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Activation of Coagulation and Fibrinolysis during
Coronary Surgery

On-pump versus Off-pump Techniques
Valter Casati, M.D.,* Chiara Gerli, M.D.,† Annalisa Franco, M.D.,† Patrizia Della Valle, B.S.,‡ Stefano Benussi, M.D.,§
Ottavio Alfieri, M.D.,i Giorgio Torri, M.D.,# Armando D’Angelo, M.D.**

Background: The authors studied the changes in selected
hemostatic variables in patients undergoing coronary surgery
with on-pump coronary artery bypass grafting (CABG) or off-
pump coronary artery bypass surgery (OPCAB) techniques.

Methods: Platelet counts and plasma concentrations of anti-
thrombin, fibrinogen, D dimer, a2 antiplasmin, and plasmino-
gen were measured preoperatively, 5 min after administration
of heparin, 10 min after arrival in the intensive care unit, and
24 h after surgery in patients scheduled to undergo OPCAB (n 5
15) or CABG (n 5 15). To correct for dilution, hemostatic vari-
ables and platelet counts were adjusted for the changes in
immunoglobulin G plasma concentrations and hematocrit,
respectively.

Results: Adjusting for dilution, antithrombin and fibrinogen
concentrations decreased to a similar extent in patients under-
going OPCAB or CABG (pooled means and 95% confidence
limits of the mean: 95.5% of baseline, 93–98%, P 5 0.002, and
91.7% of baseline, 88–95%, P 5 0.0001), respectively, whereas
a2-antiplasmin concentrations were unchanged. Only CABG
was associated with a reduction in platelet counts (76% of
baseline, 66–85%, P 5 0.0001), plasminogen concentrations
(96% of baseline, 91–99%, P 5 0.011), and increased D-dimer
formation (476%, 309–741%, P 5 0.004). Twenty-four hours
after surgery, platelet counts were still lower in patients under-
going CABG (P 5 0.049), but all the investigated variables ad-
justed for dilution were similar in the two groups.

Conclusions: Coronary surgery causes a net consumption of
antithrombin and fibrinogen. A transient decrease in platelet
counts, with plasminogen activation and increased D-dimer
formation, however, is only observed with CABG. Twenty-four
hours after surgery, the hemostatic profiles of patients in both
groups are similar.

DESPITE efforts to improve the biocompatibility of the
circuits for extracorporeal circulation, activation of in-
flammatory pathways of coagulation and fibrinolysis re-
mains of major concern for the potential pathologic
consequences. The inflammatory response to cardiopul-
monary bypass (CPB) rarely leads to clinically relevant

organ dysfunction,1–3 but perioperative bleeding syn-
dromes are not uncommon complications of CPB.4 The
resulting increased need for transfusion therapy and for
surgical reexploration may result in increased morbidity
and mortality.5,6

Beating-heart coronary surgery without the use of CPB
was proposed long ago. Kolessov7 used this technique in
the 1960s to perform the first myocardial revasculariza-
tions with the left internal mammary artery to the left
anterior descending coronary artery. However, technical
difficulties in performing adequate anastomoses, partic-
ularly in the territory of the circumflex coronary artery,
resulted in abandonment of this technique and greater
use of CPB. Recently, through the introduction of better
techniques and stabilizing systems, off-pump coronary
artery bypass surgery (OPCAB) has gained in populari-
ty.8–10 One of the proven advantages of avoiding CPB in
coronary surgery is a significant reduction of periopera-
tive bleeding.11 OPCAB may affect hemostatic compe-
tence to a lesser degree than coronary artery bypass
grafting with CPB (CABG) does, but no study has directly
compared hemostatic variables in patients undergoing
coronary surgery with the two techniques. The aim of
the current study was to compare the changes in se-
lected coagulation and fibrinolysis variables in patients
undergoing CABG or OPCAB.

Methods

After institutional review board approval (Ethical Com-
mittee, San Raffaele Hospital, Milan, Italy), 15 patients
scheduled to undergo elective coronary surgery with
CPB and 15 patients scheduled to undergo beating-heart
coronary surgery, enrolled from November 1998 to Jan-
uary 1999, were prospectively studied after informed
consent was obtained. The choice of surgical technique
was established with predetermined criteria. Indications
for OPCAB were as follows: (1) single-vessel disease
involving the anterior descending coronary artery, with-
out the possibility to have a catheter-based intervention;
(2) restenosis after angioplasty or stent placement; and
(3) multivessel coronary disease in patients for whom
CPB was contraindicated because of associated comor-
bid conditions (severe chronic obstructive pulmonary
disease, chronic renal insufficiency on dialysis, cerebro-
vascular diseases, severe peripheral vascular disease).
For homogeneity purposes, patients were included in
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the CABG group only if three or fewer distal anastomo-
ses were to be performed. Preoperative exclusion crite-
ria from the study were history of hematologic disorders
and liver disease (active chronic hepatitis, cirrhosis).
Patients were enrolled in the study irrespective of pre-
operative treatment with aspirin or heparin.

Surgical Protocol
All patients were premedicated with intramuscular sco-

polamine (0.5 mg), intramuscular morphine (0.1 mg/kg), and
oral diazepam (0.1 mg/kg). Anesthesia was induced with
fentanyl (0.02 mg/kg) and propofol (2 mg/kg) or mida-
zolam (0.15 mg/kg) in patients with reduced cardiac
function, defined as left ventricular ejection fraction be-
low 35%; muscle relaxation was obtained with pancuro-
nium bromide (0.1 mg/kg). Anesthesia was maintained
with fentanyl (up to 0.05 mg/kg), an infusion of propofol
(6–10 mg · kg21 · h21), or midazolam (0.1–0.2 mg · kg21

· h21) in patients with reduced left ventricular ejection
fraction, and isoflurane and pancuronium as needed. All
patients underwent surgery through a full median ster-
notomy. The left internal thoracic artery was harvested
in each patient with a conventional pleurotomy access;
if necessary, a tract of saphenous vein was also isolated.
No patient had isovolemic hemodilution or received
perioperative antifibrinolytic drugs.

CABG Technique. Before aortic cannulation, porcine
mucous heparin (3 mg/kg) was administered to obtain,
during CPB, a celite-activated coagulation time (ACT)
(Hemocron 8000, International Technidyne Corp., Edi-
son, NJ) greater than 480 s. The circuit for CPB included
a centrifugal pump, warranting a nonpulsatile blood
flow, and a hollow fiber membrane oxygenator (Com-
pact Flow D 708; Dideco, Mirandola, Italy). Blood tem-
perature was kept between 32–35°C. Myocardial protec-
tion during aortic cross-clamping was achieved with the
Buckberg method of blood cardioplegia.12 At the end of
CPB, heparin was antagonized with protamine sulphate
(1:1 ratio); further doses of 50 mg were eventually ad-
ministered to obtain an ACT equal or shorter than base-
line. The remaining blood in the circuit and blood loss
aspired by the surgical field were concentrated with a
cell separator (Compact Advanced; Dideco) and
reinfused.

OPCAB Technique. After opening the pericardium, a
heparin dose of 1 mg/kg was administered, and an ACT
greater than 250 s was maintained with supplemental
doses of 50 mg until completion of the anastomoses. A
stabilizer system (Octopus System; Medtronic Inc., Min-
neapolis, MN) was positioned in the sternal wound. No
drugs were administered to decrease heart frequency.
Coronary arteries were occluded, proximally and dis-
tally, by a 4-0 polytetrafluoroethylene suture passed
through a silicone tube to avoid direct contact between
the suture and the vessel wall. After completion of re-
vascularization, the heparin effect was reversed with

protamine sulphate (ratio 1:1), and further doses of 50
mg were administered, when needed, to obtain an ACT
equal to or shorter than baseline. Only in the case of
significant intraoperative bleeding, a cell separator was
used to concentrate the blood loss, and this blood was
reinfused. Requirement for intraoperative and postoper-
ative allogeneic transfusions and the amount of postop-
erative bleeding in the first 24 h after surgery were
recorded in all patients.

Blood Sampling and Processing
Venous samples were obtained through the heparin-

ized distal line of the central venous catheter and were
collected in siliconized Vacutainer tubes (Becton Dick-
inson, Plymouth, United Kingdom) after induction of
anesthesia (time 1), 5 min after administration of heparin
(time 2), 10 min after arrival in the intensive care unit
(time 3), and 24 h after the end of surgery (time 4).
All samples were obtained with a two-syringe technique:
10 ml blood was aspired in the first syringe and dis-
carded. Blood obtained with the second syringe was
dispensed in test tubes containing 5.4 mg K2-ethyl-
enediaminetetracetic acid (3.0 ml) or 3.8% sodium
citrate (1:9, vol:vol; 3.6 ml). Within 1 h after blood
collection, citrated platelet-poor plasma was obtained by
centrifugation for 20 min at 2,000g at room temperature.

Prothrombin time and activated partial thromboplastin
time were measured from fresh plasma samples. Aliquots
of platelet-poor plasma (0.5 ml) were snap-frozen and
stored at 280°C until assay.

Assay Methods
Hematocrit, hemoglobin, and platelet counts were

measured with an automated analyzer (HST 402; Sismex
Corporation, Kobe, Japan). All determinations of hemo-
static variables were performed with a fully automated
coagulometer (STA; Diagnostica Stago, Asnier sur Seine,
France). Reagents for activated partial thromboplastin
time (STA APTT Kaolin), fibrinogen (clotting assay, STA
Fibrinogen), antithrombin (amidolytic activity, STA Anti-
thrombin III), a2-antiplasmin (amidolytic activity, STA An-
tiplasmin), and quantitative D-dimer determinations (immu-
noturbidimetric assay, STA Liatest D-DI), were obtained
from Roche Diagnostic (Mannheim, Germany).

Prothrombin times were measured with Hemoliance
Recombiplastin IL (Instrumentation Laboratory, Lexing-
ton, MA), and plasminogen concentrations (amidolytic
activity) were measured with the Coamatic kit (substrate
S-2403; Chromogenix AB, Mölndal, Sweden). Activated
partial thromboplastin time and prothrombin time re-
sults were expressed as ratios using as denominators the
activated partial thromboplastin times and prothrombin
times measured in normal pooled plasma obtained from
40 healthy volunteers. The same normal pooled plas-
ma—arbitrarily given a value of 100%—was used to con-
struct calibration curves for all the amidolytic assays.
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Plasma immunoglobulin (Ig) G concentrations were
measured by immunonephelometry (Tina-Quant IgG Kit;
Boehringer, Mannheim, Germany) in a Modular Hitachi
917 (Roche Diagnostic).

Statistical Methods
Normality of the distribution of continuous variables

was tested by the Shapiro-Wilks test. Means (6 SDs, 95%
confidence limits of the mean, or both) or medians (and
interquartile ranges) for non–normally distributed con-
tinuous variables were compared by the Student t test
(two-tailed) or the Mann–Whitney U test, respectively.
Discrete variables were analyzed with the chi-square test
or the Fisher exact test as appropriate.

The changes in laboratory variables for patients under-
going the two modalities of surgery between times 1 and
2, times 2 and 3, times 3 and 4, and times 1 and 4 were
tested by two-way analysis of variance. D-dimer values
were log-transformed to obtain normal distributions. The
analysis was conducted for both unadjusted data and for
data adjusted for dilution, with the latter data expressed
as percent variations over time 1. Hemostatic variables
were adjusted for dilution using the correction factor
[IgG]initial 2 [IgG]timepoint/[IgG]initial. Platelet counts
were adjusted using the correction factor [Platelet
count]initial2[Plateletcount]timepoint/[Plateletcount]initial.
Post hoc comparisons were performed with the Student
t test for paired or nonpaired data (two-tailed) and ap-
plying the Bonferroni correction. Dependency of the
changes in laboratory variables (adjusted for dilution) at
time 3 on the total surgical time was analyzed by least-
square linear regression. All analysis was performed with
the SPSS 6.0 statistical package (SPSS Inc., Chicago, IL).

Results

The two groups of patients undergoing either CABG or
OPCAB were homogeneous for demographic and clini-
cal characteristics at baseline (table 1). As expected, the
two modalities of surgery differed for the doses of hep-
arin and protamine administered, CPB time, aortic cross-
clamping time, and total surgical time (table 2). Postop-
erative bleeding and the amount of perioperative
allogeneic transfusions were similar in the two groups of
patients (table 2).

Surgery-dependent Changes in Laboratory
Variables
After induction of anesthesia (time 1), the investigated

laboratory variables were all similar in the two groups of
patients (P $ 0.16) (table 3).

At time 2, hemoglobin, hematocrit, platelet counts,
and D-dimer concentrations were unchanged in both
groups of patients (P $ 0.08). Prothrombin time ratios
were increased in both groups of patients (P 5 0.0001),
and because of the higher doses of heparin administered,

patients undergoing CABG had greater prothrombin
time ratios than patients undergoing OPCAB did (P 5
0.0001). Activated partial thromboplastin time determi-
nations were not performed because of the much higher
sensitivity to heparin of the assay. All the remaining
variables decreased significantly and to a similar extent
in both groups of patients (P # 0.004).

Between times 2 and 3, all the laboratory variables
showed a significant decrease in both groups of patients (P
# 0.001), with the exception of D-dimer concentrations. At
time 3, hematocrits (P 5 0.013), platelet counts (P
50.0001), and fibrinogen concentrations (P 5 0.013) were
lower in CABG patients than in OPCAB patients. In addi-
tion, two-way analysis of variance showed significant inter-
actions between time and the modality of surgery for he-
moglobin (P 5 0.023), prothrombin time (P 5 0.0001),
antithrombin (P 5 0.008), and plasminogen concentrations
(P 5 0.004), but post hoc analysis did not reach statistical
significance in the comparison of the two groups of pa-
tients. Between times 2 and 3, D-dimer concentrations
increased significantly only in CABG patients (P 5 0.0001),
and they were higher at time 3 in CABG patients than in
OPCAB patients (P 5 0.005).

Between times 3 and 4, significant increases in fibrin-
ogen (P 5 0.0001) and a2-antiplasmin concentrations
(P 5 0.0001) were observed in both groups of patients.
At time 4, hemoglobin (P 5 0.02), hematocrit (P 5
0.01), and platelet counts (P 5 0.049) were significantly
lower in CABG than in OPCAB patients, while all the
remaining hemostatic variables considered were similar
in the two groups of patients. In both groups, fibrinogen
(P 5 0.0001) and a2-antiplasmin concentrations (P 5
0.04) were higher at time 4 than at time 1.

Plasma IgG concentrations, not reported to be influ-
enced by surgery in the short term, were measured as a

Table 1. Baseline Characteristics

Variable
OPCAB Group

(N 5 15)
CABG Group

(N 5 15) P*

Age (yr) 61 6 10 59 6 9 0.6
Sex, N (%) male 13 (87) 13 (87) 1
Height (cm) 167 6 7 171 6 6 0.09
Weight (kg) 73 6 9 74 6 8 0.6
Baseline ejection fraction (%) 45 6 15 53 6 12 0.1
Previous AMI, N (%) 7 (47) 5 (33) 0.4
Coexisting illness, N (%)

Hypertension 8 (53) 8 (53) 1
Diabetes 4 (27) 3 (20) 0.5
Peripheral vascular
disease

1 (7) 3 (20) 0.3

COPD 4 (27) 3 (20) 0.5
Preoperative aspirin, N (%) 6 (40) 5 (33) 0.7
Preoperative heparin, N (%) 3 (20) 3 (20) 1

Plus-minus values are mean 6 SD.

* t test, chi-square test, or Fisher exact test as appropriate; significance for
P , 0.05.

AMI 5 acute myocardial infarction; CABG 5 on-pump coronary artery bypass
grafting; COPD 5 chronic obstructive pulmonary disease; OPCAB 5 off-
pump artery bypass grafting.
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marker of the degree of plasma dilution occurring with
the two surgical modalities, of blood loss, and of the
exchange of plasma proteins with the extravascular
spaces. At time 2, IgG concentrations were significantly
reduced with respect to time 1 (P 5 0.0001), and they
were similar in the two groups of patients. Between
times 2 and 3, a further decrease in IgG concentrations
was observed (P # 0.002), which was greater in CABG
patients than in OPCAB patients (P 5 0.006). At time 4,
IgG concentrations were similar in the two groups of
patients, and they were lower than those recorded at
time 3 (P 5 0.021) and at time 1 (P 5 0.0001).

Surgery-dependent Changes in Laboratory
Variables Adjusted for Dilution
Percent variations over time 1 in platelet counts, ad-

justed at times 2, 3, and 4 for the changes in hematocrit

and in hemostatic variables and adjusted at times 2, 3,
and 4 for the changes in IgG concentrations are shown
in table 4.

At time 2, all the adjusted variables did not show
changes over time 1 and were similar in the two groups
of patients.

At time 3, a significant decrease in antithrombin
(pooled mean: 95.5% of baseline; 95% confidence limits
of the mean: 93–98%, P 5 0.002) and fibrinogen con-
centrations (pooled mean: 91.7% of baseline; 88–95%,
P 5 0.001) was observed at time 3. At this time, a
reduction in platelet counts was only observed after
CABG (P 5 0.0001), with platelet counts 24% lower in
CABG than in OPCAB patients (P 5 0.001). A fivefold
increase in D-dimer concentrations, reflecting fibrin for-
mation and degradation, was only observed after CABG
(P 5 0.0001), with percent variations in D-dimer con-

Table 3. Changes in Laboratory Variables in Patients Who Underwent the Two Methods of Surgery

Variable

Time 1 Time 2 Time 3 Time 4

OPCAB CABG OPCAB CABG OPCAB CABG OPCAB CABG

Hemoglobin (g/dl) 14.7 6 1.5 14.7 6 0.7 13.8 6 1.4 13.9 6 1.1 12.6 6 1.4 11.4 6 1.5 12.3 6 1.5 11.1 6 1.0

Hematocrit (%) 43.5 6 3.5 43.7 6 1.8 41.4 6 3.2 41.7 6 2.2 38.3 6 3.8 34.1 6 4.3 36.9 6 4.3 33.2 6 2.7

Platelet count (103/mm3) 208 6 49 202 6 47 215 6 45 207 6 48 177 6 40 112 6 36 179 6 43 137 6 68

PT (ratio) 1.16 6 0.22 1.10 6 0.07 2.24 6 1.51 8.87 6 3.30 1.22 6 0.10 1.23 6 0.12 1.14 6 0.10 1.18 6 0.15

APTT (ratio) 1.03 6 0.19 1.03 6 0.15 — — 1.27 6 0.60 1.06 6 0.13 0.99 6 0.11 1.17 6 0.37

Antithrombin (%) 86 6 14 83 6 6 75 6 12 78 6 13 68 6 10 62 6 12 72 6 9 65 6 13

Fibrinogen (mg/dl) 360 6 61 324 6 75 311 6 65 287 6 62 292 6 54 231 6 63 424 6 69 373 6 67

D dimer (mg/l) 0.50 (0.30–1.78) 0.51 (0.39–0.79) 0.40 (0.18–0.50) 0.48 (0.32–0.89) 0.61 (0.46–1.06) 1.94 (1.53–2.43) 0.81 (0.62–2.38) 1.02 (0.63–1.50)

Plasminogen (%) 102 6 15 98 6 12 89 6 12 91 6 18 85 6 10 72 6 16 82 6 16 74 6 20

a2 Antiplasmin (%) 92 6 10 89 6 10 77 6 10 81 6 15 74 6 10 65 6 10 89 6 10 79 6 20

IgG (g/l) 8.1 6 2.6 7.3 6 1.3 6.8 6 1.3 6.5 6 1.3 6.4 6 1.4 5.0 6 1.2 5.9 6 1.6 4.7 6 0.9

All variables are expressed as mean 6 SD except D-dimer concentrations, which are reported as median and interquartile range.

Time 1 5 after the induction of anesthesia; time 2 5 5 min after the administration of heparin; time 3 5 10 min after arrival in intensive care unit; CABG 5 coronary artery
bypass graft; OPCAB 5 off-pump artery bypass graft.

Table 2. Operative Data, Allogeneic Transfusions, and Postoperative Bleeding

Variable
OPCAB Group

(N 5 15)
CABG Group

(N 5 15) P *

REDO, N (%) 1 (7) 3 (20) 0.3
CPB time (min) 0 67 [36–141] , 0.0001
ACC time (min) 0 54 [27–111] , 0.0001
Closure time (min) 30 [20–50] 45 [30–120] 0.001
Surgical time (min) 165 [98–240] 200 [135–505] 0.02
Distal anastomoses (N) 2 [1–3] 2 [1–3] 0.1
Total heparin dose (mg) 80 [50–150] 240 [210–400] 0.0001
Total protamine dose (mg) 80 [50–150] 250 [200–400] 0.0001
IABP, N (%) 1 (7) 1 (7) 1
PRBC OR, units (patients transfused) 0 5 (1) 0.5
Total PRBC, units (patients transfused) 11 (4) 18 (5) 0.5
FFP OR, units (patients transfused) 0 0 1
Total FFP, units (patients transfused) 10 (2) 14 (3) 0.1
PLTC OR, units (patients transfused) 0 0 1
Total PLTC, units (patients transfused) 0 8 (1) 0.5
Total bleeding (ml/24 h) per patient 750 [500–900] 850 [500–1450] 0.41

Normally distributed data are expressed as mean 6 standard deviation; non–normally distributed data are indicated as median [25–75 percentiles]. Closure time
is measured from protamine administration until the end of surgical procedures. t test, chi-square test, or Mann–Whitney U test as appropriate; significance for
P , 0.05.

ACC 5 aortic cross-clamping; CABG 5 on-pump coronary artery bypass grafting; CPB 5 cardiopulmonary bypass; FFP 5 fresh frozen plasma; IABP 5
intraaortic balloon pump; OPCAB 5 off-pump artery bypass grafting; OR 5 operating room; PLTC 5 platelet concentrate; PRBC 5 packed red blood cells.
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centrations significantly greater in CABG than in OPCAB
patients at time 3 (P 5 0.001). Accordingly, plasminogen
concentrations showed a moderate but significant de-
crease only in CABG patients (P 5 0.011). At time 3,
a2-antiplasmin concentrations were unchanged after ei-
ther modality of surgery. No significant relation was
observed between the changes in any of the laboratory
variables evaluated and the total surgical time.

Between times 3 and 4, similar increases in the plasma
concentrations of antithrombin (P 5 0.001), fibrinogen
(P 5 0.0001), and a2 antiplasmin (P 5 0.0001) were
observed in the two groups of patients, with fibrinogen
and a2-antiplasmin concentrations 54.5% (pooled mean:
42.8–66.3%, P 5 0.0001) and 19.2% (pooled mean:
11.4–27.2%, P 5 0.0001) higher than at time 1. Platelet
counts increased only in CABG patients (P 5 0.027).
Percent variations in D-dimer concentrations were simi-
lar at time 4 in the two groups of patients, resulting from
an increase in D-dimer concentrations in OPCAB patients
(P 5 0.015) and a decrease in D-dimer concentrations in
CABG patients (P 5 0.002). At time 4, plasminogen
concentrations were unchanged over time 3 in both
groups of patients.

Discussion

The abnormalities of coagulation and fibrinolysis vari-
ables associated with CPB heart surgery have been ex-
tensively investigated because of the occurrence of hem-
orrhagic perioperative syndromes, which significantly
complicates the outcome of heart surgery patients.13

Recently, OPCAB has been revisited because of the in-
troduction of stabilizer systems permitting satisfactory
results,14,15 and an increasing number of centers have
adopted this modality of surgery as their first
choice.8–10,16

This study is the first investigation directly comparing
selected coagulation and fibrinolysis variables in CABG
and OPCAB patients free of perioperative and postoper-
ative complications. Because of the obvious difference in

the degree of hemodilution occurring with the two sur-
gical modalities, we chose to adjust the changes in he-
mostatic variables for those observed in total IgG con-
centrations. IgG concentrations have not been reported
to be affected by surgery in the short term. They are not
involved in metabolic pathways potentially altered by
trauma, and, differently from erythrocytes, their plasma
concentrations may account for the exchange of plasma
proteins between intravascular and extravascular com-
partments. Our results show that after correction for this
variable, fibrinogen, antithrombin, and a2-antiplasmin
concentrations were not different in patients undergoing
CABG or OPCAB and that both modalities of surgery
involved a significant net consumption of antithrombin
and fibrinogen. These findings are not surprising when
considering the threefold higher dose of heparin infused
in CABG patients (table 2) and considering that throm-
bin generation during CPB does not result from expo-
sure of blood to foreign surfaces (contact activation) but
is triggered by the tissue factor–factor VIIa pathway,
possibly in response to the cutting of blood vessels.17,18

Earlier studies on CBP surgery reported conflicting re-
sults, with the additional bias represented by priming of
the extracorporeal circuit with either blood or saline.
Mammen et al.19 found that the decreases in fibrinogen,
antithrombin, plasminogen, and a2-antiplasmin concen-
trations were consistent with the decrease in hemato-
crit. Plasminogen and antithrombin, but not a2 antiplas-
min, were found to decrease much more than dilution in
another study.20 In contrast, Konsgaard et al.21 observed
a decrease in a2 antiplasmin, but not in plasminogen and
antithrombin, when correcting for the hemoglobin
concentration.

Significant changes in platelet counts, D-dimer concen-
trations, and plasminogen concentrations were only as-
sociated with cardiopulmonary bypass surgery (tables 3
and 4). When adjusted for the hematocrit, platelet
counts were 24% lower than baseline in patients under-
going CABG. The changes in platelet number and func-
tion during CPB and their relation with perioperative

Table 4. Percent Variations over Time 1 of Platelet Counts and Hemostatic Variables Adjusted for Dilution

Variable

Time 2 Time 3 Time 4

OPCAB CABG OPCAB CABG OPCAB CABG

Platelet count (103/mm3) 102 (93–112) 107 (95–118) 100 (91–108) 76 (66–85) 105 (93–116) 92 (69–114)
Antithrombin (%) 99 (95–102) 103 (99–107) 96 (93–99) 96 (91–100) 101 (96–106) 105 (98–111)
Fibrinogen (mg/dL) 97 (93–101) 99 (92–106) 95 (91–98) 89 (82–95) 149 (132–167) 159 (141–177)
D dimer (mg/L) 69 (41–115) 129 (72–233) 104 (75–144) 476 (309–741)* 353 (227–548) 260 (179–377)
Plasminogen (%) 100 (94–105) 101 (96–105) 103 (99–107) 96 (91–100) 101 (91–111) 100 (91–110)
a2 Antiplasmin (%) 95 (90–99) 96 (92–100) 100 (94–106) 96 (88–103) 119 (110–127) 120 (106–134)

All variables are expressed as mean and 95% confidence limits of the mean. Time 2 5 5 min after the administration of heparin; time 3 5 10 min after arrival
in intensive care unit; time 4 5 24 h after the end of surgery. Platelet counts at times 2, 3, and 4 are adjusted for the changes in hematocrit concentration; the
remaining variables are adjusted at times 2, 3, and 4 for the changes in plasma IgG concentrations.

*P 5 0.001.

CABG 5 coronary artery bypass graft; IgG 5 immunoglobulin G; OPCAB 5 off-pump artery bypass graft.
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hemorrhagic syndromes have been extensively stud-
ied.20,22–26 Plasma D-dimer concentrations were not sig-
nificantly increased after surgery in OPCAB patients, but
they were approximately fivefold higher in CABG pa-
tients. A 4% decrease in plasminogen concentrations was
only observed after CABG surgery. These findings are
consistent with increased plasminogen activation during
CPB. Activation of fibrinolysis in CPB surgery has been
reported in many studies, with both the intrinsic (factor
XIIa- and kallikrein-dependent) and extrinsic (tissue plas-
minogen activator–dependent) mechanisms of plasmin-
ogen activation being involved.21,27–31 Increased
D-dimer concentrations after CPB surgery have been
consistently reported, with the exception of one study
in which a poorly sensitive assay was adopted.32 Two
studies have compared the changes in D-dimer concen-
trations in patients undergoing cardiac surgery with CPB
and patients undergoing thoracic noncardiac sur-
gery.31,33 Both studies observed a significant increase in
D-dimer concentrations after surgery only in CABG pa-
tients. Accordingly, Mariani et al.34 did not observe sig-
nificantly increased D-dimer concentrations during sur-
gery in a group of 22 patients undergoing beating-heart
coronary surgery. Differently from patients undergoing
thoracic noncardiac surgery, OPCAB patients are infused
with a substantial amount of heparin. Heparin injection
was reported to increase circulating plasmin activity21,26

and D-dimer concentrations26 before institution of car-
diopulmonary bypass. In this study, we did not observe
a significant increase in D-dimer concentrations after
heparin injection (time 2; tables 3 and 4).

Twenty-four hours after surgery, platelet counts were
still significantly lower in CABG than in OBCAB patients,
but the hemostatic variables evaluated were all similar in
the two groups of patients. When accounting for dilu-
tion, there was no difference at this time in any of the
laboratory variables investigated between the two
groups of patients. With respect to postoperative con-
centrations, a significant increase in antithrombin con-
centrations was observed for both groups of patients,
and platelet counts increased by approximately 20% in
patients undergoing CABG. The acute phase reactant
fibrinogen and a2 antiplasmin increased to a much
greater extent over preoperative concentrations, as pre-
viously reported.19,30,32 These data suggest a similar pat-
tern of postoperative consumption, production, or both
of the plasma proteins investigated after either modality
of surgery. D-dimer concentrations showed a different
pattern of changes after OPCAB and CABG surgery, pos-
sibly reflecting a different time course in activation of
fibrinolysis. They decreased by more than 50% in pa-
tients undergoing CABG, whereas they increased by
more than 2.5-fold in patients undergoing OPCAB. This
finding is in accordance with the transient increase in
the fibrinolytic activity of patients undergoing CPB sur-
gery27–29 and with previous reports showing a postop-

erative increase in D-dimer concentrations in patients
undergoing both thoracic noncardiac surgery31,33 and
beating-heart revascularization surgery.34 As previously
suggested, increased D-dimer concentrations 24 h after
surgery may be the evidence of clot formation at sites of
surgical injuries and do not necessarily reflect coagulopa-
thy32 or hypercoagulability.

In conclusion, uncomplicated heart revascularization
surgery involves a net consumption of antithrombin and
fibrinogen. However, transient platelet consumption,
plasminogen activation, and D-dimer formation are only
observed with on-pump coronary surgery. Twenty-four
hours after surgery, the hemostatic patterns of patients
undergoing CABG and OPCAB are similar.
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