TRANSFUSTON PRACTICE

Transfusion and hematologic variables after fibrinogen or
platelet transfusion in valve replacement surgery: preliminary
data of purified lyophilized human fibrinogen concentrate versus
conventional transfusion
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BACKGROUND: Platelet (PLT) and plasma transfusion
remain the mainstay hemostatic therapy for periopera-
tive bleeding. Several studies have indicated that
acquired fibrinogen (FIB) deficiency can be the primary
cause of bleeding after cardiac surgery. The aim of this
study was to compare hematologic and transfusion pro-
files between the first-line FIB replacement and PLT
transfusion in post—cardiac surgical bleeding.

STUDY DESIGN AND METHODS: In this prospective,
randomized, open-label study, 20 adult patients who
underwent valve replacement or repair and fulfilled
preset visual bleeding scale were randomized to 4 g of
FIB or 1 unit of apheresis PLTs. Primary endpoints
included hemostatic condition in the surgical field and
24-hour hemostatic product usage. Hematologic data,
clinical outcome, and safety data were collected up to
the 28th day postoperative visit.

RESULTS: In patients who received the first-line FIB
concentrate (n = 10), the visual bleeding scale improved
after intervention, and the incidence of PLT transfusion
and total plasma donor exposure were lower compared
to the PLT group (n = 10). Postintervention FIB level
was statistically higher (209 mg/dL vs. 165 mg/dL) in
the FIB group than in the PLT group, but PLT count and
prothrombin were lower. There were no statistical differ-
ences in the postoperative blood loss and red blood cell
transfusion between two groups.

CONCLUSIONS: Our preliminary data indicate that the
primary FIB replacement may potentially reduce the
incidence of PLT transfusion and the number of donor
exposures. Plasma FIB level of 200 mg/dL is attainable
with a single dose of 4 g, and this level seems to miti-
gate bleeding despite moderately decreased thrombin
generation.

ostoperative hemorrhage remains a serious

complication of cardiac surgery affecting 3% to

10% of the patients undergoing cardiopulmo-

nary bypass (CPB).'* Further, major bleeding
and subsequent allogeneic blood transfusion can be
associated with increased morbidity and mortality after
cardiac surgery."® Therefore, a rapid diagnosis of coagul-
opathy and targeted replacement of deficient cellular
and/or soluble coagulation elements are pivotal in achiev-
ing hemostasis and decreasing complications associated
with hemorrhage. Platelet (PLT) transfusion has been con-
sidered to be the mainstay approach to microvascular
bleeding (i.e., oozing from the incision and cannulation
sites).”® PLT dysfunction after CPB is common due to bio-
chemical and mechanical damages during CPB as well as
preoperative anti-PLT therapy.! However, there is a paucity
of clinical data to validate the hemostatic efficacy of PLT
transfusion after CPB.”'° On the other hand, several retro-
spective and prospective studies in cardiac surgery
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indicated the potential efficacy of fibrinogen (FIB) con-
centrate as a first-line hemostatic intervention.*!13
Purified lyophilized human FIB concentrate (RiaStap,
CSL Behring, Marburg, Germany) has been approved by
the Food and Drug Administration (FDA) for the treat-
ment of acute bleeding in patients with congenital afi-
brinogenemia and hypofibrinogenemia.* However, it has
not been clinically studied head to head with conven-
tional transfusion therapies in acquired bleeding condi-
tions in the United States. The RiaCT trial (RiaStap vs.
Conventional Transfusion; NCT01283321) was designed
to compare the fixed dose (4 g) of FIB and a single unit of
apheresis PLTs in a prospective randomized manner in
patients undergoing valve replacement surgery with CPB.

MATERIALS AND METHODS

Study design and subjects

The study was designed as a single-center, prospective,
randomized, open-label, active drug controlled study in
patients undergoing valve replacement or repair surgery.
The protocol was approved by the institutional review
board of the Emory University (Atlanta, GA), and informed
written consent was obtained from each patient enrolled in
the study. The inclusion criteria were elective CPB proce-
dures via median sternotomy for a single-valve replace-
ment or repair, combined mitral and aortic valve
replacements, or combined valve replacement and coro-
nary artery bypass grafting. Exclusion criteria were emer-
gency surgery, redo valve procedure, age (<18 or >85 years),
any known congenital or acquired bleeding disorders,
dialysis-dependent renal failure, liver dysfunction (more
than twofold increase in liver enzymes), pregnancy or
nursing, and intake of clopidogrel or coumadin within
5 days of surgery.

Clinical management

Anesthetic induction consisted of intravenous (IV) etomi-
date and fentanyl. For maintenance, inhaled sevoflurane,
continuous IV fentanyl, and rocuronium bromide were
used. In all patients, 400 U/kg porcine heparin was given
before instituting CPB. The circuit of CPB was primed
with crystalloid solution (1000-1400 mL), 10,000 U of
heparin, and 37.5 g of mannitol. During CPB, activated
clotting time (CT) was maintained above 450 seconds
(Hemochron Signature Elite, ITC, Edison, NJ). Heparin
anticoagulation was reversed after CPB with 200 to
250 mg of protamine sulfate. After heparin neutralization
(ACT < 155 sec) and corrections of physiologic variables
(pH > 7.3, body temperature >35°C), the visual assessment
of surgical field was performed by the senior surgical staff
as follows: 0 = excellent hemostasis (dry field), 1 =mild
bleeding (oozing), 2= moderate bleeding (controllable
with applied pressure), and 3 = severe bleeding (multiple
diffuse bleeding sites). If the visual bleeding scale was 2 to
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3, the subjects were randomly assigned to a study interven-
tion using a closed envelope method. Within 30 minutes of
the decision of intervention, the patients in the FIB group
were infused with 4 g of FIB (RiaStap, 20 mg/mL), and
patients in the PLT group were transfused with 1 unit of
apheresis PLTs. After the initial randomized intervention,
additional transfusions were given in the presence of
bleeding (>200 mL/hr) according to the institutional prac-
tice as follows: one apheresis unit if the PLT count was less
than 100 x 10%/L, 2 units of plasma if the international
normalized ratio was greater than 1.6, or 10 units of cryo-
precipitate if the FIB level was less than 200 mg/dL.

Study outcomes

Primary endpoints included hemostatic condition in the
surgical field (0-3 scale as above) after the study interven-
tion and 24-hour usage of hemostatic blood products
including plasma, PLTs, and cryoprecipitate. Secondary
endpoints were 12-hour volumes of chest tube drainage
and reexploration within 24 hours of surgery. Primary
safety endpoints included thromboembolic events and
mortality percentage of subjects with thromboembolic
events (acute myocardial infarction, cerebrovascular
thromboembolic event, peripheral artery occlusion, deep
vein thrombosis, pulmonary embolism, death through
Day 28 visit [up to 6-8 weeks postoperatively]). Troponin
levels (normal range, 0-0.05 ng/mL) at 24 hours after
surgery, total intensive care unit stay (hr), and hospital
stay (days) were also compared.

Laboratory analyses

Hematologic tests including hemoglobin (Hb), PLT count,
prothrombin time (PT), activated partial thromboplastin
time (aPTT), and FIB were performed in the clinical labo-
ratory atfour time points: 1) baseline (preanesthetic induc-
tion); 2) after the trial intervention; 3) after the second
intervention, if any; and 4) 24 hours after surgery. Hb and
PLT count were measured using ahematology analyzer (LH
750, Beckman-Coulter, Miami, FL). FIB levels were deter-
mined using a modified Clauss method (BCS, Dade
Behring, Deerfield, IL). Normal ranges were as follows: PT
(10.8-13.1 sec), aPTT (25-39 sec), and FIB (160-442 mg/
dL). In addition, Factor (F)II (prothrombin), FVIII, FXIII,
and antithrombin (AT) levels were measured at the above
time points using a coagulation analyzer (STA Compact,
Diagnostica Stago, Parsippany, NJ). Normal ranges were as
follows: FII (50%-150%), FVIII (50%-150%), FXIII (50%-
130%), and AT (80%-125%).

Thrombin generation assay and
thromboelastometry

The calibrated automated thrombin generation (TG)

assay (Thrombinoscope, Diagnostica Stago) was used
post hoc to evaluate the capability of plasma to generate



FIBRINOGEN VERSUS PLT CONCENTRATE IN VALVE REPLACEMENT

thrombin in each study subject at four time points: 1)
baseline (preanesthetic induction), 2) before the trial
intervention, 3) after the trial intervention, and 4) 24 hours
after surgery. According to the published method,” TG
was measured using 5 pmol/L tissue factor-based reagent
(Diagnostica Stago) in the mixture of PLT-poor plasma and
the buffer containing CaCl,-fluorogenic substrate (Z-Gly-
Gly-Arg-AMC) buffer. The progress of TG was continu-
ously monitored for 90 minutes at 37°C using a
fluorescence reader (Fluoroscan Ascent, Thermo Lab-
systems, Franklin, MA).

Rotational thromboelastometry was performed with
whole blood samples using a ROTEM Delta device (TEM
Innovations, Munich, Germany) at the same time points
as TG assay. EXTEM and FIBTEM measurements were per-
formed at 37°C using 300 pL of whole blood with 20 pL of
0.2 mol/L CaCl, and tissue factor-based reagent.'® CT
(sec), alpha angle (°), and maximum clot firmness (MCE
mm) were analyzed at four time points as with TG assay.
TG and ROTEM assessments were utilized (before clinical
approval of ROTEM by the FDA) to follow the clinical deci-
sion for initiating the trial intervention. Neither TG nor
ROTEM result was made available to the care team, but
they were used post hoc to monitor the impact of trial
interventions on the whole blood clotting.

Statistical analysis
This interim analysis (n = 20) was conducted for the com-
parative analyses of our data with previously published
prospective FIB trials (n=20) in terms of safety and
efficacy.!"”
Statistical analysis was performed
using computer software (Prism, Version
5, GraphPad Software, La Jolla, CA).
Perioperative changes of hematologic
tests and the effect of hemostatic inter-
ventions were evaluated by repeated-
measures analysis of variance within
groups. Between-group variables were
evaluated by means of the unpaired
t test. Nonnormally distributed data (by
Kolmogorov-Smirnov test) were ana-
lyzed by the Mann-Whitney test. Cat-
egorical variables are reported as
numbers in the group, and between-
group comparisons were performed by
Fisher’s exact test. A p value below 0.05
was considered significant.

18-month period (Fig. 1). Four patients were disqualified
before surgery: two due to the change in surgical plans,
one due to elevated liver enzymes, and one due to dabiga-
tran therapy. During surgery, two patients did not meet
the inclusion criteria for bleeding, and therefore 20 (16
males and 4 females) were randomly assigned to receive
FIB concentrate (Group FIB; n =10) or PLTs (Group PLT;
n=10) as an initial transfusion therapy. There were no
significant differences between the two groups in terms of
demographic and surgical variables (Table 1).

Transfusion requirements and postoperative

blood loss

The weight-averaged dose of FIB concentrate was
46.2 * 5.0 mg/kg. The volume of infusion for 4 g of FIB
concentrate was 200 mL, whereas one apheresis PLT unit
had the median volume of 230 mL (interquartile range
[IQR], 213-295). Bleeding scores before the trial interven-
tion were similar between the FIB and PLT groups
(2.0 = 0.0 and 2.1 = 0.3, respectively). However, there was
a trend for the lower score in the FIB group than in the PLT
group after the initial treatment (1.0 = 0.7 vs. 1.7 = 0.8;
p =0.052).

Three patients received PLTs in the FIB group, and
seven patients in the PLT group required second interven-
tion within 2 hours of the study intervention. The median
interval between the first and second interventions was
69.3 minutes in the FIB group and 62.1 minutes in the PLT
group. Thereafter, fresh-frozen plasma (FFP) and cryopre-
cipitate were transfused in two patients who required the

Patients approached for
enrollment (n =51)

Patients scheduled for
the study (n = 26)

Excluded (n =3)
Change in surgical plan (n=1)
Elevated liver enzymes (n=1)
Dabigatran treatment (n=1)
Patients scheduled for
the study (n = 23)
Excluded (n =3)

Change in surgical plan (n=1)
Low bleeding score (n = 2)

I Randomized (n = 20) |

_— —~

RESULTS

Fifty-one patients were approached

Allocated to intervention
FIB concentrate 4 g (n = 10)

Allocated to intervention
Apheresis PLT 1 unit (n =10)

after initial screening for eligibility, and
26 patients were consented over an

Fig. 1. Flow diagram of the patient recruitment and randomization process.
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second intervention in the FIB group. One FIB-treated
patient, who did not require any products during surgery,
developed late bleeding (4 hr after surgery) and received
PLTs, FFP, and cryoprecipitate. Among the PLT group, five
patients received FFP, and four patients received cryopre-
cipitate as the second intervention. Total usage of compo-
nents, and the volume of transfusion over 24 hours after
surgery are summarized (Table 2). The incidence of PLT
transfusion was decreased in the FIB group (p = 0.015). No
other differences between two groups were found in the
incidence of red blood cells (RBCs), FFP, or cryoprecipitate
transfusion. The median volumes of transfused RBCs and
FFP were not different (Figs. 2A and 2B), but there was a
trend for decreased transfused volumes of PLTs and cryo-
precipitate in the FIB group (Figs. 2C and 2D). Total donor
exposures (median [IQR]) to hemostatic products (PLTs,
FFP and cryoprecipitate) were 0 (0-13.3) units in the FIB
group and 16.5 (1.0-39.8) units in the PLT group (p = 0.035;
Fig. 2E).

Median (IQR) blood losses at 12 hours after surgery
were 925 (500-1693) and 1315 (653-2965) mL, respectively,
in the FIB and PLT groups (p = 0.21; Fig. 2F).

Hematologic data

Preoperative Hb, PT, aPTT, and PLT count were compa-
rable between the two groups (Table 3). The baseline
values for FIB, FII, FVIII, FXIII, and AT were within normal
range and comparable between the two groups.

After the initial treatment (posttreatment) with FIB
(FIB group), both PT and aPTT were prolonged, and PLT

TABLE 1. Demographic and surgical data

Group
FIB PLT p value
Age 71.3£53 66.1 £ 8.9 0.13
Male/female 8/2 8/2 1.0
Height (cm) 174 = 9.1 177 £ 9.9 0.44
Weight (kg) 87.5 £ 8.9 85.6 £ 19.7 0.78

CPB time (min) 143 = 28.1 119 = 29.8 0.63
X-clamp time (min) 136 + 37.5 107 = 28.0 0.40
Minimal temp (°C) 31916 325 +23 0.53
Total heparin (kU) 482 = 125 394 + 84.0 0.08
Total protamine (mg) 249 + 28.6 242 + 555 0.73

X-clamp = aortic cross clamp.

count was below the normal range. Plasma FIB and FVIII
levels were maintained, but FII, FXIII, and AT levels were
significantly decreased from preoperative values. After
PLT transfusion (PLT group), PT was less prolonged, and
PLT count was higher compared to those in the FIB group
(p=0.028). Posttreatment plasma FIB levels were
165 = 48.6 mg/dL in the PLT group and 209 *+ 49.6 mg/dL
in the FIB (p = 0.062). Other plasma factor levels were also
decreased at posttreatment compared to the baseline in
both groups, but FIT and AT levels were higher in the PLT
group than in the FIB group (p=0.024 and p =0.008,
respectively). Plasma FXIII levels were approximately half
the baseline values at posttreatment, but no significances
were observed between the two groups.

After the second intervention, three patients in the FIB
group and seven patients in the PLT group had similar PLT
counts higher than 90 x 10°/L and FIB levels of approxi-
mately 200 mg/dL (Table 3). In these patients, plasma
factor levels remained lower in the FIB group as indicated
by prolonged PT and lower FII and AT levels. FVIII and FXIII
levels were not statistically different after the second inter-
vention between the two groups. At 24 hours after surgery,
all hematologic values between the two groups were statis-
tically comparable. There were notable increases in plasma
FIB and FVIII levels in both groups.

TG assay and thromboelastometry

Preoperative lag time and peak values of TG were compa-
rable between the two groups. There were significant
prolongations of lag time and decreases in peak thrombin
levels in both groups at pretreatment (Figs. 3A and 3B). In
the FIB group, lag time was increased by 80.8% and peak
TG was decreased by 29.4% from the baseline, and these
data are in agreement with the lower prothrombin level in
this group (Table 3). The lag time and peak values were
similar between the two groups after the study interven-
tion. At 24 hours after surgery, both TG variables were
recovered to normal ranges.

In both groups, CT was prolonged, alpha angle and
MCEF variables were decreased on EXTEM at pretreatment
relative to the baseline, and these values were not statisti-
cally different between the two groups (Figs. 3C-3E). The
pretreatment FIBTEM MCF values were decreased from
the baseline by 54.3 and 49.5% in the FIB and PLT groups,

respectively (Fig. 3F). These changes

TABLE 2. Incidence of blood transfusion

were more extensive than decreases in
EXTEM MCEF values of 20.1 and 16.9% in

Intraoperative Postoperative Total the respective group. After the initial

FIB PLT pvalue FIB PLT pvalue FIB PLT p value intervention, FIBTEM MCF was higher

RBCs 8/10 7/10 1.0 8/10  9/10 1.0 9/10 9/10 1.0 in the FIB group than in the PLT group
PLTs  0/10 10/10  <0.001  4/10  5/10 1.0 410 10/10  0.011

FFP 0M0 210 047 310 440 1.0 310 510 065 (p=0.024). At 24 hours after surgery,

CRYO 010 210 047  3/10 4/10 1.0 310 410 1.0 thromboelastometric variables were

CRYO = cryoprecipitate.

normalized and statistically similar
between the two groups.
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Fig. 2. Transfusion and postoperative chest tube drainage. Data are shown as median with the IQR. (A) Transfused RBCs (p = 0.40);
(B) transfused FFP (p = 0.55); (C) transfused apheresis PLTs (p = 0.066); (D) transfused cryoprecipitates (p = 0.075); (E) donor expo-
sure (total units) to hemostatic components (p = 0.16); (F) chest tube drainage (mL) 12 hours after surgery (p = 0.21).

Safety endpoints

The safety endpoints were summarized in Table 4. One
patient in the FIB group and two patients in the PLT group
underwent a reexploration for bleeding; one patient in the
PLT group was found to have a small arterial bleeding site,
but no apparent surgical causes were found in two others.
Troponin levels at 24 hours after surgery were not statisti-
cally different. One patient in the PLT group was ruled in
for acute myocardial infarction, but this patient recovered
without complications. Pulmonary edema was diagnosed
in three patients in the FIB group and five patients in the
PLT group based on their chest X-ray findings. These
patients had bled postoperatively and received transfu-

sion of plasma products and large amounts of fluid after
surgery. Total lengths of intensive care unit stay and hos-
pital stay after surgery were not statistically different
between the two groups. Two patients in the PLT group
required a rehospitalization within 28 days of surgery. One
was treated for atrial fibrillation and pleural effusion, and
the other was diagnosed with atrial fibrillation, dehydra-
tion, and thrombus on the prosthetic mitral valve.

DISCUSSION

The key findings from the preliminary analysis of the
RiaCT trial were the lower incidence of PLT transfusion
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TABLE 3. Hematologic data
Baseline Posttreatment Post-2nd treatment 24-hr Post-op
FIB PLTs FIB PLTs FIB(n=3) PLTs (n=7) FIB PLTs
Hb (g/dL) 123+16 135=*1.0 9.2 = 0.9% 9.1 *+1.2¢% 8.1 +23 8.6 1.2 9.8+ 09t 10.0=1.1%
PT (sec) 11.9 = 0.8 11.5+05 192+201* 16.8=16F 22.0x35 175 2.0 15.0 = 1.7t 142 *=1.2f
aPTT (sec) 33.8 = 5.1 348 +3.7 572=*148t 532+108tf 711328 71.7+279 436511t 447 +x78%
PLT count (x10%L) 218 £69.3 189 =38.7 101 +33.3t* 133 +255f 96.3*26.7 923 +48.3 86.3+21.8f 90.0=* 17.5%
FIB (mg/dL) 378 = 117 358 + 117 209 = 49.61 165 = 48.6f 204 =38.7 201 =55.7 409 = 95.1 363 = 63.0
FIl (%) 104 +16.4 97.0 =10.6 401 =9.61* 536=*=13.1F 28.0+56 477=*82 699=*1211f 639 = 11.1%
FVII (%) 157 =495 120 £36.5 125 = 39.71 114 =233t 104 =147 108 =25.7 165 = 50.4 135 = 34.8
FXIN (%) 101 =16.2 109 + 335 544 *+13.0f 545=*+189f 550*+95 647*+223 699 *+248t 772*213
AT (%) 86.6 6.2 922+ 151 36.0+9.0f* 46.6*=69f 31.7+97 422+100 542=*94t 56.9=* 13.0%
* p<0.05 versus PLT group.
1 p <0.05 versus baseline level (FIB group).
1 p <0.05 versus baseline level (PLT group).

and the reduced overall plasma donor exposure in the FIB
group. The fixed dose (4 g) of FIB corresponded to the
weight-based dose of 46.2 = 5.0 mg/kg, and it was suffi-
cient to restore plasma FIB to 200 mg/dL (Table 3). The
visual bleeding scale was improved from Grade 2 to 1 in
the FIB group, while it was only marginally improved from
Grade 2 to Grade 1.7 in the PLT group in which FIB level
remained at 165 * 48.6 mg/dL. There were no statistical
differences in the postoperative blood losses and RBC
usages between the two groups in this pilot study. The lack
of significant changes could be due to a small sample size
(Type II error), but it might be also related to the type of
surgical procedures or the dose of FIB. Our study patients
underwent longer CPB runs (119-143 min) for valve
replacement procedures. Karlsson and colleagues!!
reported a 32% reduction in the blood loss by preopera-
tively administering FIB (2 g) versus placebo in a small
prospective randomized study (n=20). However, their
patients underwent shorter CPB runs (70-73 min) for
coronary bypass grafting surgery, and their international
normalized ratio and aPTT remained normal after CPB.
Rahe-Meyer and coworkers!® recently reported a placebo-
controlled randomized study of high-dose FIB (median,
8 g) in the patients undergoing a thoracic aortic replace-
ment. They achieved higher plasma FIB levels,
260 = 48 mg/dL (n=29), after FIB replacement, while
those after the placebo remained at 189 = 34 mg/dL
(n=32). They were able to demonstrate fewer transfu-
sions of apheresis PLTs (median, 0 units vs. 4 units,
p <0.001) and FFP (median, 0 units vs. 8 units, p < 0.001)
as well as decreased 24-hour blood loss in the FIB group.
The twofold higher dose of FIB than ours can in part
explain their positive finding, but it is noteworthy that
their mean CPB time was approximately 50 minutes.
Although the incidence of reexploration for bleeding was
not different between FIB and placebo treatments (14 and
13%, respectively), shorter CPB duration might have pre-
vented extensive hemodilution and enzymatic defects of
coagulation,’® leading to the avoidance of transfusion
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except for FIB in 13 of 29 patients.”® Conversely, our
present data suggested that persistent bleeding after FIB
replacement could be due to enzymatic deficiency, for
example, low prothrombin level below 40% (Table 3).

There is a potential need to correct enzymatic func-
tion of coagulation in addition to its primary substrate
(FIB) in moderately complex cardiac surgical patients
(CPB time, 148-166 min).* In their study, Weber and
coworkers* randomized 100 patients to point-of-care
(POC) versus central laboratory testing for hemostatic
management. The median dose of FIB was 2 g for both
groups, and posttreatment FIB levels were 200 to 230 mg/
dL, arange between those in our study (Table 3) and those
of Rahe-Meyer and colleauges.'® There were no statistical
differences in the overall frequencies of FIB infusion
(64% of POC and 60% of laboratory group; p =0.837),
prothrombin complex concentrate infusion (44% of POC
and 52% of laboratory group; p = 0.433), and PLT transfu-
sion (28% of POC and 33% of laboratory group; p = 0.412).
However, FFP transfusion was less frequent in the POC
than in the laboratory group (40% vs. 80%; p < 0.001).

In our study, data of TG assay and thromboelastom-
etry were used post hoc to evaluate hematologic changes
before and after FIB replacement or PLT transfusion.
Before the study intervention, there were trends for pro-
longed lag time and lower peak TG in the FIB group com-
pared to the PLT group (Figs. 3A and 3B). These data are
consistent with the lower prothrombin level in the FIB
group after FIB replacement (Table 3). At posttreatment,
prolonged lag time and lower peaks of TG were compa-
rable between the two groups, but they remained signifi-
cantly different from the baseline values (Figs. 3A and 3B).
On thromboelastometry, EXTEM variables (CT, MCE and
alpha angle) were statistically comparable between the
two groups at baseline and before the trial intervention
(Figs. 3C-3E). FIBTEM-MCF became statistically higher
after 4 g of FIB was given (12.9 = 4.1 mmvs. 9.0 = 2.9 mm
in the PLT group; Fig. 3F), but EXTEM angle and MCF were
similar (Figs. 3D and 3F). FIBTEM has been increasingly
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Fig. 3. TG assay and thromboelastometry data. Data are shown as mean * SD. *p < 0.05 versus PLT group, ip < 0.05 vs. baseline

level (FIB group, O), {p < 0.05 versus baseline level (PLT group, H). Pre = before the study intervention; Post = after the study

intervention; 24 hr = 24 hours after surgery.

utilized to assess plasma FIB levels and the need for FIB
replacement in a timely manner (<10-15min).*!316
Although the Clauss method and its modifications are
conventionally used, these FIB assays take time (30-
60 min)**?*! and have significant variability depending on a
method, calibration range, and other clinical variables
(e.g., hydroxyethyl starch).?»?® Rapid availability of POC
results possibly facilitate early diagnosis of coagulopathy
and prompt hemostatic interventions, if necessary.
According to our study protocol, additional hemostatic
intervention(s) followed central laboratory testing, and
the interval between first and second intervention was
more than 1 hour. We speculate that an efficacy of hemo-

static intervention can be influenced by the delayed
therapy as coagulopathy is progressively exacerbated.**
Aforementioned data by Weber and coworkers* support
this speculation because 6- to 24-hour postoperative
blood losses were consistently decreased, the overall cost
of hemostatic products was reduced by the POC testing
compared to the laboratory testing.

The cost of hemostatic products is an important
consideration because most studies of perioperative FIB
replacements had been carried out in Europe where
cryoprecipitate is unavailable.*11-1317182526 OQne gram of
FIB costs €233 (approx. $300), and 1 unit of pooled PLTs
and FFP cost €233 and €40, respectively, at one European
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TABLE 4. Safety endpoints
Group
FIB PLT p value
Reexploration 110 2/10 1.0
Acute Ml 0/10 1/10 1.0
Thromboembolism 0/10 0/10 1.0
Pulmonary edema 3/10 5/10 0.65
30-day readmission 0/10 2/10 0.47
Death in 30 days 0/10 0/10 1.0
24-hours troponin 12.7 = 23.8 10.2 = 13.2 0.77
ICU hours 76.6 = 44.7 105 = 571 0.13
Hospital days* 8.0x24 7.8 3.9 0.13
* Hospital stay after surgery.
ICU = intensive care unit; Ml = myocardial infarction.

hospital.* Based on the following costs at this institution,
FIB $0.70/mg, cryoprecipitate $136/U, apheresis PLT
$1040/U, and FFP $128/U, the median costs of hemo-
static components per case were similar between the two
groups: $2800 ($2800-$6826) in the FIB group and $4036
($1040-$9252) in the PLT group (p = 0.51).

PLT transfusion was chosen to be the comparator to
FIB in our study because CPB associated with PLT dys-
function is considered to be the primary cause of
microvascular bleeding.'® However, there is a paucity of
clinical efficacy data on PLT transfusion. Simon and col-
leagues'® reported a randomized, controlled trial of pro-
phylactic PLT transfusion (4 pooled units) in 28 patients
who underwent coronary bypass grafting and/or valve
replacement surgery. Prolonged Ivy bleeding time was
prevented as the mean PLT count was increased to
132 x 10° = 40 x 10°/L from 97 x 10° = 40 x 10°/L in the
PLT transfusion group (no FIB levels reported). However,
postoperative chest drainage volumes overnight were
not decreased by PLT transfusion (1375 * 696 mL vs.
936 = 36.5 mL in the control) in agreement with our
present data (Fig. 2D). A number of studies on intraopera-
tive autologous PLT-rich plasmapheresis conducted in
1990s showed that the treatment effects on postoperative
bleeding and RBC exposure were small and inconsistent.?”
Although PLT transfusion is indicated for the patients on
chronic dual anti-PLT therapy,*'* additional studies are
warranted to conduct a larger clinical trial to compare PLT
transfusion and FIB replacement.

The recent transfusion guidelines in Europe suggest
target FIB levels of 150 to 200 mg/dL for FIB replace-
ment,*® and several trial data in cardiac surgery support
even higher FIB levels (200-250 mg/dL) to support hemo-
stasis after CPB.*'"'® As shown in our study, plasma FIB
levels fell below 200 mg/dL after 2 hours of CPB without
FIB replacement, and prothrombin levels fell to 28% in
those who developed profuse bleeding despite the FIB
replacement (Table 3). On the other hand, FVIII and FXIII
levels were maintained at above 100 and 50%, respectively
(Table 3). The latter data may in part explain inconsistent
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data reported on desmopressin (to increase von Will-
ebrand Factor or FVII) and FXIII replacement after
cardiac surgery.?*

There are some limitations in our present study. First,
our study was designed to test a single, fixed dose of FIB
(4 g) rather than the weight-based or escalating doses of
FIB in managing post-CPB bleeding. However, our dose is
similar to the reported dose of 4 g (median) administered
to bleeding patients with acquired hypofibrinogenemia,*
and our weight-averaged dose (46.2 = 5.0 mg/kg) was
within the range of transfusion algorithm (initial FIB,
25-50 mg/kg).*"* Secondly, the initial hemostatic inter-
vention was given after the correction of physiologic vari-
ables (pH > 7.3, body temperature > 35°C) and visual
assessment of microvascular bleeding.® There is a
concern for interobserver variability due to multilevel
assessments (four grades) in our study. However, unnec-
essary transfusion was minimized by the presence of
assessors who had sufficient surgical skills in the manage-
ment of complex cardiac surgical cases. Although hemo-
static interventions based on an initial visual field
assessment reflect the most common practice in the
United States,*” the use of thromboelastometry or throm-
boelastography in the transfusion algorithm could
have facilitated the timing and choice of interven-
tion(s).*1320:3334 Finally, our data are preliminary, and a
larger sample size is required to conclude on the efficacy
of the FIB concentrate over PLT transfusion. This study is
also underpowered to make any conclusion about safety
outcomes of FIB therapy. Potential advantages of FIB
concentrate including rapid availability, and manufactur-
ing steps (e.g., pathogen inactivation, and antibody
removal)® should be evaluated against conventional
hemostatic components (PLTs, FFP, and cryoprecipitate)
with a sufficient sample size.

In summary, our preliminary data indicate that the
primary FIB replacement may potentially reduce the inci-
dence of PLT transfusion and the number of donor expo-
sures. The target FIB level of 200 mg/dL was attainable
with a single dose of 4 g, and this level seemed to mitigate
bleeding despite moderately decreased endogenous TG. A
large prospective randomized study is warranted to
examine the efficacy and safety of FIB therapy in high-risk
cardiac surgical patients.

CONFLICT OF INTEREST

KT has received a consulting fee from ROTEM, Inc. All other
authors have no conflict of interest to declare.

REFERENCES

1. Yende S, Wunderink RG. Effect of clopidogrel on bleeding
after coronary artery bypass surgery. Crit Care Med 2001;
29:2271-5.



10.

11.

12.

13.

FIBRINOGEN VERSUS PLT CONCENTRATE IN VALVE REPLACEMENT

Fergusson DA, Hebert PC, Mazer CD, Fremes S, MacAdams
C, Murkin JM, Teoh K, Duke PC, Arellano R, Blajchman
MA, Bussieres JS, Cote D, Karski J, Martineau R, Robblee
JA, Rodger M, Wells G, Clinch J, Pretorius R. A comparison
of aprotinin and lysine analogues in high-risk cardiac
surgery. N Engl ] Med 2008;358:2319-31.

Alstrom U, Levin LA, Stahle E, Svedjeholm R, Friberg O.
Cost analysis of re-exploration for bleeding after

coronary artery bypass graft surgery. Br ] Anaesth 2012;
108:216-22.

Weber CF, Gorlinger K, Meininger D, Herrmann E, Bingold
T, Moritz A, Cohn LH, Zacharowski K. Point-of-care testing:
a prospective, randomized clinical trial of efficacy in
coagulopathic cardiac surgery patients. Anesthesiology
2012;117:531-47.

Spiess BD, Royston D, Levy JH, Fitch J, Dietrich W, Body S,
Murkin J, Nadel A. Platelet transfusions during coronary
artery bypass graft surgery are associated with serious
adverse outcomes. Transfusion 2004;44:1143-8.

Karkouti K, Wijeysundera DN, Yau TM, Beattie WS, Abdel-
naem E, McCluskey SA, Ghannam M, Yeo E, Djaiani G,
Karski J. The independent association of massive blood
loss with mortality in cardiac surgery. Transfusion 2004;44:
1453-62.

Miller BE, Mochizuki T, Levy JH, Bailey JM, Tosone SR,
Tam VK, Kanter KR. Predicting and treating coagulopathies
after cardiopulmonary bypass in children. Anesth Analg
1997;85:1196-202.

Guidelines for the use of platelet transfusions. Br ] Haema-
tol 2003;122:10-23.

Ferraris VA, Brown JR, Despotis GJ, Hammon JW, Reece TB,
Saha SP, Song HK, Clough ER, Shore-Lesserson LJ, Good-
nough LT, Mazer CD, Shander A, Stafford-Smith M, Waters
J, Baker RA, Dickinson TA, Fitzgerald D], Likosky DS,
Shann KG. 2011 update to the Society of Thoracic Surgeons
and the Society of Cardiovascular Anesthesiologists blood
conservation clinical practice guidelines. Ann Thorac Surg
2011;91:944-82.

Simon TL, Akl BF, Murphy W. Controlled trial of routine
administration of platelet concentrates in cardiopulmo-
nary bypass surgery. Ann Thorac Surg 1984;37:359-64.
Karlsson M, Ternstrom L, Hyllner M, Baghaei F, Flinck A,
Skrtic S, Jeppsson A. Prophylactic fibrinogen infusion
reduces bleeding after coronary artery bypass surgery. A
prospective randomised pilot study. Thromb Haemost
2009;102:137-44.

Rahe-Meyer N, Pichlmaier M, Haverich A, Solomon C,
Winterhalter M, Piepenbrock S, Tanaka KA. Bleeding man-
agement with fibrinogen concentrate targeting a high-
normal plasma fibrinogen level: a pilot study. Br ] Anaesth
2009;102:785-92.

Gorlinger K, Dirkmann D, Hanke AA, Kamler M, Kotten-
berg E, Thielmann M, Jakob H, Peters J. First-line therapy
with coagulation factor concentrates combined with point-
of-care coagulation testing is associated with decreased

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

allogeneic blood transfusion in cardiovascular surgery: a
retrospective, single-center cohort study. Anesthesiology
2011;115:1179-91.

Manco-Johnson MJ, Dimichele D, Castaman G, Fremann S,
Knaub §, Kalina U, Peyvandi F, Piseddu G, Mannucci P.
Pharmacokinetics and safety of fibrinogen concentrate.

J Thromb Haemost 2009;7:2064-9.

Hemker HC, Al Dieri R, De Smedt E, Beguin S. Thrombin
generation, a function test of the haemostatic-thrombotic
system. Thromb Haemost 2006;96:553-61.

Ogawa S, Szlam F, Chen EP, Nishimura T, Kim H, Roback
JD, Levy JH, Tanaka KA. A comparative evaluation of rota-
tion thromboelastometry and standard coagulation tests in
hemodilution-induced coagulation changes after cardiac
surgery. Transfusion 2012;52:14-22.

Fenger-Eriksen C, Jensen TM, Kristensen BS, Jensen KM,
Tonnesen E, Ingerslev J, Sorensen B. Fibrinogen substitu-
tion improves whole blood clot firmness after dilution with
hydroxyethyl starch in bleeding patients undergoing
radical cystectomy: a randomized, placebo-controlled
clinical trial. ] Thromb Haemost 2009;7:795-802.
Rahe-Meyer N, Solomon C, Hanke A, Schmidt DS, Kno-
erzer D, Hochleitner G, Sorensen B, Hagl C, Pichlmaier M.
Effects of fibrinogen concentrate as first-line therapy
during major aortic replacement surgery: a randomized,
placebo-controlled trial. Anesthesiology 2013;118:40-50.
Despotis GJ, Hogue CW. Pathophysiology, prevention, and
treatment of bleeding after cardiac surgery: a primer for
cardiologists and and an update for the cardiothoracic
team. Am J Cardiol 1999;83:15B-30B.

Levrat A, Gros A, Rugeri L, Inaba K, Floccard B, Negrier C,
David JS. Evaluation of rotation thrombelastography for
the diagnosis of hyperfibrinolysis in trauma patients. Br J
Anaesth 2008;100:792-7.

Plotkin AJ, Wade CE, Jenkins DH, Smith KA, Noe JC, Park
MS, Perkins JG, Holcomb JB. A reduction in clot formation
rate and strength assessed by thrombelastography is
indicative of transfusion requirements in patients with
penetrating injuries. ] Trauma 2008;64:564-8.

Chandler WL, Ferrell C, Trimble S, Moody S. Development
of a rapid emergency hemorrhage panel. Transfusion 2010;
50:2547-52.

Solomon C, Cadamuro J, Ziegler B, Schochl H, Varvenne
M, Sorensen B, Hochleitner G, Rahe-Meyer N. A compari-
son of fibrinogen measurement methods with fibrin clot
elasticity assessed by thromboelastometry, before and after
administration of fibrinogen concentrate in cardiac
surgery patients. Transfusion 2011;51:1695-706.

Hiippala S. Replacement of massive blood loss. Vox Sang
1998;74(Suppl 2):399-407.

Fergusson DA, McIntyre L. The future of clinical trials
evaluating blood substitutes. JAMA 2008;299:2324-6.
Sorensen B, Bevan D. A critical evaluation of cryoprecipi-
tate for replacement of fibrinogen. Br ] Haematol 2010;149:
834-43.

Volume 54, January 2014 TRANSFUSION 117



TANAKA ET AL.

27.

28.

29.

30.

31.

Rubens FD, Fergusson D, Wells PS, Huang M, McGowan JL,
Laupacis A. Platelet-rich plasmapheresis in cardiac
surgery: a meta-analysis of the effect on transfusion
requirements. J Thorac Cardiovasc Surg 1998;116:641-7.
Levy JH, Szlam F, Tanaka KA, Sniecienski RM. Fibrinogen
and hemostasis: a primary hemostatic target for the man-
agement of acquired bleeding. Anesth Analg 2012;114:261-
74.

Levi M, Cromheecke ME, de Jonge E, Prins MH, de Mol B]J,
Briet E, Buller HR. Pharmacological strategies to decrease
excessive blood loss in cardiac surgery: a meta-analysis of
clinically relevant endpoints. Lancet 1999;354:

1940-7.

Levy JH, Gill R, Nussmeier NA, Olsen PS, Andersen HF,
Booth FV, Jespersen CM. Repletion of factor XIII following
cardiopulmonary bypass using a recombinant A-subunit
homodimer. A preliminary report. Thromb Haemost 2009;
102:765-71.

Danes AF, Cuenca LG, Bueno SR, Mendarte Barrenechea L,
Ronsano JB. Efficacy and tolerability of human fibrinogen

118 TRANSFUSION Volume 54, January 2014

33.

34.

concentrate administration to patients with acquired
fibrinogen deficiency and active or in high-risk severe
bleeding. Vox Sang 2008;94:221-6.

Practice guidelines for perioperative blood transfusion and
adjuvant therapies: an updated report by the American
Society of Anesthesiologists Task Force on Peri-operative
Blood Transfusion and Adjuvant Therapies. Anesthesiology
2006;105:198-208.

Holcomb JB, Wade CE, Michalek JE, Chisholm GB, Zarza-
bal LA, Schreiber MA, Gonzalez EA, Pomper GJ, Perkins JG,
Spinella PC, Williams KL, Park MS. Increased plasma and
platelet to red blood cell ratios improves outcome in 466
massively transfused civilian trauma patients. Ann Surg
2008;248:447-58.

Schochl H, Nienaber U, Hofer G, Voelckel W, Jambor C,
Scharbert G, Kozek-Langenecker S, Solomon C. Goal-
directed coagulation management of major trauma
patients using thromboelastometry (ROTEM)-guided
administration of fibrinogen concentrate and prothrombin
complex concentrate. Crit Care 2010;14:R55. O





