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Abstract: The coagulation-fibrinolytic profile during cardiopul-
monary bypass (CPB) has been widely documented. However,
less information is available on the possible persistence of these
alterations when autotransfusion is used in management of peri-
operative blood loss. This study was designed to explore the
influence of autotransfusion management on intravascular fibrin
degradation and postoperative transfusions. Thirty patients, un-
dergoing elective primary isolated coronary bypass grafting,
were randomly allocated either to a control group (group A; n �
15) or an intervention group (group B; n � 15) in which medi-
astinal and residual CPB blood was collected and processed by a
continuous autotransfusion system before re-infusion. Intravas-
cular fibrin degradation as indicated by D-dimer generation was
measured at five specific intervals and corrected for hemodilu-
tion. In addition, chest tube drainage and need for homologous
blood were monitored. D-dimer generation increased signifi-
cantly during CPB in group A, from 312 to 633 vs. 291 to 356
ng/mL in group B (p � .001). The unprocessed residual blood

(group A) revealed an unequivocal D-dimer elevation, 4131 ±
1063 vs. 279 ± 103 ng/mL for the processed residual in group B
(p < .001). Consequently, in the first post-CPB period, the intra-
vascular fibrin degradation was significantly elevated in group A
compared with group B (p � .001). Twenty hours postopera-
tively, no significant difference in D-dimer levels was detected
between both groups. However, a significant intra-group D-
dimer elevation pre- vs. postoperative was noticed from 312 to
828 ng/mL in group A and from 291 to 588 ng/mL in group B
(p < .01 for both). Postoperative chest tube drainage was higher
in the patients from group A, which also had the highest post-
operative D-dimer levels. Patients in group A perceived a higher
need for transfusions of red cells suspensions postoperatively.
These data clearly indicate that autotransfusion management
during and after CPB suppresses early postoperative fibrin deg-
radation. Keywords: cardiopulmonary bypass, cardiotomy suc-
tion, coronary surgery, autotransfusion, fibrin degradation.
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During cardiopulmonary bypass (CPB), exposure of
blood to large surgical wounds and conditions in the ex-
tracorporeal circuit, as well as reinfusion of shed blood
containing tissue factor and other activated coagulation

and fibrinolytic proteins, results in nonspecific (nonphysi-
ologic) activation of numerous plasmatic systems (1,2).

The complexity of these responses makes effective
therapeutical strategy a difficult challenge. Improvements
in hemocompatibility of the extracorporeal circuit, elimi-
nation of the air–surface interface in the reservoir, infu-
sion of antifibrinolytics, and washing and reinfusing of
shed red cells intraoperatively have been shown to affect
various factors of the blood coagulation system (2–7). Be-
cause activation of the clotting system during CPB is pre-
dominantly driven by the tissue factor pathway, one can
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expect a dysregulation of the hemostatic profile immedi-
ately after surgery with or without processing the residual
CPB blood before re-transfusion (8,9).

The aim of our study was to investigate the influence of
processing both shed mediastinal blood and residual CPB
blood, so-called autotransfusion management, before re-
transfusion on the intravascular fibrin degradation, mea-
sured as plasma D-dimer levels (10–12). In addition, chest
tube drainage and postoperative transfusion requirements
were monitored.

MATERIALS AND METHODS

Patients
Thirty adult patients, undergoing isolated primary elec-

tive myocardial re-vascularization, were enrolled in this
explorative clinical trial. The patients were randomly al-
located either to a control group (group A; n � 15) or an
intervention group (group B; n � 15) using sealed,
opaque, sequentially numbered envelopes. The sequence
of allocations was obtained from a computer-generated
random number list. In the intervention group, the medi-
astinal and residual CPB blood was processed by a
continuous autotransfusion system (CATS; Fresenius
HemoCare, Bad Homburg, Germany) before reinfusion,
using the quality wash protocol as described in the user
manual by the manufacturer. Clinicians in the intensive
care unit were blinded to the group.

Informed consent was obtained from each patient the
day before the operation. The study was approved by the
local ethical and research council. No patient had evidence
of severe heart failure, renal or hepatic dysfunction, or
preoperative coagulopathies. Moreover, no patient was
treated with coumarin derivatives or nonsteroidal anti-
inflammatory agents within 5 days before the operation.
All patients were on aspirin treatment before and after
their operation. The study patients were not to receive
antifibrinolytic agents during or after CPB.

Anesthesia and CPB
Anesthesia was induced with midazolam, sufentanil,

and pancuronium. All patients had Swan-Ganz and arte-
rial catheters placed. All subjects underwent standard
CPB using a closed heparin-coated extracorporeal system
(Bioline; Maquet Cardiopulmonary, Hirrlingen, Ger-
many). Before connection of the extracorporeal circuit for
CPB, each patient received 300 IU/kg porcine heparin to
achieve a kaolin-based activated coagulation time (ACT)
>480 seconds. If necessary, additional boluses of heparin
were administered to maintain an ACT >400 seconds dur-
ing bypass.

CPB was conducted using non-pulsatile flow. The pa-
tients were cooled to a blood temperature of 32–34°C, at
which a flow rate of 2.2–2.4 L/min/m2 and an arterial blood

pressure >50 mmHg was maintained. Myocardial protec-
tion was achieved using 600–1000 mL St. Thomas’ II car-
dioplegic solution at 4°C through the aortic root. Car-
diotomy suction, blood aspirated from the pericardium
and pleural space, was returned to a separate Bioline-
coated cardiotomy reservoir (Maquet Cardiopulmonary)
and retransfused either processed or unprocessed. On
completion of the distal anastomoses during a single pe-
riod of cross-clamping, the proximal anastomosis was per-
formed using a partial occluding clamp, while the rewarm-
ing of the patient to 37°C continued. After CPB, heparin
was reversed by 3 mg/kg protamine chloride. All pump
blood was returned to the patient through the aortic can-
nula or intravenously through infusion bags with or with-
out a cell-washing process.

Blood Sampling
During and after the operation, blood samples were col-

lected from each patient at five specific intervals: before
induction of anesthesia (baseline), after 200 mL car-
diotomy suction blood was collected (onset CPB), before
cessation of bypass (cessation CPB), and 2 and 20 hours
after arrival at the intensive care unit (2 hrs ICU and 20
hrs ICU). Additional samples were taken from the pro-
cessed or unprocessed residual CPB blood before retrans-
fusion (infusion bag).

In addition, the volume of the chest tube drainage was
noted 2 hours after arrival at the ICU, and the transfusion
requirements were noted during the entire ICU period.

Assay
Blood samples were collected in 2.5-mL Vacutainer

tubes containing a buffered citrate solution (0.109 mol/L),
theophylline, adenosine, and dipyridamole. Plasma for de-
termination of intravascular fibrin degradation (measured
as D-dimer levels) was obtained by centrifugation at 1500g
for 20 minutes and stored at −80°C until assayed. D-dimer
generation was measured using an immunoturbidimetric
assay (Tina-quant; Roche Diagnostics Nederland BV,
Almere, The Netherlands). Reference range for D-dimer
concentrations is <500 ng/mL. All samples were corrected
for hemodilution.

Statistics
The results were expressed as mean ± SE, except for

patient demographics, which were expressed as mean ±
SD. The Wilcoxon rank sum test was used to compare
groups (on fixed time parameters), whereas the Wilcoxon
signed ranks test was used to compare the groups on in-
crease of parameter over time. To study the association
between intravascular fibrin degradation and postopera-
tive chest tube drainage, Pearson test for linear correlation
was used. The �2 test was used to compare proportions.
p < .05 was considered statistical significant between mea-
sured values.
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RESULTS

Patient Demographics
Demographic data of patients in the experimental

groups are shown in Table 1. There was no significant
difference in baseline characteristics between the two
groups.

D-Dimer Levels
The impact of re-infusion of processed shed mediastinal

blood and residual CPB blood on fibrin degradation is
shown in Figure 1. Plasma D-dimer levels increased from
312 to 633 ng/mL during CPB in the control group com-
pared with a moderate increase from 291 to 356 ng/mL in
the intervention group (p � .001). D-dimer levels in un-
processed residual CPB blood (group A) were 15-fold
(p � .001) higher than the levels in processed residual
blood (group B). During the early postoperative period
(2 hrs ICU), a profound intravascular fibrin breakdown
was observed in group A (D-dimer level, 1849 vs. 580
ng/mL in group B, p � .001). Later (20 hrs ICU), no
significant difference in D-dimer levels was detected be-
tween both groups (p � .05). However, compared with
baseline values, a significant intra-group D-dimer eleva-
tion was noticed in the postoperative period (from 312 to
828 ng/mL in group A and from 291 to 588 ng/mL in group
B, p < .01 for both).

A positive, however statistically not significant, associa-
tion (r � 0.24, p � .22) was observed between intravas-
cular fibrin degradation and the volume of postoperative
chest tube drainage.

Chest Tube Drainage and Blood
Transfusion Requirements

The volume of fluid from chest tube drainage was high-
est in patients from group A, who also had the highest
D-dimer level (Figure 2).

A cross-tabulation for the postoperative transfusion re-
quirements in both groups is shown in Table 2. Although
statistically not significant, more patients in group A (67%
vs. 54% in group B, p � .05) received at least one packed
red cells concentrate postoperatively. In addition, up to
47% of patients in group A needed transfusion with two or

more red cell suspensions compared with only 13% of
patients in group B (p � .04).

DISCUSSION

During the past decade, increased attention was paid to
the so-called material-independent coagulation pathway
activation with inherent enhanced breakdown of fibrin
during and after CPB. In this study, we showed that au-
totransfusion management during and after CPB effec-

Table 1. Patients’ demographics.

Group A
(n � 15)

Group B
(n � 15)

Age (years) 66 ± 8 62 ± 11
Sex (male/female) 11/4 13/2
Body surface area (m2) 1.92 ± 0.10 2.03 ± 0.20
Bypass time (min) 86 ± 21 98 ± 25
Aortic cross-clamp time (min) 55 ± 17 57 ± 17

Data are shown as mean ± SD.

Figure 1. Plasma concentration (mean ± SE) of cross-linked fibrin deg-
radation products (D-dimer) during and after CPB in group A (bars) and
group B (cross-hatched bars). *Statistically significant difference be-
tween the two groups (p < .001). �Intra-group statistically significant
difference compared with baseline values (p < .01).

Figure 2. Relationship between plasma D-dimer levels and postopera-
tive chest tube drainage. Plasma D-dimer levels were arbitrary subdi-
vided into four groups. Each bar represents the amount of patients (in
percentage) from group A and group B (cross-hatched).

Table 2. Postoperative transfusion requirements in the control
(A) and intervention (B) group.

Group A
(n � 15)

Group B
(n � 15)

No transfusion 5 (33%) 7 (47%)
At least one PRC 10 (67%) 8 (54%)
At least two PRC 7 (47%) 2 (13%)*

*p < .05.
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tively suppresses the early postoperative D-dimer eleva-
tion in patients undergoing primary myocardial revascu-
larization.

Fibrin is a temporary and localized matrix that not only
covers a wound but also provides a structure that allows
easy access of invading cells during the complex events
that accompany healing. As part of the healing process,
most fibrin is removed by cooperative efforts of the fibri-
nolytic system, leukocytes, fibroblasts, and other inflam-
matory cells (13). Thus, fibrin formation and resolution
are fundamental tissue repair processes in the human
body. In our study, D-dimer was chosen as a plasma
marker for determining fibrinolytic activity. D-dimer is a
cross-linked fibrin degradation product that is released
from the clot on action of the endopeptidase plasmin and
constitutes a vital part of the wound healing process. This
remodeling process requires a balanced interaction be-
tween the cells involved (14). Retransfusion of unproc-
essed shed mediastinal and residual CPB blood acceler-
ates the activation of fibrin breakdown and might there-
fore influence the risk of bleeding. In contrast, washing
steps and concentration of blood cells before re-
transfusion resulted in a better-balanced fibrin formation,
tuning the fibrinolytic regulation postoperatively back to-
ward normal.

During CPB, the coagulation system is predominantly
triggered through the tissue factor pathway by re-
transfusion of highly thrombogenic blood aspirated from
the thoracic cavities (2,5,7). Consequently, mitigation of
the degree of activation and fibrin degradation can be
expected when the aspirated blood from the thoracic cavi-
ties is washed and concentrated before re-transfusion. In
our study, fibrin degradation was significantly lower in
group B at the moment of cessation of bypass compared
with group A. The increase in fibrinolytic activity during
CPB in group A can therefore be explained by thrombin-
mediated endothelial activation or injury rather than by
blood–material interaction or surgery per se. Previously, it
has been shown that increased levels of thrombin as found
during CPB stimulate the release of tissue-type plasmin-
ogen activator (t-PA) from endothelial cells (15). This ob-
servation has been corroborated recently by Oliver et al.
(16), who showed that active t-PA levels in blood repre-
sent endothelial dysfunction, thereby promoting endog-
enous fibrinolysis. After re-transfusion of processed re-
sidual CPB blood, a significant decrease in fibrin degra-
dation was noticed during the early postoperative period
(2 hrs ICU) compared with the control group. In contrast,
Daane et al. (8), using an uncoated extracorporeal circuit,
did not find such a decrease in fibrin degradation when
only the residual CPB blood was processed before re-
transfusion. This discrepancy can be explained by the po-
tential source of activated hemostatic components from
blood aspirated from the thoracic cavities, when only the

residual CPB blood is processed before re-transfusion.
Moreover, it has been shown that thrombin generation
during CPB is likely to be an important stimulus for acti-
vation of the fibrinolytic pathway in the early postopera-
tive period. A statistically significant correlation between
thrombin-antithrombin levels at the end of the operation
and plasmin-�2-antiplasmin levels 1 hour postoperatively
were observed (10). This observation suggest that hyper-
fibrinolysis after CPB is directly or at least indirectly me-
diated by activation of coagulation during CPB. There-
fore, we note that, to achieve clinical benefit from au-
totransfusion techniques during cardiac surgery, both the
shed mediastinal blood and residual CPB blood needs to
be cell washed before reinfusion.

The elevated systemic levels of D-dimers in our study
most likely represent a normal physiologic response rather
than a pathologic response such as disseminated intravas-
cular coagulation. In fact, as suggested by others, a mild
(500–1000 ng/mL) to moderate (1000–2000 ng/mL) in-
crease of D-dimer levels may result from clot remodeling
at the operative site (11,17). In addition, it should be noted
that significant alterations in dynamics of clot formation
and rate of remodeling (secondary fibrinolysis), as the pri-
mary cause of elevated D-dimers in patients undergoing
CPB, depends on the clinical setting. Returning shed me-
diastinal blood, inadequate systemic heparinization, and
hemodilution are factors that can aggravate thrombin gen-
eration driving secondary fibrinolysis (18).

Interestingly, patients in the control group with the
highest postoperative D-dimer levels also had the highest
volumes of chest tube drainage. Similar results were also
reported by Teufelsbauer et al. (10). This suggests that
early postoperative excess bleeding predisposes to in-
crease clot formation and subsequent clot remodeling
causing elevated D-dimer concentrations. However, to
further substantiate a causal relationship between the in-
crease in D-dimer and the risk of bleeding, it would be of
importance to administer an anti-fibrinolytic agent before
heparin reversal to see if such a treatment would correct
both the elevated D-dimer and decrease the bleeding.

Beside the enhanced fibrinolytic state, blood preserva-
tion during cardiac surgery is critically important because
of the inherent risks of homologous blood transfusions
(19,20). In open heart surgery, ∼70% of the patients un-
dergoing CPB receive at least one transfusion (20). In our
study, similar results were seen in group A (67%). In
group B, the need for blood transfusion tended to be
lower. It is tempting to speculate that the reduction in
blood transfusion requirements is caused by the higher
hemoglobin content of the processed blood. However, sys-
temically, no differences in hemoglobin levels were no-
ticed between the experimental groups (data not shown).
Whether our finding is related to the washout of bioactive
components and consequently reduction of blood loss al-
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tering the transfusion trigger needs to be further eluci-
dated. Nevertheless, this explorative clinical study showed
that autotransfusion management during and after CPB
reduces the perceived need for transfusion of allogeneic
red blood cell suspensions in patients undergoing primary
myocardial re-vascularization. The ability to reduce blood
transfusions may, in part, favorably affect patient out-
comes and overall health care costs.

In conclusion, processing shed mediastinal blood and
residual CPB blood suppresses the early postoperative fi-
brin degradation and may therefore move hemostatic
regulation back toward normal.
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