed in a routine way. Blood samples for D-dimer examination were obtained
before the operation, at the end of surgery, and 24 hours later. D-dimer levels
were assessed by a micro-latex imunoassay procedure for a quantitative measure-
ment of D-dimer on the Stago Compact analyser using Liatest Stachrom D-D
antibodies (Diagnostica Stago, Parsippany, NJ, USA).

Figure 1 describes the basic measured parameters assessed by rotation
thromboelastography: Clotting Time (CT) [sec]: time from the start of the mea-
surement until the start of a clot formation; Clot Formation Time (CFT) [sec]:
time from the beginning of the clot formation until an amplitude of 20 mm is
achieved; and Maximum Clot Firmness (MCF) [mm] marking clot stability/
strength; Alpha-angle [°] and Lysis on Set Time (LOT) [%] in 30 minutes, 60
minutes, and 150 minutes, respectively.

Statistical analysis was performed using SPSS statistical software, version
12.0.1 (SPSS Inc., Chicago, IL). Values are presented as arithmetic or geometric
means (for normally or log-normally distributed data, respectively) and their vari-
ability was characterized by 95% confidence intervals. For statistical testing, the
data were log-transformed when appropriate. The comparison between the 2
groups was made using a 2-sample t-test, and within-group comparisons of dif-
ferent time points were based on a paired t-test. In both tests, Bonferroni-type
correction for multiple comparisons was applied. A more complex evaluation
was performed using a multivariate repeated-measures analysis of variance.
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Spearman’s rank correlation coefficient was used to measure the association
between D-dimers and LOT. All statistical tests were evaluated at a significance
level of 0.05.

RESULTS

Both the off-pump and on-pump group showed comparable demographic,
preoperative haematological, and basic intraoperative characteristics, with the
exception of the mean operating time and the number of created peripheral anas-
tomoses, respectively (Table I). The duration of the on-pump surgery was signif-
icantly longer (P = 0.028) and the number of grafts was significantly higher (P =
0.014) in contrast to the off-pump surgery. This finding is not surprising and
exceptional given our experience with off-pump versus on-pump cardiac sur-
gery.15) 

Table II presents a comparison of the parameters assesed by thromboelas-
tography in monitored time points for off-pump (group A) and on-pump (group
B) surgery, respectively. At sampling times t0 (preoperatively), t1 (15 minutes
after sternotomy) and t3 (the end of the procedure) no statistically significant
intergroup differences were observed. At time t2 (completion of peripheral anas-
tomoses), borderline differences were found for MCF (P = 0.082) with a lower
mean value for on-pump group B compared to off-pump group A. For LOT at 60
and 150 minutes, respectively, significantly different intergroup differences were
not proven (P = 0.190 and P = 0.122, respectively), but in on-pump group B more
pronounced lysis (in terms of means) was observed. It is worth mentioning that

Figure 1. Basic rotation thromboelastographic (roTEG) parameters.



62 Int Heart J
January 2007JARES, ET AL

this was primarily caused by 2 patients (numbers B1 and B10) with extreme
fibrinolysis (LOT at 60 minutes, 0% resp. 19%; LOT at 150 minutes, 0% resp.
0%) (Figure 2). At 150 minutes this finding was supported by another 2 patients
(B4 and B9) with LOT values of 74% and 73% respectively. These values were
distinct from those of the remaining study subjects from on-pump group B,

Table II. Comparison of Thromboelastographic Parameters at Monitored Time Points

Time point / Parameter Off-pump group
A

On-pump group
B

P

Preoperatively (t0)
CT [sec]
CFT [sec]
MCF [mm]
Alpha-angle [°]
LOT (30 min.) [%]
LOT (60 min.) [%]
LOT (150 min.) [%]

geom.
geom.
arithm.
arithm.
arithm.
arithm.
arithm.

65.5 (52.4; 81.8)
69.9 (54.6; 89.4)
65.7 (60.4; 71.0)
75.7 (71.8; 79.6)
98.0 (98.0; 98.0)
94.3 (92.6; 96.0)
85.7 (82.8; 88.5)

76.0 (61.9; 93.4)
67.8 (55.6; 82.6)
66.3 (63.8; 68.8)
75.9 (73.5; 78.3)
97.8 (97.3; 98.3)
93.9 (91.9; 95.9)
85.3 (82.8; 87.9)

0.279
0.830
0.820
0.964
0.343
0.732
0.848

15 mins after sternotomy (t1)
CT [sec]
CFT [sec]
MCF [mm]
Alpha-angle [°]
LOT (30 min.) [%]
LOT (60 min.) [%]
LOT (150 min.) [%]

geom.
geom.
arithm.
arithm.
arithm.
arithm.
arithm.

82.6 (62.3; 109.6)
72.3 (59.3; 88.1)
66.9 (64.6; 69.2)
75.0 (72.3; 77.7)
97.8 (97.3; 98.3)
94.0 (91.6; 96.4)
85.9 (82.7; 89.1)

71.6 (57.8; 88.8)
67.5 (56.8; 80.3)
65.2 (61.5; 68.9)
76.4 (73.7; 79.1)
97.4 (96.0; 98.8)
93.9 (91.2; 96.7)
86.4 (82.7; 90.1)

0.376
0.567
0.392
0.420
0.540
1.000
0.815

Completion of anastomoses (t2)
CT [sec]† 
CFT [sec]† 
MCF [mm]† 
Alpha-angle [°]† 
LOT (30 min.) [%]† 
LOT (60 min.) [%]† 
LOT (150 min.) [%]† 

geom.
geom.
arithm.
arithm.
arithm.
arithm.
arithm.

129.3** (86.1; 194.2)
114.1NS (65.8; 190.2)
62.5NS (57.8; 67.2)
65.8NS (54.6; 77.0)
98.0NS (98.0; 98.0)
96.3NS (95.3; 97.3)
88.0NS (86.3; 89.7)

145.8* (95.9; 221.6)
110.6** (91.3; 134.1)
57.7*** (54.2; 61.2)

68.2** (63.9; 72.4)
97.2NS (95.4; 99.0)
79.6NS (53.0; 106.2)
68.2NS (42.0; 94.4)

0.647
0.901
0.082
0.833
0.343
0.190
0.122

End of procedure (t3)
CT [sec]
CFT [sec]
MCF [mm]
Alpha-angle [°]
LOT (30 min.) [%]
LOT (60 min.) [%]
LOT (150 min.) [%]

geom.
geom.
arithm.
arithm.
arithm.
arithm.
arithm.

89.3 (65.6; 121.6)
83.2 (72.8; 95.1)
65.4 (62.4; 68.4)
73.2 (71.2; 75.2)
98.0 (98.0; 98.0)
94.4 (92.5; 96.3)
85.8 (83.3; 88.4)

84.0 (67.4; 104.8)
80.9 (69.4; 94.4)
63.9 (60.5; 67.3)
73.9 (71.5; 76.3)
98.0 (98.0; 98.0)
95.6 (94.6; 96.6)
85.8 (80.3; 91.2)

0.720
0.760
0.465
0.604
1.000
0.221
0.993

Data are presented as arithmetic means (arithm.) or geometric means (geom.) and 95% confidence 
intervals. CT indicates clotting time; CFT, clot formation time; MCF, maximum clot firmness; and 
LOT, lysis on set time.
† At time t2, statistical significance of paired comparisons between the times t2 and t0 is indicated in 
both groups as follows: nonsignificant (NS), significant at P ≤ 0.05 (*), significant at P ≤ 0.01 (**), 
and significant at P ≤ 0.001 (***).
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whose mean value of LOT at 150 minutes (89.1%) was very close to the mean
value in off-pump group A (88.0%). Looking at the time course of the other
thromboelastographic parameters, CT, CFT, MCF and Alpha-angle show at time
t2 significant differences in comparison with the other time points in both groups.
When comparing t2 to preoperative t0, a statistically significant prolongation of
CT and nonsignificant prolongation of CFT were observed in off-pump group A
(P = 0.002, P = 0.122, respectively). In on-pump group B, a statistically signifi-
cant prolongation of both CT and CFT was noticed (P = 0.036 and P = 0.006,
respectively), as well. For roTEG parameters MCF and Alpha-angle, apparent
decreases in the mean values were found in on-pump group B at time t2. When
comparing t2 to t0, statistically significant differences were seen in both parame-
ters in on-pump group B (P = 0.001 and P = 0.008, respectively), while nonsig-

A

B

Figure 2. Rotation thromboelastographic (roTEG) traces in 2 patients with hyperfibrinolysis (on-pump
group B). Patient B1 (A): CT 135 sec, CFT 95 sec, alpha angle 71° , MCF 55 mm, LOT at 30 min 90%,
at 60 min 0%, and at 150 min 0%. Patient B10 (B): CT 78 sec, CFT 115 sec, alpha angle 68° , MCF 54
mm, LOT at 30 min 98%, at 60 min 19%, and at 150 min 0%.
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nificant differences were observed in off-pump group A (P = 0.221 and P =
0.132, respectively).

Using the complex model of multivariate analysis of variance with repeated
measurements (for all assessed roTEG parameters at all times), the distinctive-
ness of time t2 from the other times was confirmed (P < 0.001). Moreover, some
evidence of divergence in time trend between groups was observed (P = 0.089).
No age or gender differences were detected (P = 0.573 and P = 0.261, respec-
tively).

In the time course of D-dimers (Table III), a significant increase in D-dimer
levels in both groups was found (P < 0.001). In on-pump group B the highest
mean value of D-dimer was already reached at the end of surgery, while in off-
pump group A the maximum values were observed only on postoperative day 1.
As a consequence of this fact, a dramatic intergroup difference (P < 0.001) was
found at the end of the procedure.

Spearman’s correlation coefficient between D-dimer levels at the end of sur-
gery and LOT (t3) at 60 and 150 minutes was -0.047 and -0.086, respectively, in
group A, and -0.123 and -0.323, respectively, in group B. All correlations were
low and insignificant.

DISCUSSION

Our roTEG data indicate that a certain degree of fibrinolysis developed both
in off-pump group A and in on-pump group B at time t2 (on the completion of
peripheral bypass anastomoses) and that fibrinolysis at this time point was quite
widely expressed in group B. Theoretically, in both types of cardiac surgery the
fibrinolytic activity is initiated with the release of a tissue plasminogen activator,
which starts during the skin incision and sternotomy and continues through the
surgical tissue manipulation. In operations using cardiopulmonary bypass, addi-
tional massive activation of coagulation by the contact of blood with foreign,
negatively charged, nonendothelial surfaces is described with presumable conse-
quent activation of the fibrinolytic system.16) A very important mechanism acti-

Table III. Time Course of D-Dimer Levels (ng mL-1)

Time point Off-pump group A On-pump group B P

Preoperatively
End of the procedure
Postoperative day 1

geom.
geom.
geom.

244.2 (183.3; 325.4)
297.0 (189.6; 465.1)

1070.0 (723.5; 1582.6)

294.8 (184.2; 471.9)
1326.0 (943.5; 1863.6)
1093.3 (732.0; 1632.9)

  0.451
< 0.001
  0.932

Data are presented as geometric means (geom.) and 95% confidence intervals.



SEARCH FOR FIBRINOLYSIS BY THROMBOELASTOGRAPHY 65Vol 48
No 1

vating the coagulation-fibrinolytic system seems to be retransfusion of
pericardial blood collected intraoperatively to the extracorporeal circuit, as this
shed blood contains a great amount of tissue factor and tissue plasminogen acti-
vator.17) For this reason, a strategy based on the use of biocompatible surfaces
with low thrombogenicity (eg. heparin-, polymethoxyacrylate-, phosphorylcho-
lin-coated materials) and the use of closed extracorporeal circuits with the sepa-
ration of suctions from the surgical field is currently recommended.18-21) 

At time point t2 quite completely expressed thromboelastographic signs of
hyperfibrinolysis were observed in 2 patients (20%) (B1 and B10) from the on-
pump group and partial signs of increased fibrinolysis were noticed at 150 min-
utes of roTEG analyses in 2 other patients (B4, B9) originating from the same
group. The preoperative characteristics and intraoperative course of these 4 male
individuals were similar to the other patients in group B. The times of cardiopul-
monary bypass for these patients were 55, 37, 31, and 57 minutes, respectively,
while the range of times of the other patients in group B was 41-67 minutes. In
contrast to the results of another thromboelastographic study that reported poor
clinical outcome in fibrinolytic patients (eg. more colloid and vasopressor sup-
port, increased mortality),22) no complications in the postoperative period (includ-
ing bleeding tendency) of our probands with fibrinolysis were noticed. However,
the frequency of detected hyperfibrinolysis in that retrospective on-pump study
(14%) was quite similar to our results (20%).

In theory some roTEG parameters should be modified by a substantial
hemodilution during extracorporeal circulation, in comparison to the off-pump
group. In our practice with low pump prime the hemodilution was just moderate,
which can be supported with the evidence of hematological parameters during
cardiopulmonary bypass (medians [25th-75th percentiles]): hemoglobin 11.9
[10.5-12.1] g dL-1, and hematocrit 36.5 [32.5-37.3], respectively.

The observation of significantly increased D-dimer levels in on-pump group
B at the end of surgery and the equalization of elevated D-dimer levels between
the on-pump and off-pump groups 24 hours after the surgery is in agreement with
the findings of others.10,11) The question of a possibly delayed increase in coagu-
lant and fibrinolytic activity in off-pump surgery arises and slightly controversial
clinical conclusions23-25) should warrant further studies.

Thromboelastography provides a complete graphical representation of
blood coagulation and eventual subsequent lysis of the clot in almost real time.
Our 2 patients with an extreme degree of on-pump fibrinolysis showed a sponta-
neous tendency in the normalization of roTEG analysis at the end of procedures
and did not display increased bleeding postoperatively, and thus no antifibrin-
olytic treatment was used. However, we assume that this point-of-care test is an
excellent clinical tool for instant therapeutical decisions in situations of aug-



66 Int Heart J
January 2007JARES, ET AL

mented bleeding. Presently, we do not have enough data in available literature
comparing roTEG signs of fibrinolysis with relevant plasma markers (fibrin deg-
radation products, D-dimer) to determine which test is superior, but thromboelas-
tography seems to be a fast and reliable method for the immediate evaluation of
hyperfibrinolysis during cardiac surgery.26) 

Although in many cardiac surgery centers pharmacological strategies based
on fibrinolytic inhibitors are used on a routine basis, and their clinical effective-
ness has been clearly validated,27,28) we unexpectedly did not find evident and
explicit roTEG signs of hyperfibrinolysis in the majority of patients investigated.
Our preliminary roTEG results display a slightly greater activation of fibrinolysis
in on-pump coronary surgery during the course of cardiopulmonary bypass, but
the off-pump versus on-pump differences are fairly subtle and imply a need for
subsequent randomized trials with considerably larger numbers of patients allow-
ing to justify the results by power analysis. It is necessary to clarify existing lim-
itations of available literature evidence of fibrinolytic activity comparing off-
pump versus on-pump cardiac operations.
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Abstract

Sixty-five patients scheduled for coronary surgery were randomized into three groups: A – conventional coronary artery bypass grafting,
B – off-pump surgery, C – coronary artery bypass grafting with modified, rheoparin coated cardiopulmonary bypass with the avoidance of
re-infusion of cardiotomy blood into the circuit. On the completion of peripheral bypass anastomoses, highly significant inter-group
differences were found in the thromboelastographic parameter lysis of set time at 60 min of assessment (Ps0.003) and at 150 min of
assessment (P-0.001), the mean values of these parameters were significantly lower in group A as compared with both groups B and C,
which were statistically indistinguishable. Lysis on set time on the completion of peripheral bypass anastomoses -50% was detected in 12
patients (52.2%) originating from group A. At the other sampling times (preoperatively, 15 min after sternotomy, at the end of the
procedures, and 24 h later) thromboelastographic parameters were similar in all groups. In group A no significant correlations between
lysis on set time, postoperative blood loss and D-dimer levels were found. Based on our results, thromboelastographic signs of fibrinolysis
were clearly detectable during cardiopulmonary bypass in group A, but not at any time in groups B and C.
� 2007 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.

Keywords: Coronary artery surgery; Beating heart surgery; Cardiopulmonary bypass; Hemostasis; Thromboelastography; D-dimer

1. Introduction

Although in many centers pharmacological strategies
based on fibrinolytic inhibitors are used on a routine basis,
detailed knowledge of fibrinolysis during cardiac surgery is
still limited. The aim of this prospective, randomized study
was to search for fibrinolysis by the method of rotation
thromboelastographyythromboelastometry (ROTEM) in dif-
ferent settings of coronary artery surgery.

Thromboelastography is a measuring method, based on
the continuous registration of blood clot firmness during
the entire coagulation process. Thus, the beginning of clot
formation, clot formation kinetics and the maximum clot
firmness are assessed as well as its stability or lysis w1x.
The most important parameter for detection of fibrinolysis
in ROTEM analysis is lysis on set time (LOT), which describes
the reduction of clot firmness during measurement (Fig.
1).

2. Material and methods

With the Medical Faculty Ethics Committee approval, and
after obtaining the informed consent from all participants,

� Financial support by the Cardiovascular research project of the Charles
University Prague, Czech Republic, no. MSM0021620817.

*Corresponding author. Department of Cardiac Surgery, FNKV, Srobarova 50,
100 34 Prague 10, Czech Republic. Tel.: q420 267 163 422; fax: q420 267
163 260.

E-mail address: vanek@fnkv.cz (T. Vanek).

65 patients with ischemic heart disease scheduled for
coronary surgery were enrolled in the study. The criteria
for non-enrollment to the study were as follows: emergency
procedures, previous cardiac surgery, concomitant surgery
(valvular or aortic), myocardial infarction -7 days prior to
surgery, history of hematological or liver disorders, renal
insufficiency (serum creatinine )150 mmolyl), and preop-
erative anemia (hemoglobin -11 gyl, hematocrit -32). A
strict contraindication to the inclusion in the study was
preoperative treatment with antiaggregative or anticoagu-
lant drugs. No fibrinolytic inhibitors were used in the
perioperative period in any of the evaluated patients.

After the enrollment into the study, the patients were
randomized into three groups: A (conventional CABG), B
(OPCAB surgery), and C (CABG with modified cardiopul-
monary bypass), the envelope method with random num-
bers was used. The feasibility of randomization for on-pump
or off-pump coronary surgery in our center was proven by
previous experiences w2, 3x.

2.1. Surgical and cardiopulmonary bypass techniques

2.1.1. Group A – conventional CABG
Cardiopulmonary bypass in a standard setting was estab-

lished by ascending aortic cannulation and two-stage
venous cannulation of the right atrium, non-coated extra-
corporeal circuit (Dideco D 903 Avant, Mirandola, Italy)
with crystalloid pump prime 750 ml was used. Heparin was
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Fig. 1. Parameters of ROTEM analysis (scheme). wa-angle – the angle
between the center line and a tangent to the curve through the 2 mm ampli-
tude point (8); CFTsclot formation time – time from the onset of clot for-
mation until an amplitude of 20 mm is reached (s); CTsclotting time – time
from the start of measurement until the start of clot formation (s); LOTs
lysis on set time (% of MCF); MCFsmaximum clot firmness (mm)x.

given at an initial dose of 300 IUykg to achieve an activated
clotting time (ACT) )480 s. Normothermic perfusion (2.5
lym , roller pump) with antegrade intermittent warm blood2

cardioplegia and re-infusion of cardiotomy suction blood
were used. On the completion of all anastomoses, full-dose
protamin chloride was given to reverse the effect of
heparin.

2.1.2. Group B – OPCAB surgery
The patients were operated on from full midline sterno-

tomy. The verticalization of the beating heart was achieved
using an Axius Xpose Device while the Acrobat SUV Vacuum
Stabilizer, and Axius BloweryMister (Guidant, Santa Clara,
CA) were used for the stabilization and visualization of the
anastomosis site. No cell-saver device was used and no
blood was returned to the patients. The dose of heparin,
100 IUykg, was used with target ACT over 250 s. On the
completion of anastomoses, heparinization was partially
reversed with a half-dose of protamin, regardless of ACT
value.

2.1.3. Group C – modified cardiopulmonary bypass
A rheoparin coated cardiopulmonary bypass system (oxy-

genator Medos Hilite 7000, Stolberg, Germanyqhardshell
venous reservoir, tubing, cannules) was utilized. The blood
suctioned from the pericardium was collected in a separate
reservoir and was not returned routinely into the extra-
corporeal circulation. Heparin, perfusion, and cardio-
plegia managements were the same as described in group
A.

2.2. Transfusion policy

During the procedures the patients were administered
crystalloid solutions and 5% albumin solution, if necessary,
synthetic colloidal solutions and fresh frozen plasma were
not used. Determined borderlines for administration of red
blood cell transfusion (or reinfusion of collected autologous
blood in group C) were hemoglobin decrease to -8.5 gydl

andyor hematocrit -26. The same threshold for allogenic
blood transfusion was used 24 h postoperatively.

2.3. ROTEM and laboratory analyses

The blood for ROTEM examination was sampled from the
arterial line into tubes containing sodium citrate (Greiner
Bio-One, Kremsmuenster, Austria) and processed immedi-
ately after sampling by ROTEG Whole Blood Haemostasis�

System, model 05 (Pentapharm, Munich, Germany) using
heparinase HEPTEG for heparin removal and EXTEG (Nobis,
Endingen, Germany) including thromboplastin for the
extrinsic pathway activation. The sampling time points
were as follows: preoperatively (t ), 15 min after sterno-1

tomy (t ), on the completion of peripheral bypass anasto-2

moses (t ), at the end of the procedures (t ), and 24 h3 4

after the end of surgery (t ). Blood samples for D-dimer5

examination were taken before the operation, at the end
of surgery, and 24 h later.

2.4. Statistical analysis

Statistical analysis was performed by statistical software
Stata, release nine (Stata Corp LP, College Station, TX). All
statistical tests were evaluated at a significance level of
0.05.

3. Results

For all three study groups no significant differences in the
basic demographic data and preoperative hematological
variables were found.

Only one patient originally randomized to group B was
intraoperatively (but before initiating of revascularization)
converted to group A. The reason for this was the presence
of small intramuscular coronary arteries. One patient from
group C was re-infused by collected shed blood (900 ml)
during cardiopulmonary bypass, the data of this patient
were withdrawn from the study. Four patients (1 originating
from group A, 1 from group B, 2 from group C, respectively)
underwent re-exploration postoperatively with the finding
of an evident surgical source of bleeding, and so their
following postoperative data were not included in the
study, either.

The differences between groups in the mean number of
grafts warithmetic means and 95% confidence intervals –
group A: 2.43 (2.12; 2.75), group B: 2.09 (1.73; 2.45),
group C: 2.63 (2.34; 2.92)x were close to the significance
level (Ps0.059) due to the lower number of grafts per
patient in group B. The mean intraoperative blood loss was
slightly higher in group C wgeometric means and 95% confi-
dence intervals – group A: 326.0 (269.1; 394.9) ml, group
B: 346.2 (258.6; 463.6) ml, group C: 441.9 (354.3; 551.1)
ml, Ps0.066x. In this group the volume of blood collected
in the separate reservoir – median 150 ml, min–max 100–
650 ml – was included in the evaluated blood loss. The
hemodilution during extracorporeal circulation in on-pump
groups was just moderate wmedians (25–75th percentiles)
– group A: hemoglobin 11.6 (10.3; 12.0) g dl , hematocrit–1

35.6 (31.0; 36.9), group C: hemoglobin 10.5 (10.0; 12.0)
g dl , hematocrit 32.1 (30.9; 36.9)x. Neither cardiopulmo-–1
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Fig. 2. Time course of LOT (150 min) over the sampling times. Group A differs
significantly from the groups B and C (P-0.001).

Table 1
Comparison of lysis on set time at monitored time points

Time point Group A Group B Group C P-value
(ns23)a (ns22)a (ns19)a

t1

LOT (30 min) 97.9 (97.6; 98.1) 98.0 (98.0; 98.0) 97.9 (97.8; 98.1) 0.542
LOT (60 min) 93.7 (92.5; 94.8) 92.9 (92.0; 93.7) 93.9 (92.8; 95.0) 0.305
LOT (150 min) 84.5 (82.3; 86.6) 82.8 (81.1; 84.5) 83.8 (82.5; 85.1) 0.401
t2

LOT (30 min) 97.6 (97.0; 98.1) 97.8 (97.6; 98.0) 97.9 (97.7; 98.0) 0.387
LOT (60 min) 94.3 (93.2; 95.4) 93.3 (92.1; 94.4) 94.1 (92.6; 95.5) 0.431
LOT (150 min) 86.4 (83.8; 89.0) 83.0 (80.7; 85.3) 84.7 (82.6; 86.9) 0.113
t3

LOT (30 min) 96.9 (95.1; 98.7) 97.8 (97.4; 98.2) 98.0 (98.0; 98.0) 0.340
LOT (60 min) 76.3 (62.0; 90.6) 93.6 (92.4; 94.9) 96.3 (95.2; 97.3) 0.003
LOT (150 min) 42.4 (24.9; 59.9) 82.3 (80.2; 84.4) 85.1 (82.8; 87.4) -0.001
t4

LOT (30 min) 98.0 (97.9; 98.0) 97.9 (97.8; 98.0) 97.9 (97.8; 98.1) 0.796
LOT (60 min) 95.6 (94.6; 96.6) 93.5 (92.1; 94.9) 95.1 (93.8; 96.4) 0.038
LOT (150 min) 82.1 (74.3; 89.9) 83.7 (81.8; 85.7) 86.2 (84.1; 88.2) 0.519
t5

LOT (30 min) 97.9 (97.7; 98.1) 98.0 (98.0; 98.0) 97.9 (97.8; 98.1) 0.569
LOT (60 min) 93.8 (92.5; 95.0) 93.0 (91.8; 94.1) 93.4 (92.4; 94.3) 0.571
LOT (150 min) 84.7 (82.4; 86.9) 83.6 (81.5; 85.7) 83.8 (82.0; 85.5) 0.714

Data are presented as arithmetic means and 95% confidence intervals. Sampling time points: t spreoperatively; t sfifteen minutes after sternotomy; t son1 2 3

the completion of peripheral bypass anastomoses; t sat the end of the procedures; t s24 h after the end of surgery. At the sampling time t four patientsa
4 5 5

with postoperative re-exploration were excluded (1 originating from group A, 1 from group B, 2 from group C, respectively). LOTslysis on set time (at 30, 60,
and 150 min of assessment).

nary bypass nor aortic clamp durations showed any differ-
ences between groups A and C.

The highest mean postoperative blood loss (in 24 h) was
observed in group C, while the lowest mean blood loss was
detected in group B wgroup A: 686.7 (570.8; 826.1) ml,
group B: 555.3 (441.3; 698.9) ml, group C: 775.6 (645.1;
932.3) ml, Ps0.157x.

Only one patient in each group was re-transfused by
packed red cells intraoperatively. The number of patients
re-transfused postoperatively with packed red cells was 9
(40.9%), 5 (23.8%) and 9 (52.9%) in groups A, B and C,
respectively. The differences in proportions are not signif-
icant (Ps0.176), although transfusion requirements were
lower in group B as compared to the other two groups.

3.1. ROTEM analyses, association with blood loss and
D-dimer levels

Comparison of LOT in monitored time points is given in
Table 1. While parameters were similar in groups A, B and
C in sampling times t , t , t and t , in sampling time t (on1 2 4 5 3

the completion of peripheral bypass anastomoses) highly
significant inter-group differences were found in LOT
(60 min) (Ps0.003) and in LOT (150 min) (P-0.001). The
mean values of these parameters were significantly lower
in group A as compared with both of the other groups B
and C, which were statistically indistinguishable – LOT
(60 min) (Ps0.968), LOT (150 min) (Ps0.979). Parameter
LOT (150 min)-50% of maximum clot firmness was detect-
ed in 12 individual patients (52.2%) originating from the
group A. The time course of LOT (150 min) over the
sampling times is shown in Fig. 2; group A differs signifi-
cantly from the other two groups (P-0.001).

In group A, the association between LOT (150 min) in
sampling time t and postoperative blood loss was tested.3

Spearman correlation coefficient was 0.39 (Ps0.075) in
this case. In patients with apparent ROTEM signs of hyper-
fibrinolysis (LOT equal to 0) a wide range of bleeding
occurred (min–max 440–1310 ml).

The time course of D-dimer levels is presented in Fig. 3.
A significant increase in D-dimer levels in all groups was
found. In group A the highest mean value of D-dimer was
already reached at the end of surgery, while in groups B
and C the maximum values were observed as late as on
postoperative day one. As a consequence of this fact, a
dramatic inter-group difference (P-0.001) was found at
the end of procedures; the mean value of D-dimer in group
A was distinct from groups B and C (Ps0.001, P-0.001,
respectively), while the difference between groups B and
C was not significant (Ps0.231).
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Fig. 3. Time course of D-dimer levels over the sampling times. Significant
inter-group difference was found at the end of procedures (P-0.001).

In group A, the relationship between LOT (150 min) in
sampling time t and D-dimer levels at the end of proce-3

dures was examined. The association between the variables
was insignificantly negative with Spearman correlation
coefficient equal to 0.16 (Ps0.463). In patients with appar-
ent ROTEM signs of hyper-fibrinolysis (LOT equal to 0) there
was a wide range of D-dimer levels (min–max 520–2210
ngyml).

4. Discussion

The main finding of this randomized trial is apparent
thromboelastographic detection of fibrinolysisyhyper-fibri-
nolysis in conventional CABG (group A) at the time of
extracorporeal circulation. In theory, fibrinolytic activity
during cardiac surgery is initiated by the release of tissue
plasminogen activator; this starts with the skin incision and
sternotomy and continues throughout the surgical tissue
manipulation. In operations where cardiopulmonary bypass
is used, additional massive activation of coagulation occurs
related to the contact of blood with foreign, negatively
charged non-endothelial surfaces and consequent activ-
ation of the fibrinolytic system is described. Re-infusion of
the suctioned fluids from the surgical field (shed blood
from the pericardium contains large amounts of cytokines,
tissue factors and tissue plasminogen activator) thereafter
enhances these pathological processes w4–6x.

No ROTEM signs of fibrinolysis were detected in OPCAB
group B, and in modified cardiopulmonary bypass group C
at the critical sampling time of the completion of periph-
eral bypass anastomoses. No ROTEM signs of fibrinolytic
activity were found in all the evaluated groups at the other
sampling times. In agreement with available literature we,
therefore, consider that the main important triggers of
fibrinolytic pathways are the usage of non-coated, less-
biocompatible cardiopulmonary bypass and, principally,
direct re-infusion of suctioned fluids exposed to pericardial
and mediastinal surfaces into the extracorporeal circuit
w7x. The actual impact of either biocompatible coating or
avoidance of re-infusion of shed blood on ROTEM results
should be verified by further investigation with a different
study design (modified cardiopulmonary bypass group split

into two separate sub-groups). Even though there is growing
literary evidence that fibrinolytic inhibitors reduce post-
operative blood loss in OPCAB w8–11x, based on our results,
the impact of sternotomyysurgical tissue manipulations
does not seem to be as important as the practice of
cardiopulmonary bypass.

The consequences of this study are supported by the
results of our prospective, randomized pilot study, which
had been realized previously with different patients w12x.

Although in the present study approximately half of the
patients (52.2%) in the conventional CABG group A
expressed thromboelastographic signs of fibrinolysis during
the period of cardiopulmonary bypass, these signs of fibrino-
lysis resolved spontaneously and were not detectable at
the end of procedures and 24 h later, and thus no anti-
fibrinolytic treatment was used. Surprisingly, in group A we
did not find any association between ROTEM signs of fibri-
nolysis and postoperative blood loss. This finding is in
contrast to results of another thromboelastographic retro-
spective survey with a poor clinical outcome in cardiac
surgery patients with detected fibrinolysis w13x. A limitation
of our study was the fact that in group C only modified,
but not really condensed (miniaturized) closed ‘minimally
invasive’ cardiopulmonary bypass was used, thus our expec-
tations of decreased postoperative blood loss and the
subsequent reduction of allogenic blood transfusion were
not fulfilled w14x.

The observation of significantly increased D-dimer levels
in conventional CABG group A at the end of surgery and
the equalization of elevated D-dimer levels between the
on-pump group A and OPCAB group B 24 h after the surgery
is in agreement with the findings of others w15x. According
to our observations, the time course of D-dimer levels in
modified CABG (group C) is similar to that in OPCAB surgery.
In group A, a low and insignificant negative correlation
between LOT (150 min) at sampling time t and D-dimer3

levels at the end of surgery seems to be difficult to explain.
Presently, we have not enough data in available literature
comparing thromboelastographic signs of fibrinolysis with
relevant plasma markers.

In conclusion, our prospective, randomized study demon-
strated that thromboelastographic signs of fibrinolysis are
clearly detectable in the important part of coronary surgery
patients operated on with the use of conventional cardio-
pulmonary bypass, but not in off-pump patients and those
operated on with the biocompatible surface-modified cir-
cuit without re-infusion of cardiotomy suction blood.

Acknowledgments

We are grateful to chief perfusionist BA Stepanka Sucho-
parova for her helpful contribution to this study.

References

w1x Spalding GJ, Hartrumpf M, Sierig T, Oesberg N, Kirsche CG, Albes JM.
Cost reduction of perioperative coagulation management in cardiac
surgery: value of ‘bedside’ thromboelastography (ROTEM). Eur J Car-
diothorac Surg 2007;31:1052–1057.

w2x Straka Z, Widimsky P, Jirasek K, Stros P, Votava J, Vanek T, Brucek P,
Kolesar M, Spacek R. Off-pump versus on-pump coronary surgery: final

 by Zbynek Straka on January 7, 2008 icvts.ctsnetjournals.orgDownloaded from 

http://icvts.ctsnetjournals.org


ARTICLE IN PRESS

704 T. Vanek et al. / Interactive CardioVascular and Thoracic Surgery 6 (2007) 700–704

results from a prospective randomized study PRAGUE-4. Ann Thorac
Surg 2004;77:789–793.

w3x Widimsky P, Straka Z, Stros P, Jirasek K, Dvorak J, Votava J, Lisa L,
Budesinsky T, Kolesar M, Vanek T, Brucek P. One-year coronary bypass
graft patency: a randomized comparation between off-pump and on-
pump surgery angiographic results of the PRAGUE-4 trial. Circulation
2004;110:3418–3423.

w4x Vedin J, Antovic A, Ericsson A, Vaage J. Hemostasis in off-pump
compared to on-pump coronary artery bypass grafting: a prospective,
randomized study. Ann Thorac Surg 2005;80:586–593.

w5x Biglioli P, Cannata A, Alamanni F, Naliato M, Porqueddu M, Zanobini M,
Tremoli E, Parolari A. Biological effects of off-pump vs. on-pump
coronary artery surgery: focus on inflammation, hemostasis and oxida-
tive stress. Eur J Cardiothorac Surg 2003;24:260–269.

w6x Cannata A, Biglioli P, Tremoli E, Parolari A. Biological effects of coronary
surgery: role of surgical trauma and CPB. Eur J Cardiothorac Surg
2004;26:664; author reply 664–665.

w7x Shann KG, Likosky DS, Murkin JM, Baker RA, Baribeau YR, DeFoe GR,
Dickinson TA, Gardner TJ, Grocott HP, O’Connor GT, Rosinski DJ, Sellke
FW, Willcox TW. An evidence-based review of the practice of cardio-
pulmonary bypass in adults: a focus on neurologic injury, glycemic
control, hemodilution, and the inflammatory response. J Thorac Cardio-
vasc Surg 2006;132:283–290.

w8x Casati V, Della Valle P, Benussi S, Franco A, Gerli C, Baili P, Alfieri O,
D’Angelo A. Effects of tranexamic acid on postoperative bleeding and
related hematochemical variables in coronary surgery: comparison
between on-pump and off-pump techniques. J Thorac Cardiovasc Surg
2004;128:83–91.

w9x Jares M, Vanek T, Straka Z, Brucek P. Tranexamic acid reduces bleeding
after off-pump coronary artery bypass grafting. J Cardiovasc Surg
(Torino) 2003;44:205–208.

w10x Vanek T, Jares M, Fajt R, Straka Z, Jirasek K, Kolesar M, Brucek P, Maly
M. Fibrinolytic inhibitors in off-pump coronary surgery: a prospective,
randomized, double-blind TAP study (tranexamic acid, aprotinin, pla-
cebo). Eur J Cardiothorac Surg 2005;28:563–568.

w11x Murphy GJ, Mango E, Lucchetti V, Battaglia F, Catapano D, Rogers CA,
Angelini GD. A randomized trial of tranexamic acid in combination with
cell salvage plus a meta-analysis of randomized trials evaluating tra-
nexamic acid in off-pump coronary artery bypass grafting. J Thorac
Cardiovasc Surg 2006;132:475–480, 480 e471–478.

w12x Jares M, Vanek T, Bednar F, Maly M, Snircova J, Straka Z. Off-pump
versus on-pump coronary artery surgery – Identification of fibrinolysis
using rotation thromboelastography; a preliminary, prospective, ran-
domized study. Int Heart J 2007;48:57–67.

w13x Cvachovec K, Horacek M, Vislocky I. A retrospective survey of fibrino-
lysis as an indicator of poor outcome after cardiopulmonary bypass and
a possible early sign of systemic inflammation syndrome. Eur J Anaes-
thesiol 2000;17:173–176.

w14x Remadi JP, Rakotoarivelo Z, Marticho P, Benamar A. Prospective ran-
domized study comparing coronary artery bypass grafting with the new
mini-extracorporeal circulation Jostra System or with a standard car-
diopulmonary bypass. Am Heart J 2006;151:198.

w15x Paparella D, Galeone A, Venneri MT, Coviello M, Scrascia G, Marraudino
N, Quaranta M, de Luca Tupputi Schinosa L, Brister SJ. Activation of
the coagulation system during coronary artery bypass grafting: compar-
ison between on-pump and off-pump techniques. J Thorac Cardiovasc
Surg 2006;131:290–297.

 by Zbynek Straka on January 7, 2008 icvts.ctsnetjournals.orgDownloaded from 

http://icvts.ctsnetjournals.org


DOI: 10.1510/icvts.2007.161463 
2007; 

 2007;6:700-704; originally published online Aug 20,Interact CardioVasc Thorac Surg
Tomas Vanek, Martin Jares, Jana Snircova and Marek Maly 

 Fibrinolysis in coronary artery surgery: detection by thromboelastography

This information is current as of January 7, 2008 

 & Services
Updated Information

 http://icvts.ctsnetjournals.org/cgi/content/full/6/6/700
including high-resolution figures, can be found at: 

 References

 http://icvts.ctsnetjournals.org/cgi/content/full/6/6/700#BIBL

This article cites 15 articles, 10 of which you can access for free at:

 Subspecialty Collections

 rgery
http://icvts.ctsnetjournals.org/cgi/collection/minimally_invasive_su

 Minimally invasive surgery ion
http://icvts.ctsnetjournals.org/cgi/collection/extracorporeal_circulat

 Extracorporeal circulation
 http://icvts.ctsnetjournals.org/cgi/collection/cardiac_other

 Cardiac - other
following collection(s): 
This article, along with others on similar topics, appears in the

 Permissions & Licensing
 icvts@ejcts.chits entirety should be submitted to: 

Requests to reproducing this article in parts (figures, tables) or in

 Reprints
 icvts@ejcts.ch

For information about ordering reprints, please email: 

 by Zbynek Straka on January 7, 2008 icvts.ctsnetjournals.orgDownloaded from 

http://icvts.ctsnetjournals.org/cgi/content/full/6/6/700
http://icvts.ctsnetjournals.org/cgi/content/full/6/6/700#BIBL
http://icvts.ctsnetjournals.org/cgi/collection/cardiac_other
http://icvts.ctsnetjournals.org/cgi/collection/extracorporeal_circulation
http://icvts.ctsnetjournals.org/cgi/collection/minimally_invasive_surgery
http://icvts.ctsnetjournals.org


25

Postoperative Blood Loss in Coronary Surgery
No Real Impact of Fibrinolysis Detected by Thromboelastography              

and D-Dimers. A Prospective, Randomized Study
Jana SNIRCOVA,1 MD, Martin JARES,1 MD, Marek MALY,2 MSc,

Zbynek STRAKA,1 MD, Jan SPEGAR,1 MD, and Tomas VANEK,1 MD

SUMMARY

Although in many cardiac surgery centers pharmacological strategies based on fibrin-
olytic inhibitors are used on a routine basis, detailed knowledge of fibrinolysis during var-
ious settings of coronary surgery is still limited. 

Sixty-five patients scheduled for coronary surgery were randomized into 3 groups:
group A - conventional coronary artery bypass grafting, group B - off-pump surgery, and
group C - coronary artery bypass grafting with modified, rheoparin coated cardiopulmo-
nary bypass with the avoidance of reinfusion of cardiotomy blood into the circuit. The
sampling time points for rotation thromboelastographic evaluations were as follows: pre-
operatively, 15 minutes after sternotomy, on the completion of peripheral bypass anasto-
moses, at the end of the procedures, and 24 hours after the end of surgery. D-dimer levels
were evaluated before surgery, at the end of procedures, and 24 hours after surgery.

Thromboelastographic signs of fibrinolysis (evaluated by Lysis Onset Time-inter-
group differences at 60 and 150 minutes of assessment: P = 0.003 and P < 0.001, respec-
tively) were clearly detectable during cardiopulmonary bypass in group A, but not at any
time in groups B and C. At the other sampling times all thromboelastographic parameters
were similar in all groups. In group A, no exceptional bleeding tendency (during 24
hours), as compared to groups B and C (geometric means and 95% confidence intervals:
group A: 686.7 [570.8; 826.1] mL, group B: 555.3 [441.3; 698.9] mL, group C: 775.6
[645.1; 932.3] mL, P = 0.157), and no significant correlations between Lysis Onset Time,
postoperative blood loss, and D-dimer levels were found. No significant differences in
postoperative blood loss related to cardiac surgeons and assistant surgeons were detected.

Thromboelastographic signs of increased fibrinolysis were detectable in the important
proportion of coronary surgery patients operated on with the use of conventional cardio-
pulmonary bypass, but not in off-pump patients and those operated on with the biocom-
patible surface-modified circuit without reinfusion of cardiotomy suction blood. These
signs resolved spontaneously at the end of surgery and were not associated with increased
postoperative bleeding. No significant correlation with D-dimer levels was found.  (Int 
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THE beneficial effect of different fibrinolytic inhibitors on the reduction of post-
operative bleeding in cardiac surgery has been proven in large meta-analyses of
randomized trials.1,2) Only a limited number of studies have been concerned with
the use of antifibrinolytic agents in off-pump coronary artery bypass (OPCAB)
surgery, and these demonstrated its effectiveness as well.3-8) The safety question
of fibrinolytic inhibitors in coronary surgery is permanently under discussion.
Two up-to-date published and widely discussed observational studies reported an
increase in renal dysfunction plus ischemic events in aprotinin treated on-pump
coronary artery bypass grafting (CABG).9,10) Although in many centers pharma-
cological strategies based on fibrinolytic inhibitors are used on a routine basis,
detailed knowledge of fibrinolysis during cardiac surgery and its real clinical
impact is still limited.

The aim of this prospective, randomized study was to search for fibrinolysis
(by the method of rotation thromboelastography, and by the examination of D-
dimer levels), and to evaluate blood loss plus transfusion requirements in 3 differ-
ent settings of coronary artery surgery.

METHODS

Sixty-five patients with ischemic heart disease scheduled for isolated coro-
nary surgery from December 2005 to November 2006 were enrolled in the study.
The study was approved by the Medical Faculty Ethics Committee (EK/48/2005,
September 21, 2005) and informed consent was obtained from all participants.
The criteria for nonenrollment were as follows: emergency procedures, redo sur-
gery, recent myocardial infarction, history of hematological or liver disorders,
renal insufficiency (serum creatinine higher than 150 µmol/L), and preoperative
anemia (hemoglobin less than 11 g/L, hematocrit less than 32). A strict contrain-
dication to inclusion in the study was preoperative treatment with antiaggregative
or anticoagulant drugs (aspirin withdrawal within less than 5 days, and clopi-
dogrel withdrawal within less than 14 days before surgery, low-molecular heparin
withdrawal within less than 24 hours before surgery). No fibrinolytic inhibitors
were used in the perioperative period in any of the evaluated patients.

After enrollment into the study, the patients were randomized into 3 groups;
A (conventional CABG), B (OPCAB surgery), and C (CABG with modified car-
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diopulmonary bypass), by the envelope method with random numbers. The
patients were randomized to the surgical and cardiopulmonary bypass techniques,
but not to the operating surgical teams. The setting of procedures was as follows:
Group A - conventional CABG. Cardiopulmonary bypass with a noncoated extra-
corporeal circuit (Dideco D 903 Avant, Mirandola, Italy)-crystalloid pump prime
750 mL-was used. Heparin was given at an initial dose of 300 IU/kg to achieve
an activated clotting time (ACT) over 480 seconds. Normothermic perfusion (2.5
L/m2) with antegrade intermittent warm blood cardioplegia and reinfusion of car-
diotomy suction blood were used. On the completion of all anastomoses, full-
dose protamine chloride was given to reverse the effect of heparin;
Group B - OPCAB surgery. The patients underwent a full midline sternotomy.
The verticalization of the beating heart was achieved using an Axius Xpose
Device (Guidant, Santa Clara, CA) while an Acrobat SUV Vacuum Stabilizer and
an Axius Blower/Mister (Guidant, Santa Clara, CA) were used for the stabiliza-
tion and visualization of the anastomosis site, respectively. The dose of heparin
was 100 IU/kg with a target ACT over 250 seconds. Upon completion of the anas-
tomoses, heparinization was partially reversed with a half-dose of protamine,
regardless of the ACT value;
Group C - modified cardiopulmonary bypass. A rheoparin coated cardiopulmo-
nary bypass system (oxygenator Medos Hilite 7000, Stolberg, Germany + hard-
shell venous reservoir, tubing, cannules) was utilized. The blood suctioned from
the pericardium was collected in the separate reservoir (Dideco D 742 D.A.C.,
Mirandola, Italy) and was not returned routinely into the extracorporeal circula-
tion. Heparin, perfusion, and cardioplegia managements were the same as
described in group A.

Intraoperative borderlines for administration of red blood cell transfusion
(or reinfusion of collected autologous blood in group C) were a hemoglobin
decrease to less than 8.5 g/dL and/or a hematocrit less than 26. The same thresh-
old for allogenic blood transfusion was used 24 hours postoperatively; a transfu-
sion of fresh frozen plasma was instituted (to correct a suspected deficiency of
coagulation factors) when chest drain bleeding exceeded 150 mL/h, or 100 mL/h
for two consecutive hours. No cell-saver device was used during the periopera-
tive period in any group.

The blood for thromboelastography was processed immediately after sam-
pling by a ROTEG® Whole Blood Haemostasis System, model 05 (Pentapharm,
Munich, Germany) using heparinase HEPTEG (Nobis, Endingen, Germany) for
heparin removal and EXTEG (Nobis, Endingen, Germany) including thrombo-
plastin for the extrinsic pathway activation. Blood was aspirated from an arterial
catheter after the withdrawal of 3 dead-space volumes to prevent massive con-
tamination by heparin flush. The sampling time points were as follows: preoper-
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atively (t1), 15 minutes after sternotomy (t2), on the completion of peripheral
bypass anastomoses (t3), at the end of the procedures (t4), and 24 hours after the
end of surgery (t5). Blood samples for the evaluation of haematological parame-
ters (haemoglobin, haematocrit, platelet count, prothrombin time, activated par-
tial thromboplastin time, and fibrinogen) were taken and processed in a routine
way. Blood samples for D-dimer examination were taken before the operation, at
the end of surgery, and 24 hours later. D-dimer levels were assessed by a micro-
latex immunoassay procedure for a quantitative measurement of D-dimer on the
Stago Compact analyser using Liatest Stachrom D-D antibodies (Diagnostica
Stago, Parsippany, NJ).

Statistical analysis was performed using statistical software (Stata, release 9,
Stata Corp LP, College Station, TX). The values of continuous variables were
given as arithmetic or geometric means (for normally or log-normally distributed
data, respectively) and their variability was characterized by 95% confidence
intervals. For the statistical testing, the data were log-transformed when appropri-
ate. The comparison between groups was made using various models of analysis
of variance followed by Sidak’s test for multiple comparisons and (in case of two
groups) using a two-sample t-test. Within-group comparisons of different time
points were based on a repeated-measures analysis of variance. The degree of
relationship between two continuous variables was quantified by Spearman’s
rank correlation coefficient. For categorical data, the differences in proportions
between groups were analyzed using the generalized Fisher’s exact test and Pear-
son’s χ2 test in a contingency table. All statistical tests were evaluated at a signif-
icance level of 0.05.

RESULTS

The basic demographic study data for all 3 study groups are presented in
Table I. No significant differences among the groups were found. There was no
in-department death; the median in-department length of stay was 6 days (min-

Table I. Basic Demographic Characteristics

Group A (n = 23) Group B (n = 22) Group C (n = 20) P

Age (years)
Gender (male/female)
(no. of pts, percentage)
Weight (kg)
Additive EuroSCORE 
Logistic EuroSCORE

Arithm.

Arithm.
Arithm.
Geom.

66.7 (62.5;70.8)
18 (78%) / 5

85.2 (79.1;91.3)
3.17 (1.97;4.38)
2.21 (1.52;3.20)

66.1 (61.9;70.3)
17 (77%) / 5

83.5 (77.3;89.7)
3.82 (2.81;4.83)
2.76 (2.02;3.78)

65.2 (61.5;68.8)
12 (60%) / 8

80.8 (73.6;88.0)
3.55 (2.47;4.63)
2.51 (1.78;3.54)

0.860
0.334

0.610
0.683
0.624

Data are presented as arithmetic means (arithm.) or geometric means (geom.) and 95% confidence 
intervals, unless otherwise specified.
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max 4-13) and all patients were discharged home or to other health care facilities
for the completion of postoperative rehabilitation. One patient originally random-
ized to group B was intraoperatively (but before initiating revascularization) con-
verted to group A due to the presence of small intramuscular coronary arteries.
One patient from group C was reinfused by collected shed blood (900 mL) during
cardiopulmonary bypass; the data for this 63-year-old lady (Additive Euro-
SCORE 2, Logistic EuroSCORE 1.59, number of bypasses,4) were entered into
the demographic description, but her ensuing results were withdrawn from the
study. Four patients (1 originating from group A, 1 from group B, and 2 from
group C) underwent re-exploration postoperatively with the finding of an evident
surgical source of bleeding, and so their following postoperative data were also

Table II. Basic Haematological Characteristics

Group A (n = 23)a Group B (n = 22) a Group C (n = 19) a P

Preoperative
Haematocrit
Haemoglobin (g dL-1)
Platelet count (109 L-1)
INR
aPTT (sec.)
Fibrinogen (g L-1)
AT III (%)

Geom.
Geom.
Geom.
Geom.
Geom.
Geom.
Arithm.

42.37 (40.57;44.26)
14.25 (13.61;14.91)
230.7 (209.2;254.4)
1.05 (1.03;1.07)

35.36 (33.20;37.65)
4.25 (3.85;4.68)
97.2 (91.7;102.7)

42.73 (40.54;45.04)
14.70 (14.11;15.32)
235.9 (217.6;255.6)
1.05 (1.03;1.08)

33.67 (32.01;35.42)
4.47 (4.07;4.92)

101.3 (95.2;107.4)

40.52 (34.00;48.29)
14.85 (14.34;15.38)
260.0 (233.4;289.7)
1.03 (1.00;1.05)

35.07 (32.70;37.62)
4.51 (4.06;5.02)
95.5 (90.0;101.1)

0.741
0.311
0.169
0.162
0.446
0.615
0.335

Postoperative (at the end of procedures)
Haematocrit
Haemoglobin (g dL-1)
Platelet count (109 L-1)
INR
aPTT (sec.)
Fibrinogen (g L-1)
AT III (%)
ACT

Geom.
Geom.
Geom.
Geom.
Geom.
Geom.
Arithm.
Geom.

36.85 (34.61;39.24)
12.11 (11.37;12.90)
160.0 (141.0;181.4)
1.35 (1.31;1.39)

33.81 (32.25;35.44)
3.26 (2.87;3.70)
77.3 (73.5;81.1)

130.0 (124.4;136.0)

37.48 (35.63;39.44)
12.49 (11.93;13.08)
175.8 (159.3;194.0)
1.28 (1.23;1.33)

41.37 (35.11;48.76)
3.33 (3.00;3.69)
74.0 (68.5;79.6)

140.8 (131.8;150.5)

37.04 (34.85;39.38)
12.13 (11.41;12.88)
165.1 (144.3;189.0)
1.40 (1.36;1.45)

42.08 (33.68;52.58)
3.25 (2.88;3.66)
69.7 (65.0;74.5)

133.0 (126.5;139.8)

0.905
0.659
0.488
0.001
0.066
0.947
0.076
0.085

Postoperative (24 hours after the end of surgery)
Haematocrit
Haemoglobin (g dL-1)
Platelet count (109 L-1)
INR
aPTT (sec.)
Fibrinogen (g L-1)
AT III (%)

Geom.
Geom.
Geom.
Geom.
Geom.
Geom.
Arithm.

30.33 (28.90;31.84)
10.24 (9.73;10.77)
169.4 (154.0;186.5)
1.24 (1.20;1.27)

36.61 (34.87;38.44)
4.70 (4.26;5.18)
78.3 (74.3;82.4)

31.94 (30.21;33.76)
10.96 (10.35;11.61)
186.1 (168.8;205.2)
1.26 (1.21;1.32)

41.77 (36.26;48.13)
4.40 (4.07;4.75)
73.6 (68.8;78.4)

29.37 (28.06;30.74)
9.91 (9.51;10.33)

160.0 (121.5;210.6)
1.26 (1.20;1.32)

41.97 (33.87;52.01)
4.26 (3.89;4.66)
71.2 (65.9;76.5)

0.063
0.020
0.378
0.715
0.242
0.257
0.076

Data are presented as arithmetic means (arithm.) or geometric means (geom.) and 95% confidence intervals.
aPTT indicates activated partial thromboplastin time; AT III, antithrombin; and INR, international normalized 
ratio of prothrombin time. 
a At sampling time 24 hours after the end of surgery 4 patients with postoperative re-exploration were excluded (1 
originating from group A, 1 from group B, 2 from group C).
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not included in the study.
The means and corresponding 95% confidence intervals of the basic preop-

erative haematological variables can be found in Table II. The 3 groups showed
comparable characteristics. The differences between groups in the mean number
of grafts (Table III) were close to the significance level (P = 0.059) due to the
lower number of grafts per patient in group B. The mean intraoperative blood loss
was slightly higher in group C (in this group the volume of blood collected in the
separate reservoir - median 150 mL, min-max 100-650 mL - was included in the
evaluated blood loss). Neither cardiopulmonary bypass nor aortic clamp dura-
tions showed any differences between groups A and C.

The basic postoperative haematological characteristics are also presented in
Table II. A statistically significant intergroup difference was detected in the inter-
national normalized ratio of prothrombin time (INR). Patients in group B showed
slightly lower mean INR values compared to the other two groups. The maximum
individual INR value did not exceed 1.58 in any group. Apparent but still nonsig-
nificant differences between groups were observed in activated partial thrombo-
plastin time (aPTT); the increase in geometric means in groups B and C was
caused by several patients with remarkably high values.

Postoperative blood loss (in 24 hours) was as follows (geometric means and
95% confidence intervals): 686.7 (570.8; 826.1) mL, 555.3 (441.3; 698.9) mL,
and 775.6 (645.1; 932.3) mL in groups A, B, and C, respectively. The highest
mean postoperative blood loss was observed in group C, while the lowest mean
blood loss was detected in group B. The difference between groups did not reach
statistical significance (P = 0.157). At 24 hours after the end of surgery for both
haematocrit and haemoglobin parameters the lowest mean values were seen in
group C and the highest mean values in group B (Table II). Only one patient in
each group was retransfused by packed red cells intraoperatively. The number of
patients retransfused postoperatively with packed red cells was 9 (40.9%), 5

Table III. Basic Intraoperative Characteristics

Group A (n = 23) Group B (n = 22) Group C (n = 19) P

Operating time (min.)
Number of grafts
Blood loss (mL)
CPB duration (min.)
AC duration (min.)

Geom.
Arithm.
Geom.
Geom.

166.1 (151.5;182.1)
2.43 (2.12;2.75)

326.0 (269.1;394.9)
41.86 (37.40;46.84)
24.10 (21.66;26.80)

153.3 (137.9;170.3)
2.09 (1.73;2.45)

346.2 (258.6;463.6)
-
-

166.2 (146.8;188.2)
2.63 (2.34;2.92)

441.9 (354.3;551.1)
42.22 (37.58;47.42)
24.54 (21.40;28.15)

0.433
0.059
0.066
0.943
0.728

Data are presented as arithmetic means (arithm.) or geometric means (geom.) and 95% confidence intervals.
AC indicates aortic clamp; aPTT, activated partial thromboplastin time; AT III, antithrombin; CPB, cardiopul-
monary bypass; and INR, international normalized ratio of prothrombin time.
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Table IV. Comparison of Thromboelastographic Parameters at Monitored Time Points

Time point Group A (n = 23)a Group B (n = 22)a Group C (n = 19)a P

t1

CT [sec]
CFT [sec]
MCF [mm]
Alpha-angle [°]
LOT (30 min.)
LOT (60 min.)
LOT (150 min.)

t2

CT [sec]
CFT [sec]
MCF [mm]
Alpha-angle [°]
LOT (30 min.)
LOT (60 min.)
LOT (150 min.)

t3

CT [sec]
CFT [sec]
MCF [mm]
Alpha-angle [°]
LOT (30 min.)
LOT (60 min.)
LOT (150 min.)

t4

CT [sec]
CFT [sec]
MCF [mm]
Alpha-angle [°]
LOT (30 min.)
LOT (60 min.)
LOT (150 min.)

t5

CT [sec]
CFT [sec]
MCF [mm]
Alpha-angle [°]
LOT (30 min.)
LOT (60 min.)
LOT (150 min.)

Geom.
Geom.
Arithm.
Arithm.
Arithm.
Arithm.
Arithm.

Geom.
Geom.
Arithm.
Arithm.
Arithm.
Arithm.
Arithm.

Geom.
Geom.
Arithm.
Arithm.
Arithm.
Arithm.
Arithm.

Geom.
Geom.
Arithm.
Arithm.
Arithm.
Arithm.
Arithm.

Geom.
Geom.
Arithm.
Arithm.
Arithm.
Arithm.
Arithm.

59.5 (54.6;64.8)
66.4 (60.2;73.2)
69.7 (65.5;73.8)
77.1 (75.9;78.3)
97.9 (97.6;98.1)
93.7 (92.5;94.8)
84.5 (82.3;86.6)

87.2 (64.1;118.7)
78.8 (64.1;97.0)
63.9 (61.0;66.7)
73.5 (69.9;77.1)
97.6 (97.0;98.1)
94.3 (93.2;95.4)
86.4 (83.8;89.0)

110.5 (90.4;135.1)
90.0 (80.4;100.8)
58.6 (56.1;61.0)
72.1 (70.1;74.1)
96.9 (95.1;98.7)
76.3 (62.0;90.6)
42.4 (24.9;59.9)

68.7 (54.1;87.1)
78.1 (70.1;86.9)
64.7 (62.4;66.9)
74.7 (73.2;76.1)
98.0 (97.9;98.0)
95.6 (94.6;96.6)
82.1 (74.3;89.9)

62.5 (48.8;79.9)
66.8 (59.2;75.4)
70.9 (66.6;75.1)
76.7 (75.2;78.3)
97.9 (97.7;98.1)
93.8 (92.5;95.0)
84.7 (82.4;86.9)

52.0 (43.4;62.3)
73.6 (63.0;85.9)
70.4 (64.6;76.2)
75.4 (73.7;77.1)
98.0 (98.0;98.0)
92.9 (92.0;93.7)
82.8 (81.1;84.5)

76.2 (59.6;97.4)
71.9 (63.0;82.1)
64.5 (61.9;67.0)
75.1 (73.3;76.9)
97.8 (97.6;98.0)
93.3 (92.1;94.4)
83.0 (80.7;85.3)

127.7 (100.7;161.9)
82.8 (72.1;95.0)
62.8 (59.1;66.6)
72.8 (70.5;75.1)
97.8 (97.4;98.2)
93.6 (92.4;94.9)
82.3 (80.2;84.4)

73.9 (64.2;85.2)
67.3 (59.9;75.7)
65.5 (63.4;67.6)
76.5 (75.0;77.9)
97.9 (97.8;98.0)
93.5 (92.1;94.9)
83.7 (81.8;85.7)

64.3 (54.4;75.9)
69.9 (63.1;77.3)
73.6 (69.1;78.1)
76.3 (75.1;77.5)
98.0 (98.0;98.0)
93.0 (91.8;94.1)
83.6 (81.5;85.7)

62.6 (58.3;67.2)
71.8 (61.4;83.9)
68.5 (62.7;74.2)
75.2 (73.1;77.2)
97.9 (97.8;98.1)
93.9 (92.8;95.0)
83.8 (82.5;85.1)

80.9 (64.5;101.5)
73.6 (65.0;83.3)
65.3 (63.2;67.3)
74.8 (73.0;76.6)
97.9 (97.7;98.0)
94.1 (92.6;95.5)
84.7 (82.6;86.9)

136.7 (103.7;180.1)
104.2 (85.5;127.0)

60.3 (55.3;65.2)
68.6 (64.3;72.9)
98.0 (98.0;98.0)
96.3 (95.2;97.3)
85.1 (82.8;87.4)

72.3 (56.9;91.8)
76.7 (68.0;86.5)
65.9 (63.7;68.1)
74.6 (72.6;76.6)
97.9 (97.8;98.1)
95.1 (93.8;96.4)
86.2 (84.1;88.2)

58.2 (50.3;67.3)
70.3 (59.3;83.3)
66.9 (63.7;70.2)
76.2 (74.4;78.1)
97.9 (97.8;98.1)
93.4 (92.4;94.3)
83.8 (82.0;85.5)

0.094
0.498
0.867
0.155
0.542
0.305
0.401

0.746
0.684
0.730
0.609
0.387
0.431
0.113

0.404
0.087
0.225
0.088
0.340
0.003

< 0.001

0.861
0.118
0.695
0.162
0.796
0.038
0.519

0.759
0.815
0.078
0.876
0.569
0.571
0.714

Data are presented as arithmetic means (arithm.) or geometric means (geom.) and 95% confidence intervals. 
Sampling time points: t1 = pre-operatively; t2 = 15 minutes after sternotomy; t3 = on the completion of peripheral 
bypass anastomoses; t4 = at the end of the procedures; t5 = 24 hours after the end of surgery. a At sampling time 
t5, 4 patients with postoperative re-exploration were excluded (1 originating from group A, 1 from group B, 2 
from group C).
CFT indicates clot formation time (time from the initiation of clotting to the detection of a clot firmness 20 
mm); CT, clotting time (time from the start of measurement to the initiation of clotting); LOT, lysis onset time 
(at 30, 60, and 150 minutes of assessment); and MCF, maximum clot firmness (maximum stabilization of the 
clot).
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(23.8%), and 9 (52.9%) in groups A, B, and C, respectively. The differences in
proportions are not significant (P = 0.176), although transfusion requirements
were lower in group B as compared to the other two groups. The number of
patients retransfused postoperatively with fresh frozen plasma was 14 (63.6%), 9
(42.9%), and 9 (52.9%) in groups A, B, and C, respectively. None of the patients
received fresh frozen plasma intraoperatively.

Comparison of thromboelastographic variables at the monitored time points
is given in Table IV. While all examined parameters were similar in groups A, B
and C for sampling times t1, t2, t4 and t5, at sampling time t3 (on the completion of
peripheral bypass anastomoses) highly significant intergroup differences were
found in the most important parameter for detection of fibrinolysis - lysis onset
time (LOT) - LOT (60 min.) (P = 0.003) and in LOT (150 min.) (P <  0.001). The
mean values of these parameters were significantly lower in group A as compared

Figure 1. Association between LOT (150 min.) in sampling time t3 and postoperative blood
loss (24 hrs), group A.

Table V. Time Course of D-dimer Levels (ng mL-1)

Time point Group A (n = 22) Group B (n = 21) Group C (n = 17) P

Preoperatively
End of procedures
24 hrs after surgery

Geom.
Geom.
Geom.

384.7 (247.4;598.3)
1146.7 (907.5;1449.0)
1032.5 (832.3;1281.0)

634.2 (476.3;844.6)
523.7 (392.1;699.5)

1524.1 (1201.1;1933.9)

434.4 (314.4;600.3)
438.8 (285.1;675.3)

1139.1 (866.2;1498.1)

0.107
< 0.001

0.046

Data are presented as geometric means (geom.) and 95% confidence intervals.
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with both groups B and C, which were statistically indistinguishable; LOT (60
min.) (P = 0.968), LOT (150 min.) (P = 0.979). Parameter LOT (150 min.) lower
than 50% of maximum clot firmness was detected in 12 (52.2%) individual
patients originating from group A.

In group A, the association between LOT (150 min.) at sampling time t3 and
postoperative blood loss is shown in Figure 1. The Spearman correlation coeffi-
cient was 0.39 (P = 0.075) in this case. In patients with apparent ROTEM signs
of hyper-fibrinolysis (LOT equal to 0), a wide range of bleeding occurred (min-
max 440-1310 mL).

The time course of D-dimer levels is presented in Table V. A significant
increase in D-dimer levels was found in all groups. In group A the highest mean
value of D-dimer was already reached at the end of surgery, while in groups B
and C the maximum values were observed as late as on postoperative day 1. As a
consequence of this fact, a dramatic intergroup difference (P < 0.001) was found
at the end of procedures; the mean value of D-dimer in group A was distinct from
groups B and C (P = 0.001, P < 0.001, respectively), while the difference between
groups B and C was not significant (P = 0.231).

According to the mechanism of fibrinolysis expected at time t3, there was a
time delay of increased D-dimer levels expected at the end of procedures. In
group A, the relationship between LOT (150 min.) in sampling time t3 and D-
dimer levels at the end of procedures is given in Figure 2. The association
between the variables is insignificantly negative with a correlation coefficient

Figure. 2. Relationship between LOT (150 min.) in sampling time t3 and D-dimer
levels (at the end of surgery), group A.
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equal to -0.16 (P = 0.463). In patients with apparent ROTEM signs of hyperfi-
brinolysis (LOT equal to 0) there was a wide range of D-dimer levels (min-max
520-2210 ng/mL). Similarly at sampling time t4, the correlation between LOT
(150 min.) and D-dimer levels was low (0.02) and insignificant (P = 0.933). The
association between D-dimer levels at the end of procedures and postoperative
blood loss in group A is presented in Figure 3. Even though an upward trend indi-
cating a positive association is slightly noticeable on the scatterplot, the Spear-
man correlation coefficient is as low as 0.21 (P = 0.354).

The above-mentioned correlations for group A (with evident thromboelas-
tographic signs of fibrinolysis) supplemented with the results for groups B and C

Figure 3. Association between D-dimer levels (at the end of surgery) and postopera-
tive blood loss (24 hrs), group A.

Table VI. Spearman Correlation Coefficients Between Selected Variables for Groups A, B, and C

Group A Group B Group C

LOT (150 min.) at t3 versus blood loss
LOT (150 min.) at t3 versus D-dimer
LOT (150 min.) at t4 versus blood loss
LOT (150 min.) at t4 versus D-dimer
D-dimer versus blood loss

0.39 (P = 0.075)
-0.16 (P = 0.463)
-0.10 (P = 0.652)
0.02 (P = 0.933)
0.21 (P = 0.354)

-0.48 (P =0.027)
0.57 (P = 0.006)

-0.23 (P = 0.325)
0.45 (P = 0.037)

-0.29 (P = 0.21)

0.21 (P = 0.433)
-0.23 (P = 0.350)
0.16 (P = 0.547)
0.17 (P = 0.482)
0.14 (P = 0.580)

Data are presented as Spearman correlation coefficients and P-value for test of the hypothesis that 
correlation equals zero. Sampling time points: t3 = on the completion of peripheral bypass anasto-
moses; t4 = at the end of the procedures; D-dimer - D-dimer levels at the end of surgery; blood loss - 
postoperative blood loss in 24 hours.
LOT indicates lysis onset time (at 150 minutes of assessment). 
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are summarized in Table VI.
In this trial all surgeries were performed by 5 cardiac surgeons (providing

myocardial revascularization) and 5 assistant surgeons (opening the chest, har-
vesting left internal thoracic artery, and closing the sternotomy). No significant
differences in postoperative blood loss related to the cardiac surgeons (P = 0.849)
or assistant surgeons (P = 0.276) were found, although some distinctions between
assistant surgeons can be seen.

DISCUSSION

Our trial discovered moderately lower mean INR values in off-pump group
B compared to the other two on-pump groups, and 24 hours later the differences
between groups were statistically almost indistinguishable. This finding may be
explained by better preservation of the haemostatic system in off-pump sur-
gery;11) however, we consider these differences in INR fairly subtle.

The apparent thromboelastographic detection of fibrinolysis/hyperfibrinoly-
sis in conventional CABG (group A), but not in OPCAB (group B) and modified
cardiopulmonary bypass (group C) has already been published.12) This finding is
supported by the results of our prospective, randomized pilot study, which had
been realized previously with different patients.13) In that preliminary study we
had compared results in 20 patients scheduled for coronary surgery (10 patients
OPCAB, 10 patients conventional CABG). Completely expressed thromboelas-
tographic signs of hyperfibrinolysis had been detected in 2 on-pump patients and
partial signs of increased fibrinolytic activity had been noticed in another 2
patients originating from the same group, unlike the OPCAB group, in which no
signs of fibrinolysis had been observed. However, differences between the evalu-
ated groups in that trial had not reached statistical significance due to a small
number of study subjects.

Although in the present study about a half of the patients (52.2%) in group
A expressed thromboelastographic signs of fibrinolysis/hyperfibrinolysis during
the period of extracorporeal circulation, no exceptional bleeding tendency in this
group, as compared to groups B and C, and no correlation between these signs of
fibrinolytic activity and postoperative blood loss were found. The thromboelasto-
graphic signs of fibrinolysis resolved spontaneously and were not detectable at
the end of procedures and 24 hours later. Based on these observations we consider
the clear thromboelastographic finding of fibrinolysis/hyperfibrinolysis in con-
ventional CABG to be most likely without a real clinical impact. While the use of
thromboelastography has been investigated in various methods of general surgery
and orthopaedics, evaluation in a broad range of patients is clearly needed before
its recommendation for routine use in cardiac surgery.14,15) 
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In agreement with our results, OPCAB surgery has been shown to reduce
postoperative blood loss and the need for allogenic blood products, compared to
conventional CABG.16) Surprisingly, our expectations of decreased postoperative
blood loss and the subsequent reduction of allogenic blood transfusion were not
fulfilled in modified cardiopulmonary bypass group C with the use of biocompat-
ible coating and avoidance of reinfusion of suctioned fluids exposed to pericar-
dial and mediastinal surfaces (containing large amounts of cytokines, tissue
factor and tissue plasminogen activator) into the circuit.17) The possible explana-
tion is the fact that in group C only modified, but not really condensed (miniatur-
ized) closed “minimally invasive” cardiopulmonary bypass was used.18,19) The
influence of surgical team set-up in our trial on higher bleeding in group C seems
to be inconsequential.

The observation of significantly increased D-dimer levels in conventional
CABG group A at the end of surgery and the equalization of elevated D-dimer
levels between the on-pump group A and OPCAB group B 24 hours after the sur-
gery is in agreement with the findings of others.11,20,21) According to our observa-
tions, the time course of D-dimer levels in modified CABG (group C) is similar
to that in OPCAB surgery. In group A, a low and insignificant correlation
between LOT (150 min.) at sampling time t3 and D-dimer levels at the end of sur-
gery seems to be difficult to explain. To the best of our knowledge, this finding is
supported only by one formerly published communication.22) Presently, there is
not enough recent data in the available literature comparing thromboelasto-
graphic signs of fibrinolysis with relevant plasma markers.

In on-pump groups A and C no significant associations between LOT (150
min.), D-dimer levels, and postoperative blood loss were found. In off-pump
group B a negative correlation between LOT (150 min.) and postoperative blood
loss was observed, being significant at sampling time t3 and nonsignificant at t4.
Contrary to our expectations, a positive correlation between D-dimer levels at the
end of procedures and LOT (150 min.) was discovered in this group.

In conclusion, the present prospective, randomized study demonstrated that
thromboelastographic signs of fibrinolysis are clearly detectable in the important
proportion of coronary surgery patients operated on using conventional cardio-
pulmonary bypass, but not in off-pump patients and those operated on using the
biocompatible surface-modified circuit without reinfusion of cardiotomy suction
blood. The signs of fibrinolysis resolved spontaneously at the end of surgery and
were not associated with increased postoperative bleeding. No significant corre-
lation with D-dimer levels was found.
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