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ABSTRACT

Background: Fibrinogen is suggested to play an important
role in managing major bleeding. However, clinical evi-
dence regarding the effect of fibrinogen concentrate (derived
from human plasma) on transfusion is limited. The authors
assessed whether fibrinogen concentrate can reduce blood
transfusion when given as intraoperative, targeted, first-line

* Professor, Clinic for Anesthesiology and Intensive Care Medi-
cine, Franziskus Hospital, Bielefeld, and Clinic for Anesthesiology
and Intensive Care Medicine, Hannover Medical School, Hannover,
Germany. T Associate Professor, Department of Anaesthesiology and
Intensive Care, Salzburger Landeskliniken SALK, Salzburg, Austria,
and Clinic for Anesthesiology and Intensive Care Medicine, Han-
nover Medical School. & Clinic for Anesthesiology and Intensive
Care Medicine, Hannover Medical School. § CSL Behring, Marburg,
Germany. | CSL Behring, Vienna, Austria. # Associate Professor,
Haemostasis Research Unit, Centre for Haemostasis and Thrombo-
sis, Guy’s and St Thomas NHS Foundation Trust and King’s College
London School of Medicine, London, United Kingdom, and Centre
for Haemophilia and Thrombosis, Aarhus University Hospital, Aar-
hus, Denmark. ** Professor, Clinic for Cardiothoracic, Transplant
and Vascular Surgery, Hannover Medical School.

Received from the Clinic for Anesthesiology and Intensive Care
Medicine, Hannover Medical School, Hannover, Germany. Submitted
for publication January 23, 2012. Accepted for publication August 10,
2012. Niels Rahe-Meyer, Cristina Solomon, Alexander Hanke, Benny
Serensen, Christian Hagl, and Maximilian Pichlmaier received research
funding from CSL Behring (Marburg, Germany) to perform this study.
Niels Rahe-Meyer has participated in advisory boards and received
speaker honoraria and research support from CSL Behring and Tem
International (Munich, Germany). Cristina Solomon has received
speaker honoraria and research support from Tem International and
CSL Behring. Benny Sgrensen has participated in advisory boards and/
or received speaker honoraria from Novo Nordisk (Bagsverd, Den-
mark), Baxter (Deerfield, Illinois), CSL Behring. Bayer (Leverkusen,
Germany), Tem International, and Biovitrum (Stockholm, Sweden).
Dirk Schmidt and Gerald Hochleitner are employees of CSL Behring.
Dietrich Knoerzer was an employee of CSL Behring throughout the
period of the study and during the data analysis. The study was spon-
sored (funded) by CSL Behring. Statistical support was provided by
ClinResearch GmbH (Aesch, Switzerland) and Accovion GmbH (Esch-
born, Germany). Hannover Clinical Trial Center, Hannover, Germany,
provided the monitoring as a contract research organization.

Address correspondence to Dr. Rahe-Meyer: Clinic for Anesthe-
siology and Intensive Care Medicine, Franziskus Hospital, Kiskerstr.
26, D-33615 Bielefeld, Germany. niels.rahe-meyer@franziskus.de.
This article may be accessed for personal use at no charge through
the Journal Web site, www.anesthesiology.org.

Copyright © 2012, the American Society of Anesthesiologists, Inc. Lippincott
Williams & Wilkins. Anesthesiology 2013; 118:40-50

Anesthesiology, V 118 * No 1

40

What We Already Know about This Topic

e Although fibrinogen plays an important role in hemostasis,
clinical evidence regarding the effect of administering fibrino-
gen concentrate remains limited

What This Article Tells Us That Is New

® In a placebo-controlled randomized trial including patients
(n = 61) undergoing aortic replacement surgery under car-
diopulmonary bypass, the transfusion of allogeneic blood
components was significantly reduced in the fibrinogen con-
centrate group (median 2 vs. 13U, P < 0.001)

hemostatic therapy in bleeding patients undergoing aortic
replacement surgery.

Methods: In this single-center, prospective, placebo-
controlled, double-blind study, patients aged 18 yr or older
undergoing elective thoracic or thoracoabdominal aortic
replacement surgery involving cardiopulmonary bypass
were randomized to fibrinogen concentrate or placebo,
administered intraoperatively. Study medication was given
if patients had clinically relevant coagulopathic bleeding
immediately after removal from cardiopulmonary bypass and
completion of surgical hemostasis. Dosing was individualized
using the fibrin-based thromboelastometry test. If bleeding
continued, a standardized transfusion protocol was followed.
Results: Twenty-nine patients in the fibrinogen concentrate
group and 32 patients in the placebo group were eligible for
the efficacy analysis. During the first 24 h after the administra-
tion of study medication, patients in the fibrinogen concentrate
group received fewer allogeneic blood components than did
patients in the placebo group (median, 2 zs. 13U; P < 0.001;
primary endpoint). Total avoidance of transfusion was achieved
in 13 (45%) of 29 patients in the fibrinogen concentrate group,
whereas 32 (100%) of 32 patients in the placebo group received
transfusion (2 < 0.001). There was no observed safety concern
with using fibrinogen concentrate during aortic surgery.

< This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.

@ This article is accompanied by an Editorial View. Please see:
Faraday N: Fibrinogen concentrate and allogeneic blood
transfusion in high risk surgery. AnesTHEsIOLOGY 2013; 118:7-9.
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Conclusions: Hemostatic therapy with fibrinogen con-
centrate in patients undergoing aortic surgery significantly
reduced the transfusion of allogeneic blood products. Larger
multicenter studies are necessary to confirm the role of
fibrinogen concentrate in the management of perioperative
bleeding in patients with life-threatening coagulopathy.

AJOR bleeding during complex surgery increases the
need for blood transfusions, prolongs the patient’s
stay in the intensive care unit (ICU), and is associated with
increased morbidity and mortality."* The standard treatment
of perioperative bleeding involves the transfusion of alloge-
neic blood components (erythrocytes, fresh frozen plasma
[FEP], platelet concentrate, or cryoprecipitate). Although
these components have become safer, there is evidence that
the transfusion of allogeneic blood components may be asso-
ciated with a risk of serious adverse events.>” Thus, treatment
approaches that can reduce transfusion appear desirable.
Clot strength increases with increasing concentrations
of fibrinogen, and fibrinogen levels higher than 200 mg/dl
have been suggested for optimal clot formation.®® Immedi-
ately after cardiopulmonary bypass (CPB), fibrin formation
is impaired to a greater extent than either thrombin genera-
tion or the platelet component of clot strength.” The plasma
concentration of fibrinogen'®!! and the firmness (elasticity/
strength) of the fibrin-based clot” have been reported to decrease
by an average of 34-42% in response to CPB. Furthermore, low
levels of fibrinogen are associated with an increased risk of post-
operative bleeding.'*'*'3 Overall, there is considerable evidence
to support fibrinogen supplementation as a first-line treatment
for coagulopathic bleeding among patients undergoing CPB.
Several studies have suggested that fibrinogen concentrate
therapy may be effective in controlling perioperative bleeding,
reducing transfusion requirements as well as blood loss.'"'*"
Fibrinogen concentrate is derived from human plasma and
does not contain relevant levels of other coagulation factors.”
Our group has developed and validated a model for individu-
alized dosing of fibrinogen concentrate,'”'® by measuring firm-
ness of the fibrin-based clot, which is mainly dependent on
plasma fibrinogen levels.'*?"* Maximum clot firmness (MCF)
of the fibrin-based clot can be monitored using a commercially
available fibrin-based thromboelastometry test (FIBTEM).'"#
A clinical study is needed to investigate the efficacy and
safety of fibrinogen concentrate in managing severe perioper-
ative bleeding. We hypothesized that fibrinogen concentrate
can reduce the need for blood transfusions without increas-
ing the rate of serious adverse events when given intraop-
eratively as individualized first-line hemostatic therapy in
bleeding patients undergoing aortic replacement surgery.

Materials and Methods

Study Design and Population
This phase 2, prospective, randomized, double-blind, pla-
cebo-controlled, parallel-group, stratified, clinical study was
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conducted at a single center (Hannover Medical School,
Hannover, Germany). It was approved by the Local Ethics
Committee in Hannover, Germany, and by the German
Regulatory Authorities; it was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice. The
study was assigned Local Ethics Committee reference code
no. 4891 M-mono, EudraCT trial no. 2007-004612-31, and
ClinicalTrials.gov identifier no. NCT00701142.

Patients aged 18 yr or older for whom elective aortic
replacement surgery involving CPB was planned and who
provided signed informed consent were enrolled between
June 2008 and April 2010. All aortic valve operations with
root/ascending aorta replacement (thoracic aortic aneurysm
[TAA]), with or without aortic arch replacement, and
thoracoabdominal replacements were eligible. Patients were
excluded from the study if they had undergone previous
surgery at the same aortic site, if they had a congenital or
acquired coagulation disorder, if they had a myocardial
infarction or stroke in the previous 2 months, or if they used
aspirin, clopidogrel, or vitamin K antagonists in the previous
2-5 days. All patients received antifibrinolytic prophylaxis
with tranexamic acid (30 mg/kg bodyweight as a preoperative
loading dose, followed by 1 mg/kg bodyweight/h throughout
surgery). CPB was established after aortic cannulation and
administration of 400 IU/kg heparin (Heparin-Natrium-
25000-ratiopharm®; Merckle GmbH, Blaubeuren, Germany).

Procedures

Before surgery, patients were randomized to receive either
fibrinogen concentrate or placebo; study medication was
administered if clinically relevant bleeding occurred. This
was defined as a 5-min bleeding mass of 60-250g imme-
diately after removal from CPB, neutralization of heparin
with protamine sulfate (Protamin Valeant, Valeant Pharma-
ceuticals GmbH, Eschborn, Germany; protamine-heparin
ratio of 1:1), and completion of surgical hemostasis, which
includes suture placement and electrocautery (or diathermy)
(fig. 1). Completion of surgical hemostasis consisted of surgi-
cal control of focal bleeding. Surgical hemostasis was deemed
to be complete if no obvious sources of bleeding were identi-
fied. A 5-min bleeding mass was subsequently determined
by weighing dry surgical cloths and compresses, applying
them to the surgical area for 5 min and weighing them again.
No irrigation of the operative field was performed during the
measurement of bleeding mass. Bleeding mass in the range
60-250 g was considered to be clinically relevant and coagu-
lopathic in nature; an upper limit was included because of the
life-threatening nature of massive bleeding. The thresholds
of 60 and 250 g were chosen based on clinical experience at
the authors’ center.””'® Randomized patients not eligible for
treatment or withdrawn from the study before 24 h after the
administration of study medication were replaced until there
were sufficient patients to provide primary efficacy endpoint
data for each study arm. Stratification was done according to
surgery type (thoracoabdominal aortic aneurysm or TAA).

Rahe-Meyer et al.
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Day-1to-3 Eligibility: inclusion / exclusion criteria except intra-

Baseline examination operative conditions, informed consent enrollment
Medical history

Viral safety, HRQoL, start recording AEs

Randomization

Day 0 | Surgery begins, CPB established, and aorta replaced |
Day of surgery T

| CPB removed |

v

| Heparin neutralized with protamine |

v

| Completion of surgical hemostasis*

-

Monitoring of clinically relevant bleeding L) g,'ggj?,ﬁg’;fgf%fm
5-min bleeding mass or bleeding of macro-
< vasculature (>250 g):

Clinically relevant bleeding Fatient not eligible

of microvasculature
Defined intraoperative | S g;%?gggitggt met:
conditlons Patient not eligible
Time 0 ADMINISTRATION OF STUDY MEDICATION |

Monitoring of clinically relevant bleeding ‘__I Give platelets |
5-min bleeding mass ,  OrFFP |

v v [

No clinically | Clinically relevant bleeding |
relevant bleeding ! of microvasculature |
Surgery ends |

Monitoring of clinically relevant bleeding - Give platelets |
until 24 hours after study medication ! or FFP |

30-min blood drainage volume

; |

No clinically Clinically relevant
relevant bleeding

bleeding
v

Day 3 or later Discharge from study center |
Day 10 Follow-up including final physical examination,

viral safety, AE recording

v

Day 45 Follow-up including viral safety, HRQoL,
SAE recording only

Fig. 1. Treatment algorithm and study design. Flowchart showing details of clinical steps, assessments performed, and treat-
ments administered throughout the study. AE = adverse event; CPB = cardiopulmonary bypass; FFP = fresh frozen plasma;
HRQoL = health-related quality of life; SAE = serious adverse event. * Standard control step to ensure no obvious sources of
surgical bleeding.
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Study medication was prepared in 50-ml opaque syringes
by the pharmacist, according to a randomization code gener-
ated by the contract research organization (Accovion GmbH,
Eschborn, Germany) using SAS (SAS Institute, Cary, NC)
(the investigator initially assigned a randomization number to
each patient). The randomization ratio of the treatment arms
in each stratum (thoracoabdominal aortic aneurysm and TAA)
was 1:1, with a block size of 4. Each 50-ml syringe contained
either 1g fibrinogen concentrate (Haemocomplettan P°, Ria-
STAP™; CSL Behring, Marburg, Germany) diluted in 50 ml
sterile water, or an equivalent volume of 0.9% saline as pla-
cebo. The medication was delivered to the operation room
upon request of the study investigator (anesthesiologist) and
administered intravenously within 5min of bleeding mea-
surement. In order for study medication to be administered,
patients had to fulfill the following conditions: activated clot-
ting time less than 150 s, body temperature higher than 36°C,
pH more than 7.3, and hemoglobin level higher than 8.5 g/dl.
To ensure blinding, only the pharmacist had access to the
randomization code; the use of opaque syringes ensured that
fibrinogen concentrate and placebo were visually identical.

Doses were determined from the MCF of the FIBTEM
test, using a model developed in previous studies for indi-
vidualizing fibrinogen concentrate dosing.'”'® The FIBTEM
test was performed by point-of-care thromboelastometry
(ROTEM?® device; TEM International, Munich, Germany),
using blood samples taken 20 min before the end of CPB.
The time taken to obtain the MCF value was 15 min. The
fibrinogen concentrate dose was calculated by the unblinded
point-of-care laboratory staff as follows: Fibrinogen concen-
trate dose (g) = (target FIBTEM MCF - actual FIBTEM
MCF) (mm) x (bodyweight [kg] / 70) x 0.5g/mm.'""18
The target FIBTEM MCEF was 22 mm. None of the blinded
personnel (investigator and staff of the operating room and
ICU) had access to FIBTEM or fibrinogen concentration
values after the administration of study medication.

Approximately 5min after the administration of study
medication, bleeding mass was measured again. A trans-
fusion algorithm was initiated in patients with a bleeding
mass of 60-250g as follows: if, upon removal of the aor-
tic clamp, platelet count was lower than 100,000/pl, 2 U of
apheresis platelet concentrate was administered; if platelet
count was 100,000/pl or higher, 4U FFP was administered
in approximately 10min. Subsequently, 5-min bleeding
mass was reevaluated. If clinically relevant bleeding contin-
ued, the patient was given the blood component (platelet
concentrate/FFP) not administered after the first bleed, and
5-min bleeding mass was again measured. Transfusion pack-
ages of 1U platelet concentrate and 2 U FFP were adminis-
tered until the 5-min bleeding mass was less than 60 g. Upon
completion of hemostatic therapy, the thorax was closed (last
suture = end of surgery), and the patient was transferred to
the ICU. In the event of blood drainage higher than 400 ml
during 1h in the ICU, 1U platelet concentrate and 2 U FFP
were administered. Erythrocytes were also administered after
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CPB to maintain a hemoglobin level higher than 8-5g/dl
Fibrinogen levels were measured using the Clauss assay,
before and after the administration of study medication.

Study Endpoints
The primary endpoint was the total number of units of
allogeneic blood components (erythrocytes plus FFP plus
platelet concentrate) given to patients between the admin-
istration of study medication and 24 h thereafter. Secondary
endpoints included the number of units of each individ-
ual allogeneic blood component given (erythrocytes, FFD,
and platelet concentrate), the proportion of patients who
received no allogeneic blood components (total avoidance),
the number of days not in the ICU or hospital during the
45 days after surgery (assumed to be zero for patients dying
within that period), and mortality at 45 days after surgery.
Safety was assessed principally by treatment-emergent adverse
events occurring within 10 days of treatment. The follow-up
period for serious adverse events was 45 days. Patients were
monitored for viral seroconversion by hepatitis A virus, hepatitis
B virus, hepatitis B core, hepatitis B surface antigen, hepatitis C
virus, human immunodeficiency virus 1 and 2, and parvovirus
B19 testing (enzyme immunoassays and polymerase chain
reaction were used). In accordance with Good Clinical Practice,
the study sponsor evaluated safety data throughout the study.

Statistical Analysis

Sixty patients were planned for the primary endpoint based on
an assumed difference between the treatment group means of
4-25+5.3U (where 5.3 is the SD) with a two-sided type I error
rate of 5% and more than 80% power for the nonparametric
Wilcoxon rank sum test. These assumptions were derived from
a previously reported average transfusion of 8-:5+5.3 U during
TAA surgery."” We assumed that the use of fibrinogen concen-
trate would reduce transfusion of allogeneic blood products by
50% compared with the standard-of-care group. The efficacy
and safety analyses included all patients who were randomized
and received study treatment. This was not strictly an inten-
tion-to-treat analysis because of the need to randomize patients
before ascertaining whether they met the study inclusion cri-
teria (if randomization had been performed after establishing
that patients met the study inclusion criteria, hemostatic ther-
apy would have been delayed unethically).

Inferential testing of the primary efficacy endpoint was
based on a nonparametric Wilcoxon rank sum test with a
two-sided type I error rate of 5%, testing the null hypothesis
of no difference between the treatment groups. An unstrati-
fied Hodges—Lehman point estimate and the corresponding
two-sided 95% CI for the treatment difference were also cal-
culated. The primary endpoint was found to have a positively
skewed nonnormal distribution. The proportion of patients
receiving no allogeneic blood components within the first
24h after start of infusion of study medication was analyzed
in an exploratory manner applying a chi-square test.

Rahe-Meyer et al.
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Screened for
participation (n=80)
Enroliment ¢
Randomized (n=80)
Allocated to fibrinogen Allocated to placebo
concentrate (n=38) (n=42)
Received allocated Received allocated
intervention (n=29) intervention (n=32)
Did not receive allocated Did not receive allocated
intervention (n=9) intervention (n=10)
[5-min bleeding [5-min bleeding
Allocation mass >250 g, n=8; mass >60 g, N=6;
indication changed 5-min bleeding
during operation, n=1] mass >250 g, n=1;
indication changed
during operation, n=1;
FIBTEM MCF >22 mm,
n=1; withdrawn for
other reason, n=1]
Premature discontinuation, Premature discontinuation,
within 24 hours of study within 24 hours of study
medication (n=0) medication (n=1)
Premature discontinuation, Death (n=1)
Follow-up | between 1 and 45 days Premature discontinuation,
after study medication between 1 and 45 days
(n=1) after study medication
Death (n=1) (n=3)
Death (n=3)
: Population for efficacy and Population for efficacy and
Analysis safety analyses (n=29) safety analyses (n=32)

Fig. 2. Patient disposition. Flowchart showing patient numbers throughout the study, including details of withdrawals and the
analysis population. FIBTEM = fibrin-based thromboelastometry test; MCF = maximum clot firmness.

Exploratory analysis was performed for selected second-
ary endpoints (24-h transfusion of erythrocytes, FFP, and
platelet concentrate [each component analyzed separately]).
Additional analyses were performed for fibrinogen and
hemoglobin using the two-sample # test for normally dis-
tributed outcomes and the Wilcoxon rank sum test for out-
comes with a skewed distribution.

All other secondary efficacy endpoints were analyzed by
descriptive statistics, with values typically presented as mean
+ SD. For the between-group comparison of safety out-
comes, risk ratios with 95% Cls were calculated where pos-
sible (nonzero incidence).

Data for the main efficacy endpoints are presented as
median (with interquartile range, between the 25th and the

Anesthesiology 2013; 118:40-50
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75th percentiles) values because the data were not normally
distributed. SAS version 9.1.3 (SAS Institute) was used for all
of the statistical analyses, except the Wilcoxon rank sum test,
which was performed using StatXact (version 8.1; Cytel, Cam-
bridge, MA).

Results

Patient Disposition

Of 80 patients screened, 61 were randomized and treated
(fig. 2). Of these, 18 patients underwent thoracoabdomi-
nal aortic aneurysm surgery, 22 underwent TAA with arch
surgery, and 21 underwent TAA without arch surgery
(table 1). The two treatment groups had similar perioperative

Rahe-Meyer et al.
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characteristics, and the population was typical for patients
undergoing aortic surgery (table 1). Preoperative mean =+
SD FIBTEM MCEF was 17.9+6.1 mm in the fibrinogen
concentrate group and 16.4 + 3.8 mm in the placebo group.

Dose of Study Medication

On the basis of MCF values from the FIBTEM test per-
formed during CPB, a median dose of 8g (interquartile
range [IQR], 6-9¢) of fibrinogen concentrate was admin-
istered to patients in the fibrinogen concentrate group

(median volume, 400 ml; IQR, 300-450 ml). The median

volume of study medication administered to the placebo
group was also 400ml (IQR, 300-450ml). These doses
were calculated from the FIBTEM MCF of samples taken
approximately 20 min before removal from CPB; the mean
MCEF was 9.7 +3.1 mm in the fibrinogen concentrate group
and 9.5+2.7mm in the placebo group. As shown in table
1, the two study groups were also comparable immediately
before the administration of study medication (after removal
from CPB, administration of protamine, and completion of
surgical hemostasis), in terms of 5-min bleeding mass and
activated clotting time.

Table 1. Patients’ Characteristics and Perioperative Data (Fibrinogen Concentrate, N = 29; Placebo, N = 32)
Fibrinogen Concentrate Placebo
Males, n (%) 19 (66) 25 (78)
Females, n (%) 10 (34) 7 (22)
Age, mean + SD, yr 59+14 61+12
Weight, mean + SD, kg 88+18 87+20
Body mass index, mean + SD, kg/m? 28+5 28+5
Obesity (body mass index >30kg/m2), n (%) 7 (24) 7 (22)
Diabetes mellitus, n (%) 2 (7) 1)
Hypertension, n (%) 21 (72) 25 (78)
Hyperlipidemia, n (%) 7 (24) 7 (22)
Previous myocardial infarction, n (%) 9 (31) 6 (19)
Previous heart operation, n (%) 517) 2 (6)
Smoking, n (%) 8 (28) 8 (25)
Preoperative data
FIBTEM MCF, mean + SD, mm 18+6.1 16+3.8
Plasma fibrinogen concentration, mean + SD, mg/dl 304 +99 289+63
Hemoglobin concentration, mean + SD, g/dl 12.5+1.3 13.2+1.3
Platelet count, median (IQR), x10%/I 208 (182-226) 185 (166-223)
aPTT, median (IQR), s 31 (29-32) 32 (30-34)
PT, median (IQR), s 14.2 (13.8-14.8) 14.4 (13.7-14.9)
Antithrombin, median (IQR), % 82 (76-90) 81 (74-90)
Operation data
CPB time, mean + SD, min 48+7 51+5
Operation type TAAA, n (%) 8 (28) 10 (31)
Operation type TAA with arch, n (%) 12 (41) 10 (31)
Operation type TAA without arch, n (%) 9 (31) 12 (38)
5-min bleeding mass before administration of study 121+50 116+46
medication, mean + SD, g
Activated clotting time before administration of study 134+12 13014

medication, mean + SD, s
Postoperative outcome data

ICU-free time during first 45 days postoperatively, median
(IQR), days

Hospitalization-free time during first 45 days postoperatively,

median (IQR), days
Blood drainage volume between last suture and 24 h after
study medication, median (IQR), ml

43.1 (40.2-44.1)" 42.7 (41.1-44.1)}

31 (24-35)* 33 (24-36)7

650 (480-1,305) 850 (655-1,565)

Data are presented as mean = SD, median (IQR), or absolute and percentage frequency.

* One patient died during the 45-day period; a value of zero was attributed to this patient for ICU- and hospitalization-free time.
1 Four patients died during the 45-day period; a value of zero was attributed to these patients for ICU- and hospitalization-free time.
aPTT = activated partial thromboplastin time; CPB = cardiopulmonary bypass; FIBTEM = fibrin-based thromboelastometry test;
ICU = intensive care unit; IQR = interquartile range; MCF = maximum clot firmness; N = total number of patients; n = number of patients
in given category; PT = prothrombin time; TAA = thoracic aortic aneurysm; TAAA = thoracoabdominal aortic aneurysm.

Anesthesiology 2013; 118:40-50 45

Rahe-Meyer et al.

2202 U2Jel L0 uo 1senb Aq ypd'G1L000-00010€ 102-27S0000/6. L 6SZ/0%/1/81 L/spd-sjoue/ABojoisayisaue/Bio byese sgnd;/:dny woly papeojumoq



Table 2. Efficacy Endpoints

Fibrinogen Concentrate Therapy in Aortic Surgery

Fibrinogen Concentrate Placebo
Endpoint N Value N Value Point Estimate* P Value
Primary endpoint
No. units of allogeneic blood
components within 24 h after
infusion of study medication,
median (IQR)
All patients 29 2 (0-8) 32 13 (8-21) -9 (-13 to -6) <0.001
TAAA 8 2 (0-5) 10 17 (10-26) NC¥ NCt
TAA with arch surgery 12 2 (0-13) 10 14 (9-21) NC¥ NCt
TAA without arch surgery 9 0(0-7) 12 9 (7-14) NC+ NCt
Secondary endpoints
No. patients with total 29 13 (45%) 32 0 (0%) NC <0.001
avoidance of allogeneic blood
components, n (%)
Units of packed red blood 29 0(0-3) 32 2 (2-5) -2 (-21t00) 0.007
cells (erythrocytes), median
(IQR)
Units of FFP, median (IQR) 29 0 (0-4) 32 8 (4-10) -5 (-8to -4) <0.001
Units of platelet concentrate, 29 0(0-2) 32 4 (2-5) -2 (-3to-2) <0.001

median (IQR)%

* Unstratified Hodges-Lehmann point estimate and corresponding nonparametric 95% CI calculated for determination of the reduc-
tion.} Point estimates and P values were not calculated for these subgroups because of assumed small sample size and between-group
imbalances. i One unit of apharesis platelet concentrate = 6-8 U of single donor platelets.

FFP = fresh frozen plasma; IQR = interquartile range; N = total number of patients; NC = not calculated; TAA = thoracic aortic aneurysm;

TAAA = thoracoabdominal aortic aneurysm.

Primary and Secondary Efficacy Endpoints

During the 24-h period after start of study medication,
patients treated with fibrinogen concentrate received fewer
units of allogeneic blood components (median, 2 U; IQR,
0-8U) than patients treated with placebo (median, 13 U;
IQR, 8-21U); the treatment difference (-9 U; 95% CI, -13
to —~6U) was statistically significant (P <0.001, table 2). A
sensitivity analysis was performed, excluding patients who
dropped out within 24h of the administration of study
medication (one patient in the placebo group). This showed
a similar treatment difference (-8 U; 95% CI, -13 to -6 U).
The treatment difference was also generally similar for each
of the aortic replacement procedures included in the study.
The number of units of erythrocytes, FFP, and platelet con-
centrate administered during the 24h after start of study
medication was lower in the fibrinogen concentrate group
than that in the placebo group (table 2). These treatment dif-
ferences were statistically significant for erythrocytes (reduc-
tion, -2 U; P = 0.007), FFP (reduction, -5U; P < 0.001)
and platelet concentrate (reduction, -2U; P < 0.001).

Total avoidance of transfusion was achieved in 13 of
29 patients (45%) in the fibrinogen concentrate group; in
contrast, 32 of 32 patients (100%) in the placebo group
received treatment with allogeneic blood components to
control their coagulopathic bleeding (2 < 0-001). The mean
fibrinogen concentration and the mean FIBTEM MCF were
similar in the two study groups at all time points except for
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the first measurement after the administration of study drug
(at the “last suture” time point, ie., end of surgery), when
higher values were observed in the fibrinogen concentrate
group (fibrinogen level, 260 vs. 189 mg/dl; P < 0.001; table 3;
FIBTEM MCE 16.2+2.8 vs. 11.5+3.3mm; P < 0.001).
There was no between-group difference in hemoglobin at any
time point (table 3). Numbers of ICU-free days and hospital-

free days were also similar in the two study groups (table 1).

Safety
Similar proportions of patients in each treatment group
reported treatment-emergent adverse events (relative risk,
1.0; table 4). The majority of treatment-emergent adverse
events reported were typical for patients undergoing cardiac
surgery, the most common ones being pleural effusion and
atrial fibrillation. None of the treatment-emergent adverse
events reported in the study was considered to be related to
study medication, and none led to discontinuation from the
study. Reoperation because of persistent bleeding was under-
taken in four patients in the fibrinogen concentrate group
and four patients in the placebo group. Although this consti-
tuted a relative risk of 4.4, there was no significant between-
group difference. In all five patients, a surgical source of
bleeding was identified during reoperation.

The incidence of serious adverse events was similar
in both study groups (relative risk, 1.1). More serious
adverse events led to death in the placebo group wversus
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Table 3. Changes in Fibrinogen and Hemoglobin Levels over Time (Fibrinogen Concentrate, N = 29; Placebo, N = 32)

Time Point Fibrinogen Concentrate Placebo Difference
Fibrinogen, mg/dl, plasma
Before surgery 304 +99 289+63 16 (-26 to 58)
20min before removal of CPB 166+38 161+36 5(-14 to 24)
Immediately after removal from CPB (before 157+40 155+40 —2 (-18 to 23)
administration of study medication)
At time of last suture (i.e., end of surgery, after 260+48 189+34 70 (49 to 91)*
administration of study medication)
1 day after surgery 343+74 333547 10 (-24 to 43)
Hemoglobin, g/dl
Before surgery 12.5+£1.3 13.2+1.3 -0.6 (-1.3t0 0.0)
20min before removal of CPB 9.4+1.0 9.6+1.1 -0.2 (-0.8t0 0.3)
Immediately after removal from CPB 9.7+0.9 10.0+£0.9 -0.3(-0.8t00.2)
At time of last suture 10.0+1.1 9.7+1.6 0.3(-0.41t01.0)
1 day after surgery 10411 10.1+£0.9% 0.3(-0.2t00.9)

Data are presented as mean + SD, except “difference,” which is presented as mean (95% Cl).

* Statistically significant difference between groups (P < 0.001). { n = 31 (data unavailable for one patient who died within 24h). £ n =30
(hemoglobin data were unavailable at this time point for two patients, including one who died within 24 h).

CPB = cardiopulmonary bypass.

the fibrinogen concentrate group (four patients vs. one
patient, respectively). Although the relative risk was 0.3,
there was no significant between-group difference. None of
the serious adverse events was considered related to study
medication. Cardiorespiratory arrest (day 1) and later death
due to brain herniation and myocardial infarction (day 28)
were reported in a 77-yr-old fibrinogen concentrate patient
with a previous history of myocardial infarction, coronary
angioplasty, and obesity who underwent repair of TAA and
arch. Cardiorespiratory arrest was reported while the patient
was being transferred for a computed tomography scan with
unstable respiratory status. Resuscitation was successful.
Except for this patient, no potentially thromboembolic
events were reported in the fibrinogen concentrate group.
In the placebo group, two thromboembolic events were

reported (one pulmonary embolism and one air embolism).
There were no viral transmissions in either study group.

Discussion

This study demonstrates that fibrinogen concentrate, admin-
istered intraoperatively as targeted first-line hemostatic
intervention, reduces the need for transfusion of allogeneic
blood products in patients undergoing complex aortic surgery.
The median transfusion of allogeneic blood components
was reduced by 85% among patients receiving fibrinogen
concentrate (2U transfused) compared with placebo (13U
transfused). Total avoidance of allogeneic blood components
in 13 of 29 patients (45%) treated with fibrinogen concentrate

Table 4. Major Safety Endpoints (Fibrinogen Concentrate, N = 29; Placebo, N = 32)

Safety Endpoint Fibrinogen Concentrate Placebo Relative Risk
TEAEs (10-day follow-up) 24 (83%) 27 (84%) 1.0 (0.8-1.2)
SAEs (45-day follow-up) 5(17%) 5 (16%) 1.1 (0.4-3.4)
SAEs leading to death 1 (B8%) 4 (13%) 0.3 (0.0-2.3)
Myocardial infarction 1 (3%)* 0 NC
Cardiorespiratory arrest 0 1 (8%) NC
Cerebral hemorrhage 0 1 (3%) NC
Cerebral infarction 0 1 38%) NC
Operative hemorrhage 0 1 (B%) NC
Reoperation because of surgical bleeding 4 (14%) 4 (13%) 1.1 (0.3-4.0)
Viral transmissions 0 0 NC

Data are presented as n (%) of patients, except for relative risk, which is presented with the 95% Cl in parentheses.
*Reported as follow-up TEAE, 28 days after infusion of fibrinogen concentrate; cause of death was brain herniation and myocardial

infarction.

N = total number of patients; NC = not calculated; SAE = serious adverse event; TEAE = treatment-emergent adverse event.
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is of high clinical relevance, considering that all patients in
the placebo group received allogeneic blood components.

These outcomes may be attributable to plasma fibrinogen
concentration being raised more quickly and to higher
levels among patients receiving fibrinogen concentrate
compared with those who received placebo. The use of
fibrinogen concentrate instead of allogeneic blood products
has important clinical implications. Fibrinogen concentrate
is immediately available for reconstitution, with no need
for thawing or blood group matching, and has a low
administration volume.? It can therefore be administered in
less time than either FFP or cryoprecipitate, decreasing the
time to control bleeding. In the context of severe bleeding,
the administration of 6 g fibrinogen concentrate in 1-2 min
has been reported feasible.' In contrast, FFP administration
causes hemodilution, and the concentration of fibrinogen
in FFP (approximately 200 mg/dl)*' limits the extent to
which fibrinogen levels can be increased. Cryoprecipitate
provides a considerably higher concentration of fibrinogen
(300-600 mg in 20-50 ml,* corresponding to a range of
600-3000 mg/dl), but this concentration is more variable
than with fibrinogen concentrate, meaning that doses
cannot be controlled as accurately.”” In addition, as with
FFP, blood group matching is required before administering
cryoprecipitate.” The use of fibrinogen concentrate along with
other coagulation factor concentrates such as prothrombin
complex concentrate, in the context of a treatment algorithm
based on viscoelastic point-of-care coagulation testing,
was recently shown to decrease blood transfusion and
thrombotic events among cardiovascular surgery patients.”
This approach is of particular interest because it enables the
comprehensive treatment of coagulopathy using coagulation
factor concentrates, with the potential for larger reductions
in allogeneic blood transfusions than can be achieved with
fibrinogen alone.

Postoperative data show that the increase in fibrinogen
levels, relative to the placebo group, was only transitory (less
than 24 h), and this may be viewed positively from a safety
perspective. The safety profile of fibrinogen concentrate was
similar to that of placebo. This study was not designed to
detect differences between fibrinogen concentrate and pla-
cebo in morbidity or mortality. Nevertheless, the lack of
conclusive between-group differences in safety is consistent
with the previously reported safety of fibrinogen concentrate,
including a very low risk of thromboembolic complications
and an excellent margin of virus safety.”” Four patients in
the fibrinogen concentrate group underwent reoperation
compared with one in the placebo group. Surgical bleeding
was identified in all five of these cases. In general, the pos-
sible reasons for reoperation are multifactorial, and there is
no indication in this study that the reasons were related to
study medication. The reoperation data are inconsistent with
the overall reduction in the use of allogeneic blood products
in the fibrinogen concentrate group. Importantly, all allo-
geneic blood products administered within 24h of study
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medication were included in the primary endpoint, includ-
ing those used during and after reoperation, and all patients
left the operating room with a 5-min bleeding mass less than
60g.

This is the largest randomized, double-blind, placebo-
controlled study of fibrinogen concentrate therapy. It is
the first such study of fibrinogen concentrate administered
intraoperatively as first-line hemostatic therapy, and the first
placebo-controlled study of fibrinogen concentrate among
patients undergoing complex cardiovascular surgery. Only
two previous prospective randomized clinical studies of
fibrinogen concentrate have been performed.'*!° In the first
one, patients undergoing cystectomy (n = 20) with blood
loss substituted by hydroxyethyl starch exhibited a significant
increase in MCF after fibrinogen supplementation (45 mg/
kg) versus placebo. Transfusion and blood loss were similar
in the two groups during surgery, whereas erythrocytes were
administered to eight patients in the placebo group versus
two in the fibrinogen group postoperatively (P < 0.05). The
second study, performed in 20 coronary bypass graft patients,
showed that the preoperative, prophylactic administration
of fibrinogen concentrate (2g) reduced blood loss by 32%
(P = 0.010).'° Blood transfusions were undertaken in one
patient in the fibrinogen group compared with three in
the placebo group. The present study cohort was relatively
homogeneous, and the different types of operation were
equally distributed between the two treatment groups,
ensuring that they were comparable. Assessments such as
fibrinogen concentration and prothrombin time confirm the
comparability of the two groups before the administration
of study medication. By administering study medication
intraoperatively, patients received study medication during a
period when, if treatment consisted only of allogeneic blood
products, the patient would only have been monitored while
blood products are prepared. Consequently, this placebo-
controlled study may also be considered as a comparison of
fibrinogen concentrate with standard hemostatic treatment
based on FFP and platelet concentrate.

Dosing in our study was based on viscoelastic point-
of-care coagulation testing to obtain results more quickly
than standard laboratory parameters.'** Bleeding manage-
ment guidelines are beginning to advocate the use of visco-
elastic methods.?®*** However, consideration is required as
to which viscoelastic methods are used: recent data showed
that simultaneous performance of several ROTEM assays
(e.g., INTEM, EXTEM, FIBTEM, and HEPTEM) is bet-
ter able to distinguish different coagulopathies than a sin-
gle kaolin-activated thrombelastography assay.’! FIBTEM
is a viscoelastic test designed to measure firmness of a clot
formed in the presence of a platelet inhibitor (i.e., fibrin-
based clot firmness).!"* Importantly, FIBTEM does not
provide a measurement of fibrinogen concentration. Firm-
ness of the fibrin-based clot is measured in ST units (Systéme
International d’Unités) that are completely different from
those of fibrinogen concentration (dyne/cm? or gigapascal,
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as opposed to g/l or mol/l).>* Nevertheless, studies have
shown correlation between FIBTEM MCF and measure-
ments of fibrinogen concentration.'** The aim was to
restore FIBTEM MCEF to 22 mm, higher than the mean
preoperative baseline level of 16—-18 mm and at the high end
of the normal range (9—25 mm). This target was chosen to
allow fibrinogen concentrate to be effective as a pharmaco-
logical hemostatic agent. There is evidence that fibrinogen
deficiency is the primary problem associated with hemodi-
lution,® and that fibrinogen supplementation may compen-
sate for reduced platelet levels.®* Twenty-two millimeters
typically corresponds to a fibrinogen level of approximately
360 mg/dl,'® which is within the normal range of
163-458 mg/dl** and similar to the normal value of
330 mg/dl reported for patients older than 60 yr.** Histori-
cally, the threshold plasma concentration for fibrinogen
supplementation was set at 100 mg/dl.***” Newer recom-
mendations give this threshold as more than 150 mg/
dl.203%3% A higher target may be appropriate because clot
firmness continues to increase with fibrinogen concentra-
tion throughout the normal range.”

The present study has several limitations. Our analysis
does not strictly meet the definition for intention to treat.
To avoid delaying treatment, patients were randomized to
treatment before the presence of clinically significant coagu-
lopathic bleeding was determined. Selection bias was not
introduced because patients’ entry to the study was based
on predefined, objective criteria as opposed to clinical judg-
ment, and because the criteria were the same for both study
groups. The use of 5-min bleeding mass as a study inclusion
criterion and as a trigger for the transfusion of allogeneic
blood products provides an objective assessment of bleed-
ing rate, but the authors recognize that it is not the cur-
rent standard trigger for hemostatic intervention and that
it may not be applicable in all clinical settings. However, we
are confident this method allowed accurate and reproducible
measurement of blood loss in the present setting. Patients
with preoperative coagulation disorders or anticoagulation
therapy were excluded, meaning that the applicability of the
results to such patients may be limited. However, homoge-
neity of the study cohort was increased, enhancing compari-
son of the two treatment groups. This study is also limited
by its small sample size and use of a single center. Thus,
the robust assessment of safety (i.c., low-frequency adverse
events) is not possible. However, the sample size was deter-
mined statistically from an assumption that the use of alloge-
neic blood products would be reduced by 50%, a reduction
of clinical and practical relevance. Also, while the use of a
single center may limit applicability to other centers, it will
also have reduced variability in personnel and clinical pro-
cedures. There is now a need for further studies of fibrino-
gen concentrate in different surgical fields, in patients with
different preoperative conditions, and in larger numbers of
patients to analyze factors that may influence efficacy and
to confirm the observed safety profile. Ideally, such studies
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would be randomized and controlled with true intention-to-
treat analysis, while also remaining ethical.

In conclusion, this study in patients undergoing aortic
replacement surgery has shown that targeted first-line treat-
ment with fibrinogen concentrate is able to reduce the trans-
fusion of allogeneic blood products. If confirmed in larger,
multicenter studies, fibrinogen concentrate administration
would provide a concrete means of reducing or eliminating
transfusions. Consequently, this therapeutic approach has
the potential to change the treatment paradigm for periop-
erative bleeding in patients with potentially life-threatening
coagulopathy.

Medical writing support was provided by Ken Sutor, B.Sc. (Merid-
ian HealthComms Ltd, Cheshire, United Kingdom), and Julia Forjanic
Klapproth, Ph.D. (Trilogy Writing & Consulting GmbH, Frankfurt, Ger-
many). The authors thank Brigitte Buchalik (Medical Technician, Clinic
for Anesthesiology and Intensive Care Medicine, Hannover Medical
School, Hannover, Germany) for her important contribution to this
study: blood sample collection, performance of coagulation tests, and
data collection.
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