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Use of human fibrinogen concentrate during proximal aortic
reconstruction with deep hypothermic circulatory arrest
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ABSTRACT

Objective: Human fibrinogen concentrate (HFC) is approved by the Food and
Drug Administration for use at 70 mg/kg to treat congenital afibrinogenemia.
We sought to determine whether this dose of HFC increases fibrinogen levels in
the setting of high-risk bleeding associated with aortic reconstruction and deep
hypothermic circulatory arrest (DHCA).

Methods: This was a prospective, pilot, off-label study in which 22 patients un-
dergoing elective proximal aortic reconstruction with DHCA were administered
70 mg/kg HFC upon separation from cardiopulmonary bypass (CPB). Fibrinogen
levels were measured at baseline, just before, and 10 minutes after HFC adminis-
tration, on skin closure, and the day after surgery. The primary study outcomewas
the difference in fibrinogen level immediately after separation from CPB, when
HFC was administered, and the fibrinogen level 10 minutes following HFC
administration. Additionally, postoperative thromboembolic events were assessed
as a safety analysis.

Results: The mean baseline fibrinogen level was 317 � 49 mg/dL and fell to
235 � 39 mg/dL just before separation from CPB. After HFC administration, the
fibrinogen level rose to 331 � 41 mg/dL (P<.001) and averaged 372 � 45 mg/dL
the next day. No postoperative thromboembolic complications occurred.

Conclusions: Administration of 70 mg/kg HFC upon separation from CPB raises
fibrinogen levels by approximately 100 mg/dL without an apparent increase in
thrombotic complications during proximal aortic reconstruction with DHCA.
Further prospective study in a larger cohort of patients will be needed to defini-
tively determine the safety and evaluate the efficacy of HFC as a hemostatic
adjunct during these procedures. (J Thorac Cardiovasc Surg 2016;151:376-82)
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Use of fibrinogen concentrate as a hemostatic adjunct

in aortic surgery.
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Central Message

Fibrinogen concentrate may be a useful hemo-

static adjunct during aortic reconstruction with

hypothermic circulatory arrest.
Perspective

In this prospective, pilot study it is shown that

fibrinogen concentrate administered at the

FDA-approved dose (70 mg/kg) increased

serum fibrinogen by approximately

100 mg/dL without an apparent increase in

thrombotic complications during proximal

aortic reconstruction with DHCA, suggesting

fibrinogen concentrate may be a useful adjunct

for coagulopathy management during these

procedures.
See Editorial Commentary page 383.

See Editorial page 296.
Surgery of the aortic arch with deep hypothermic circula-
tory arrest (DHCA) is often associated with coagulopathic
bleeding as a result of coagulation factor consumption dur-
ing prolonged periods of cardiopulmonary bypass (CPB)
and hypothermia-related platelet dysfunction.1 Fibrinogen
consumption is particularly exaggerated during these proce-
dures, and the ability to replete fibrinogen represents an
important element for the correction of this coagulopathy.1

Fibrinogen is traditionally replaced by transfusion with
plasma or cryoprecipitate.2,3 However, in addition to the
increased morbidity and mortality risk that results from
large volume blood product transfusion,3-5 the use of
plasma or cryoprecipitate for fibrinogen replacement has
several specific disadvantages.6 First, the amount of fibrin-
ogen given with plasma or cryoprecipitate transfusion is un-
known, prohibiting the ability to replete fibrinogen in a
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Abbreviations and Acronyms
CPB ¼ cardiopulmonary bypass
DHCA ¼ deep hypothermic circulatory arrest
FDA ¼ Food and Drug Administration
HFC ¼ human fibrinogen concentrate
PRBC ¼ packed red blood cells
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targeted manner. Second, cryoprecipitate and plasma deliv-
ery requires product thawing, which can result in critical de-
lays in the setting of acute operative bleeding. Third, there is
no virus inactivation or elimination process for cryop-
recipitate, imparting the risk of virus transmission upon
transfusion. Lastly, plasma and cryoprecipitate contain allo-
antigens, which can result in anaphylaxis or less severe hy-
persensitivity reactions.6

For these reasons, human fibrinogen concentrate (HFC)
(RiaSTAP; CSL Behring, Marburg, Germany) represents
an attractive alternative for the correction of acquired fibrin-
ogen deficiency compared with plasma or cryoprecipitate.
HFC is a highly purified, lyophilized, virus-inactivated
fibrinogen powder manufactured from human plasma. Cur-
rent evidence suggests that fibrinogen concentrates are well
tolerated and can quickly restore hemostasis in patients with
fibrinogen deficiencies.7,8 Several European reports on the
use of HFC for trauma-related massive hemorrhage and ac-
quired perioperative fibrinogen deficiency, including in the
setting of cardiothoracic surgery, have also been published
previously.9-16 However, in the United States, HFC is
reserved for replacement therapy in congenital fibrinogen
deficiency and reports in the United States testing the
efficacy of HFC in correcting acquired fibrinogen
deficiency in aortic surgery are lacking. As such, the
primary aim of this study was to test the hypothesis that
use of HFC at the approved US Food and Drug
Administration (FDA) dose of 70 mg/kg increases
fibrinogen levels in the high-risk setting of coagulopathic
bleeding of proximal aortic reconstruction with hemiarch
replacement after DHCA.
PATIENTS AND METHODS
Study Design and Patient Population

This was a single-center, prospective, pilot, off-label study designed to

determine whether HFC increases fibrinogen levels when administered as

a 1-time 70 mg/kg dose upon separation from CPB during nonemergent

proximal aorta/hemiarch reconstruction with DHCA. The study protocol

was approved by the Duke University Medical Center Institutional Re-

view Board, and informed consent was obtained from each patient who

was enrolled. Patients aged �18 years undergoing nonemergent proximal

thoracic aortic reconstruction (ascending aorta with or without aortic

valve or root) with hemiarch replacement and DHCA from December

2010 to April 2012 were eligible for the study. Exclusion criteria were

concomitant coronary artery bypass grafting, coronary artery stenting

within the past 3 years, refusal of blood transfusion, myocardial infarc-

tion within the past 3 months, pregnancy, an international normalized
The Journal of Thoracic and Ca
ratio >1.5, thienopyridines within 5 days of surgery, aspirin (325 mg)

within 48 hours of surgery (81 mg aspirin was acceptable), platelet

count< 100,000/mm3, inability to obtain written informed consent, and

known coagulopathy.

Conduct of Surgery
Surgical techniques and the conduct of operation used for proximal

aortic repair and hemiarch replacement were as described previously.17

Porcine heparin was administered as a 300 U/kg bolus and then supple-

mented to maintain an activated clotting time longer than 480 seconds dur-

ing CPB. Additionally, a 5000-unit bolus of heparin was given before

circulatory arrest. Before the portion of the aortic reconstruction requiring

DHCA, the patient was cooled on CPB until electrocerebral inactivity was

detected by electroencephalography as described.18,19

Transfusion and Coagulopathy Management
An institutional transfusion algorithm has been developed for the

management of bleeding and coagulopathy when separating from CPB

in cases of aortic reconstruction with DHCA (Figure 1). This algorithm

is based on our previously published experience on transfusion require-

ments during these procedures1 as well as societal perioperative transfu-

sion guidelines.2,3 In brief, antifibrinolytic therapy with epsilon-

aminocaproic acid is administered as a 5-g bolus followed by a 1-g/h

infusion continued in the intensive care unit. Before separation from

CPB, upon rewarming and reperfusion, the bypass pump is primed

with 4 units plasma. This quantity was selected based on the fact that

it represented the 25th percentile plasma requirement after aortic recon-

struction with DHCA in our prealgorithm experience.1 Also before sep-

aration from CPB, hemofiltration is performed to ameliorate coagulation

factor dilution, and a set of laboratory test results are obtained to help

guide management. Protamine sulfate is then administered until activated

clotting time is normalized. At the time of separation from CPB, an

additional 5-g bolus of epsilon-aminocaproic acid is given, and a

0.3 mg/kg dose of desmopressin acetate is administered to help correct

platelet dysfunction and increase factor VIII and von Willebrand factor

levels. If hemostasis is not immediately achieved, 1 unit platelets is

transfused followed by a second if bleeding persists. At this point, lab-

oratory results are rechecked, and if bleeding persists an additional unit

of platelets and 2 units plasma are administered. Based on laboratory re-

sults, cryoprecipitate (if fibrinogen level <200 mg/dL), platelets

(if <100,000/mm3 more than the pre-CPB separation platelet value),

and/or 2 plasma units are then transfused. If bleeding continues, recom-

binant activated factor VII (1-2 mg) is administered.20 If hemostasis is

still not obtained, packed red blood cells (PRBCs) and plasma are

administered at 1:1 with additional cryoprecipate, platelets, and hemo-

static adjuncts administered at clinician discretion, with guidance from

laboratory and functional tests. With regard to red blood cell transfusion,

serial hematocrit samples are drawn before and after separation from

CPB. The return of washed, shed red blood cells (BRAT II blood cell

salvage machine; Cobe Cardiovascular Inc, Arvada, Colo) to the patient

is used in all cases and additional PRBC transfusion is generally avoided

if hematocrit is>0.20.

In total, although this algorithmic approach for the management of

bleeding and coagulopathy after CPB with DHCA is mostly empirical, it

was developed to allow the reliable and timely management of the severe

coagulopathic bleeding that often occurs in aortic reconstruction with

DHCA. Although intraoperative laboratory testing, including thromboelas-

tography and platelet agglutination, are employed when available, our

approach is not ultimately reliant on such tests. Although these intraoper-

ative tests can be useful in directing intraoperative transfusion when com-

ing off CPB,21-23 they often do not provide information rapidly enough to

guide therapy with acute intraoperative bleeding. Therefore, the

supplemental information provided by intraoperative laboratory testing is

used in conjunction with clinical judgment to modify the protocol when
rdiovascular Surgery c Volume 151, Number 2 377



FIGURE1. Institutional transfusion algorithm schematic. In addition to standard treatment with the transfusion algorithm, the study cohort received 70mg/

kg human fibrinogen concentrate (HFC) upon separation from cardiopulmonary bypass (CPB) (blue shaded box). FFP, Fresh frozen plasma; TEG, throm-

boelastogram; ACT, activated clotting time; AMICAR, epsilon-aminocaproic acid;DDAVP, desmopressin; rFVIIa, recombinant activated Factor VII; PRBC,

packed red blood cells; PLT, single-donor apheresis platelet unit; ICU, intensive care unit.
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appropriate. After leaving the operating room, practices for postoperative

transfusion were carried out according to societal guidelines.2,3
HFC Administration and Fibrinogen Level
Monitoring

Patients enrolled in the study were administered 70 mg/kg HFC at the

time of separation from CPB (Figure 1). Fibrinogen levels were measured

at 5 time points: baseline at anesthesia induction, after separation from

CPB when protamine was given, 10 minutes following HFC
378 The Journal of Thoracic and Cardiovascular Surg
administration, on admission to the intensive care unit, and 24 hours after

anesthesia induction. Fibrinogen activity was determined using a modified

Clauss assay (detection limit, 0.2 g/L). In a subset of patients, a whole

blood multiplate electroaggregometer (Diapharma, West Chester, Ohio)

was used to evaluate platelet aggregation in response to adenosine diphos-

phate and thrombin receptor activating peptide agonists.

The primary study outcomewas the difference in fibrinogen level imme-

diately after separation from CPB, when HFC was administered, and the

fibrinogen level 10 minutes following HFC administration. No formal po-

wer calculation was performed to determine the number of patients that
ery c February 2016
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would need to be enrolled to detect a statistically significant difference for a

given increase in fibrinogen level. Instead, enrollment in this pilot study

was determined largely by practical factors such as funding and personnel

resources.
Safety Outcomes
In addition to our primary outcome, a number of secondary outcomes

were assessed to evaluate the safety of HFC and the extent of bleeding

and transfusion requirement in these patients. Thromboembolic events

and postoperative complications were defined according to Society of

Thoracic Surgeons definitions.24 The study data safety and monitoring

board, composed of a hematologist and transfusion medicine pathologist

not otherwise involved in the study, reviewed all inpatient complications

and adverse events to determine whether they may have been related to

HFC administration. Additionally, bleeding and transfusion data collected

included cell saver during and after CPB; intraoperative PRBC, plasma,

platelet, and cryoprecipitate requirements before and after separation

from CPB; postoperative PRBC, plasma, platelet, and cryoprecipitate re-

quirements through postoperative day 2; and chest tube drainage 24 hours

postoperatively.

Statistical Analysis
Fibrinogen levels, laboratory assessments, bleeding, and transfusion

data were summarized descriptively. Repeated measures analysis of vari-

ance with the Bonferroni adjustment for multiple comparisons was used

to test for change in fibrinogen level with time. Statistical analyses were

performed with SAS 9.3 (SAS Institute Inc, Cary, NC).

RESULTS
Study Population

Twenty-two patients were enrolled and completed the
study (Figure 2). Five patients approached for participation
in the study did not give consent. An additional patient who
was enrolled in the study required coronary artery bypass
grafting as part of his procedure and was therefore
excluded. In total, the final study cohort represented 23%
FIGURE 2. Consolidated Standards of Reporting Trials diagram. DHCA,

Deep hypothermic circulatory arrest; CABG, coronary artery bypass graft-

ing; HFC, human fibrinogen concentrate.
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(22 out of 96) of all patients undergoing hemiarch aortic
reconstruction with DHCA during the study interval.
Patient and procedural characteristics of the study group

are shown in Table 1. The mean age of the study group was
51.9 � 13.7 years. The indication for surgery was predom-
inately aneurysmal disease related to bicuspid aortic valve
syndrome (n ¼ 13; 59.1%) or atherosclerotic aneurysm
(n ¼ 8; 36.4%). Three patients (13.6%) underwent redo
sternotomy and 9 patients (40.9%) required root replace-
ment. Mean operative and CPB times were
310 � 44 minutes and 202 � 30 minutes, respectively.
The mean circulatory arrest time was 16.5 � 4.1 minutes.
Adjunctive cerebral perfusion was used in all cases with an-
tegrade cerebral perfusion employed in 17 cases (77.3%)
and retrograde cerebral perfusion used in the remaining 5
cases (22.7%). The minimum core (bladder) and nasopha-
ryngeal temperatures in the cohort were 16.7�C � 1.5�C
and 14.7�C � 2.0�C, respectively.

Fibrinogen Activity
Mean, median, maximum, and minimum fibrinogen

plasma activity levels at the measured time points are dis-
played in Table 2. On average, fibrinogen plasma activity
levels decreased from 317 � 49 mg/dL preoperatively to
235 � 39 mg/dL (26% � 9%) at separation from CPB.
Ten minutes following the administration of HFC, the
mean fibrinogen plasma activity levels increased signifi-
cantly to a peak of 331 � 41 mg/dL, or a mean increase
of 97 � 33 mg/dL (43% � 17%). Subsequent to this
time point the average fibrinogen level remained approxi-
mately at the baseline level or greater.

Safety Outcomes
There were no thromboembolic complications postoper-

atively. Thirty-day and in-hospital rates of death, stroke,
and renal failure were 0%, and there were no reoperations
for bleeding. There were 10 patients (43%) who experi-
enced postoperative complications, including focal axillary
artery dissection related to axillary arterial cannulation
(n ¼ 1), postoperative atrial fibrillation (n ¼ 6), other
dysrhythmia (n¼ 3) (eg, left bundle branch block, transient
complete heart block, and atrial flutter), and left recurrent
laryngeal nerve palsy (n ¼ 2). None of these complications
were deemed related to the administration of HFC. There
was 1 30-day readmission in the cohort for atrial flutter,
which was also unrelated to HFC administration.

Laboratory Assessment, Bleeding, and Transfusion
The mean and median hematocrit levels were highest at

baseline (42% and 43%, respectively) (Table 2). After an
initial decrement due to intraoperative blood loss, hemato-
crit remained stable from the initial postoperative value
through postoperative day 1. Following separation from
CPB (during and immediately after administration of
rdiovascular Surgery c Volume 151, Number 2 379



TABLE 1. Patient and procedural characteristics of the study cohort

(n ¼ 22)

Variable Result

Age (y) 51.9 � 13.7

Male 15 (68.2)

White race 18 (81.8)

Body mass index 29.9 � 6.6

Hypertension 16 (72.7)

Hyperlipidemia 13 (59.1)

Smoker 12 (54.5)

Diabetes 2 (9.1)

Coronary artery disease 6 (27.3)

History of stroke/transient ischemic attack 2 (9.1)

Chronic obstructive pulmonary disease 1 (4.5)

Renal insufficiency* 1 (4.5)

Peripheral vascular disease 0 (0)

Redo sternotomy 3 (13.6)

Root replacement 9 (40.9)

Ascending aortic repair 12 (54.5)

Concomitant procedure 5 (22.7)

Previous aortic surgery 3 (13.6)

Atherosclerotic disease 8 (36.4)

Bicuspid aortic valve syndrome 13 (59.1)

Chronic type a dissection 1 (4.5)

Previous aortic dissection 2 (9.1)

Presenting aortic symptoms 2 (9.1)

Ejection fraction (%) 54.3 � 1.8

Aortic insufficiency 10 (45.5)

Max aortic diameter (cm) 5.6 � 0.7

American Society of Anesthesiologists class

2 1 (4.5)

3 21 (95.5)

Retrograde cerebral perfusion 5 (22.7)

Antegrade cerebral perfusion 17 (77.3)

Minimum core temperature (�C) 16.7 � 1.5

Minimum nasopharyngeal temperature (�C) 14.7 � 2.0

Operative time (min) 310 � 44.1

Cardiopulmonary bypass time (min) 202.1 � 30.1

Circulatory arrest time (min) 16.5 � 4.1

Baseline and operative characteristics of the human fibrinogen concentrate study

cohort and a contemporary cohort without human fibrinogen concentrate undergoing

elective proximal aortic surgery, including hemiarch replacement with deep hypo-

thermic circulatory arrest before and after propensity matching. Values are presented

as mean � standard deviation or n (%). *Defined as creatinine level>1.5 mg/dL.
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HFC) a large but highly variable volume of blood was pro-
cessed through the cell saver as evidenced by a median of
505 mL cell saver product (interquartile range [IQR],
242-725 mL cell saver product) being reinfused (Table 3).
Generally, subjective evaluation of the surgical field by
the attending surgeon following separation from CPB and
HFC administration indicated persistence of microvascular
bleeding, as evidenced by lack of visible clot and absence of
surgically correctable bleeding sites. Additionally, more
than 90% of the cohort required platelet transfusion (me-
dian, 2 units [IQR, 2-3 units]) after separation from CPB
to achieve resolution of microvascular bleeding. This was
380 The Journal of Thoracic and Cardiovascular Surg
in the setting of a more than 50% decrease in adenosine
diphosphate-stimulated platelet aggregation (within our
locally determined range for clopidogrel maintenance ther-
apy) in a subset of 9 patients where multiplate electroag-
gregometer data were available.

Consistent with our algorithmic approach toward the
management of coagulopathy and bleeding during these
procedures, the bypass pump was primed with 4 units fresh
frozen plasma immediately before separation in 17 cases
(77.3%). Additionally, 7 patients (31.8%) received plasma
following separation from CPB with a median transfusion
of 2 units (IQR, 1-4 units). Only 3 patients (13.6%) required
intraoperative cryoprecipitate transfusion, all following
separation from CPB. A total of 9 patients (40.9%) required
PRBC transfusion following separation from CPB. Addi-
tionally, 6 patients required PRBC transfusion during the
early postoperative period, whereas transfusion of other
blood product types was minimal postoperatively. The me-
dian 24-hour chest tube output postoperatively was 525 mL
(IQR, 338-720 mL).

DISCUSSION
Here we present the first prospective study on the use of

HFC as a hemostatic adjunct during aortic surgery in the
United States. When HFC was administered at the FDA-
approved dose of 70 mg/kg at the time of separation from
CPB after aortic reconstruction with DHCA we found that
fibrinogen levels increased by approximately 100 mg/dL
within 10 minutes. Additionally, there were no adverse
events related to the administration of HFC observed in
the study cohort. Thus, the findings from this pilot study
suggest that HFC may safely and rapidly raise fibrinogen
levels in the high-risk setting for coagulopathic bleeding
associated with aortic reconstruction and DHCA.

By rapidly restoring fibrinogen levels during these proce-
dures HFC may offer several advantages over conventional
methods for fibrinogen repletion (eg, transfusion of plasma
and cryoprecipitate). First, administration of HFC may be
time-saving by precluding the need for thawing and cross-
matching. Second, because the dose of fibrinogen in HFC
is known, it can be given in an intelligible fashion to raise
fibrinogen values to a targeted level, which is not the case
with the administration of plasma or cryoprecipitate.
Finally, administration of HFC avoids some of the risks
associated with allogeneic blood product transfusion,
including infectious disease transmission, hypersensitivity
reactions, and adverse events related to volume overload
and other issues that arise with large volume blood product
transfusion.3-5,25-27

Despite the potential benefit that HFC may hold as a he-
mostatic adjunct during aortic surgery with DHCA, it was
also clear from this study that HFC does not completely
reverse the coagulopathy incurred with these procedures.
This was evidenced by the considerable platelet transfusion
ery c February 2016



TABLE 2. Fibrinogen plasma activity levels and hematocrit at specified time points

Variable

Time point*

A B C D E

Fibrinogen activity level (mg/dL)

Mean � standard deviation 317 � 49 235 � 39y 331 � 41 312 � 41 372 � 45

Median (interquartile range) 301 (280-341) 224 (217-256) 337 (302-363) 311 (291-333) 357 (343-388)

Maximum 414 345 404 382 480

Minimum 255 154 257 210 316

Hematocrit (%)

Mean � standard deviation 42 � 6 28 � 5 28 � 4 28 � 2 30 � 3

Median (interquartile range) 43 (40-45) 27 (24-32) 27 (26-31) 29 (27-30) 31 (28-32)

Maximum 50 37 38 34 34

Minimum 25 20 21 23 25

*A¼ baseline at anesthesia induction; B¼ after separation from CPB when protamine is given; C¼ 10 minutes following human fibrinogen concentrate administration; D¼ on

admission to the intensive care unit; and E ¼ 24 hours after anesthesia induction. ySignificantly different value by analysis of variance with Bonferroni correction for multiple

comparisons (P<.0001).
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requirement and microvascular bleeding observed after sep-
aration fromCPB in patients who had receivedHFC, as well
as the severe platelet dysfunction demonstrated in the subset
of patients who had platelet aggregometry data. This sug-
gests that platelet dysfunction, which is a well-known
occurrence after DHCA,28 was a major contributing factor
to the persistent coagulopathy observed in the patients
who had received HFC, indicating that adjunctive HFC
may not address this aspect of coagulopathy after aortic
reconstruction with hypothermia.

Although this is the first prospective study on HFC con-
ducted in the United States, several pilot studies from Euro-
pean centers have evaluated HFC in aortic and cardiac
surgery previously. Rahe-Mayer and colleagues14 found
that administration of HFC resulted in reduced postopera-
tive bleeding and allogeneic transfusion, including
TABLE 3. Transfusion at specified time points in the study cohort

(n ¼ 22)

Variable During CPB After CPB* Postoperativey
Cell saver (mL) 178 (18-303) 505 (242-725) —

Packed red blood cells

Underwent transfusion 2 (9.1) 9 (40.9) 6 (27.3)

Units 1.5 (1-2) 1 (1-2) 1 (1-2)

Fresh frozen plasma

Underwent transfusion 17 (77.3) 7 (31.8) 1 (4.5)

Units 4 (4-4) 2 (1-4) 5

Platelets

Underwent transfusion 4 (18.2) 20 (90.9) 1 (4.5)

Units 1.5 (1-2) 2 (1-2) 1

Cryoprecipitate

Underwent transfusion 0 (0) 3 (13.6) 0 (0)

Units 1 (1-2)

Factor VIIa

administration

0 (0) 2 (9.1) 0 (0)

Values are presented as median (interquartile range) or n (%).CPB, Cardiopulmonary

bypass. *After CPB includes before, during, and after administration of HFC until the

end of surgery. yPostoperative includes from end surgery through postoperative day 2.

The Journal of Thoracic and Ca
platelets, for patients undergoing ascending aorta replace-
ment and aortic valve surgery with moderate hypothermia
(n ¼ 15). In addition, Solomon and colleagues29 evaluated
the effect of HFC in coronary artery bypass grafting and
observed a reduction in PRBC transfusion. Because it was
a pilot study, the present trial lacked a comparison group
to determine whether HFC provided benefit in regard to
clinical meaningful end points such as the extent of intra-
and postoperative blood loss and transfusion requirements.
Nevertheless, the rapid fibrinogen repletion without
apparent adverse consequences by HFC administration at
the FDA-approved dose demonstrated in this study, coupled
with the promising findings previously reported by Rahe-
Mayer and colleagues14 and Solomon and colleagues29

should provide a strong basis for future larger-scale pro-
spective evaluation of HFC efficacy as a hemostatic adjunct
in aortic and cardiac surgery.
This study has several additional limitations that should

be considered. The multifaceted nature of our algorithmic
approach toward the management of intraoperative
bleeding and coagulopathy makes it difficult to delineate
the influence of any single intervention, because variations
in the approach to bleeding and coagulopathy management
are dictated by case-specific factors. Carefully controlling
for such variations will be important considerations for
future prospective evaluation of HFC efficacy. We also
did not have robust data on intraoperative coagulopathy
assessment, which will be important in future studies to
objectively determine the extent to which HFC administra-
tion improves coagulation system function and clot
strength. Finally, although we did not observe any thrombo-
embolic events associated with the administration of HFC,
the small sample size of this study leaves a high chance for
type II error in regard to safety outcomes. In total, definitive
conclusions on the safety and efficacy of HFC should not be
drawn from this pilot study. Larger, prospective studies will
be needed to firmly establish the safety of HFC and to
rdiovascular Surgery c Volume 151, Number 2 381
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determine whether it is efficacious in the management of
coagulopathy during aortic reconstruction with DHCA.
CONCLUSIONS
We conclude that, when administered at the FDA-

approved dose of 70 mg/kg at the time of separation from
CPB, HFC rapidly increases fibrinogen levels by approxi-
mately 100 mg/dL and therefore may be a valuable hemo-
static adjunct for the correction of coagulopathy
associated with aortic reconstruction and DHCA. Further
prospective study in a larger cohort of patients will be
needed to verify these results and to definitively determine
the safety and efficacy of HFC.
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