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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 undergoing 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 administration, on skin closure, and the day after surgery. The primary 

study outcome was 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<0.001) 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 the 

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 definitively determine the safety and evaluate the 

efficacy of HFC as a hemostatic adjunct during these procedures.
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Introduction

Surgery of the aortic arch with deep hypothermic circulatory arrest (DHCA) is often 

associated with coagulopathic bleeding as a result of coagulation factor consumption during 

prolonged periods of cardiopulmonary bypass (CPB) and hypothermia-related platelet 

dysfunction.1 Fibrinogen consumption is particularly exaggerated during these procedures, 

and the ability to replete fibrinogen represents an important element for the correction of the 

coagulopathy that develops in these procedures.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 fibrinogen given with plasma or cryoprecipitate 

transfusion is unknown, prohibiting the ability to replete fibrinogen in a targeted manner. 

Second, cryoprecipitate and plasma delivery requires product thawing, which can result in 

critical delays in the setting of acute operative bleeding. Third, there is no virus inactivation 

or elimination process for cryoprecipitate, imparting the risk of virus transmission upon 

transfusion. Lastly, plasma and cryoprecipitate contain alloantigens, which can result in 

anaphylaxis or less severe hypersensitivity reactions.6

For these reasons, human fibrinogen concentrate (HFC) (CSL Behring, Marburg, Germany; 

RiaSTAP® in USA, Haemocomplettan® P in Europe) represents an attractive alternative for 

the correction of acquired fibrinogen deficiency compared to plasma or cryoprecipitate. HFC 

is a highly purified, lyophilized, virus-inactivated fibrinogen powder manufactured from 

human plasma. Current 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 acquired 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 USA 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 US Food and 

Drug Administration (FDA) approved dose of 70 mg/kg increases the fibrinogen level in the 

high-risk setting for coagulopathic bleeding of proximal aortic reconstruction with hemiarch 

replacement after DHCA. Additionally, as an exploratory secondary aim, we performed a 

post hoc analysis investigating whether HFC administration reduced perioperative bleeding 

and allogeneic blood product transfusion compared to a contemporary propensity-matched 

cohort.
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Patients and Methods

Study design and Patient Population

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

HFC (RiaSTAP®; CSL Behring) increases fibrinogen levels when administered as a one-

time 70 mg/kg dose upon separation from cardiopulmonary bypass during non-emergent 

proximal aorta/hemi-arch reconstruction with DHCA. The study protocol was approved by 

the Duke University Medical Center (Durham, NC) Institutional Review Board, and 

informed consent was obtained from each patient who was enrolled. Patients ≥18 years of 

age undergoing non-emergent proximal thoracic aortic reconstruction (ascending aorta +/− 

aortic valve or root) with hemi-arch replacement and DHCA from December 2010 to April 

2012 were eligible for the study. Exclusion criteria were as follows: concomitant coronary 

artery bypass grafting, coronary artery stenting within the last three years, refusal of blood 

transfusion, myocardial infarction within the past three months, pregnancy, an International 

Normalized Ratio >1.5, thienopyridines within five days of surgery, aspirin (325 mg) within 

48 hours of surgery (aspirin 81mg was acceptable), platelet count of less than 100,000/mm3, 

inability to obtain written informed consent, and known coagulopathy.

Conduct of Surgery

Surgical techniques and the conduct of operation utilized for proximal aortic repair and 

hemi-arch replacement were as described previously.17 Porcine heparin was administered as 

a 300 U/kg bolus and then supplemented to maintain an activated clotting time longer than 

480 seconds during 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 described18, 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 

requirements during these procedures1 as well as societal perioperative transfusion 

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 into the ICU. Prior to 

separation from CPB, upon rewarming and reperfusion, the bypass pump is primed with four 

units of plasma. This quantity has been selected based on the fact that it represented the 25th 

percentile plasma requirement after aortic reconstruction with DHCA in our pre-algorithm 

experience.1 Also prior to separation from CPB, hemofiltration is preformed to ameliorate 

coagulation factor dilution, and a set of laboratory tests 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 μg/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, one unit of platelets is transfused followed by a 

second if bleeding persists. At this point, labs are rechecked, and if bleeding persists an 
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additional unit of platelets and two units of plasma are administered. Based on laboratory 

results, cryoprecipitate (if fibrinogen level <200 mg/dL), platelets (if less than 100,000/mm3 

more than the pre-CPB separation platelet value), and/or 2 plasma units are then transfused. 

If bleeding continues, recombinant activated factor VII (rFVIIa) (1–2 mg) is administered.20 

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

administered at a 1:1 ratio with additional cryoprecipate, platelets, and hemostatic adjuncts 

administered at clinician discretion, with guidance from laboratory and functional tests. 

With regard to red blood cell transfusion, serial hematocrits are drawn prior to and after 

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

salvage machine; Cobe Cardiovascular Inc., Arvada, CO) to the patient is used in all cases 

and additional PRBC transfusion is generally avoided if the hematocrit is greater than 0.20.

In total, while 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 thormoboelastography 

and platelet agglutination (MEA), are employed when available, our approach is not 

ultimately reliant on such tests. While these intraoperative tests can be useful in directing 

intraoperative transfusion when coming 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 appropriate. After leaving 

the operating room, practices for postoperative transfusion were carried out according to 

societal guidelines.2, 3

Human Fibrinogen Concentrate Administration and Fibrinogen Level Monitoring

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

from CPB (Figure 1). Fibrinogen levels were measured at five time points: (A) baseline at 

anesthesia induction, (B) after separation from cardiopulmonary bypass when protamine is 

given, (C) ten minutes following HFC administration, (D) on admission to the intensive care 

unit, and (E) 24 hours after anesthesia induction. Fibrinogen activity was determined using a 

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

multiplate electroaggregometer (MEA, Diapharma, West Chester, OH) was used to evaluate 

platelet aggregation in response to adenosine diphosphate (ADP) and thrombin receptor 

activating peptide (TRAP) agonists.

The primary study outcome was the difference in fibrinogen level immediately after 

separation from cardiopulmonary bypass (B), when HFC was administered, and the 

fibrinogen level 10 minutes following HFC administration (C). No formal power calculation 

was performed in order to determine the number of patients that would need to be enrolled 

to detect a statistically significant difference for a given increase in fibrinogen level. Instead, 

the enrollment in this pilot study was determined largely by practical factors, such as 

funding and personnel resources.
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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 post-operative 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 the following: cell saver on and post-CPB; intra-operative PRBC, plasma, 

platelet, and cryoprecipitate requirements pre- and post-CPB; post-operative PRBC, plasma, 

platelet, and cryoprecipitate requirements through post-operative day two, and chest tube 

drainage 24 hours postoperatively.

Propensity-Matched Comparison with a Contemporary Patient Cohort

As an exploratory secondary aim of this study we performed a post hoc propensity-matched 

comparison of the study cohort with a contemporary cohort of patients undergoing non-

emergent hemiarch replacement with DHCA over the same time period (who had not 

received HFC) to evaluate the possibility that HFC may reduce perioperative bleeding and 

transfusion. Covariables accounted for in the propensity match included age, sex, race, body 

mass index, hypertension, hyperlipidemia, current or previous smoking history, diabetes, 

coronary artery disease, history of stroke/transient ischemic attack, chronic obstructive 

pulmonary disease, renal insufficiency (creatinine > 1.5 mg/dL), peripheral vascular disease, 

redo-sternotomy, root replacement (Bentall and valve-sparing), ascending aortic replacement 

(supracoronary ascending and Wheat), concomitant procedure, previous aortic surgery, 

atherosclerotic disease, bicuspid aortic valve syndrome, acute or previous aortic dissection, 

presenting aortic symptoms, ejection fraction, grade of aortic insufficiency, maximum aortic 

diameter, American Society of Anesthesiologists (ASA) classification, and use retrograde or 

antegrade cerebral perfusion. Propensity score matching was implemented using one-to-one 

or pair matching without replacement using the nearest neighbor matching method. Optimal 

matching was used to minimize total within-pair difference of the propensity score. Each 

patient in the HFC group was matched to a patient in the contemporary no-HFC group with 

the closest propensity score; the maximum difference in propensity score for a match was 

less than 0.015.

Statistical Analysis

Fibrinogen levels, laboratory assessments, bleeding and transfusion data were summarized 

descriptively. Repeated measures analysis of variance with the Bonferroni adjustment for 

multiple comparisons was used to test for change in fibrinogen level with time. Comparisons 

between the HFC study group and the no-HFC contemporary group were performed using 

the Wilcoxon rank-sum test for continuous variables and Fisher's exact test (cell counts <5) 

or Pearson’s chi-squared test for categorical variables. A P value < 0.05 was considered 

statistically significant. Statistical analyses were performed with SAS 9.3 (SAS Institute 

Inc., Cary, NC).
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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, and an additional patient who 

was enrolled required coronary artery bypass grafting as part of his procedure and was 

therefore excluded. In total, the final study cohort represented 23% (22/96) of all patients 

undergoing hemi-arch aortic reconstruction with DHCA during the study interval.

Fibrinogen Activity

Mean, median, maximum, and minimum fibrinogen plasma activity levels at the measured 

time points are displayed in Table 1. On average, fibrinogen plasma activity levels decreased 

from 317±49 mg/dL preoperatively to 235±39 (26±9%) at separation from CPB. Ten 

minutes following the administration of HFC, the mean fibrinogen plasma activity levels 

increased significantly 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 

approximately at the baseline level or greater.

Safety Outcomes

There were no thromboembolic complications postoperatively. 30-day/in-hospital rates of 

death, stroke, and renal failure were 0%, and there were no reoperations for bleeding. There 

were 10 (43%) patients who experienced postoperative complications, including focal 

axillary artery dissection related to axillary arterial cannulation (n=1), postoperative atrial 

fibrillation (n=6), other dysrhythmia (n=3) (left bundle branch block, transient complete 

heart block, and atrial flutter), and left recurrent laryngeal nerve palsy (n=2). None of these 

complications were deemed related to the administration of HFC. There was one 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 hematocrits were highest at baseline (42% and 43%, respectively) 

(Table 1). After an initial decrement due to intra-operative blood loss, hematocrit remained 

stable from the initial postoperative value through post-operative day one. Following 

separation from CPB (during and immediately after administration of HFC) a large but 

highly variable volume of blood was processed through the cell saver as evidenced by a 

median value of 505 [IQR:242–725] mL of cell saver product being re-infused (Table 2). 

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 visible clot and absence of surgically correctable bleeding 

sites. Additionally, over 90% of the cohort required platelet transfusion (median 2 [IQR:2–3] 

units) to achieve resolution of microvascular bleeding. This was in the setting of an over 

50% decrease in ADP stimulated platelet aggregation (within our locally determined range 

for clopidogrel maintenance therapy) in a subset of 9 patients where MEA data were 

available.
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Occasionally PRBCs and plasma were given during instances of rapid, high volume blood 

loss following separation from CPB (Table 2). In addition, less than half of the cohort 

required PRBC transfusion before or after CPB, and all transfusion requirements were 

minimal after chest closure.

Propensity Matched Comparison with a Contemporary Cohort

Baseline characteristics, comorbidities, and operative variables of the HFC (study cohort) 

and no-HFC (contemporaneous cohort that did not receive HFC) groups are shown in Table 

3. After propensity matching, there were no significant differences in the baseline 

characteristics of these groups (Table 3). In review of perioperative transfusion requirements 

of these matched groups, a lower proportion of the HFC group received cryoprecipitate 

intraoperatively (13.6% vs. 54.5%, p<0.001) (Table 4).In addition, while the proportion of 

patients transfused with PRBCs did not differ significantly between groups, HFC patients 

compared to no-HFC patients who were transfused PRBCs received a significantly lower 

median number of transfusion units (1.5 [IQR: 1–2] vs. 3 [IQR 2–3] units, p=0.02), 

Otherwise, there were no significant differences in the rate or volume of specific blood 

products transfused between these groups intraoperatively or post-operatively.

Discussion

Here we present the first prospective study on the use of HFC as a hemostatic adjunct during 

aortic surgery in the United States. We found that, 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, fibrinogen levels increased by approximately 100 mg/dL within 10 minutes of 

administration. Additionally, there were no adverse events related to the administration 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 procedures HFC may offer several 

advantages over conventional methods for fibrinogen repletion, which entail transfusion of 

plasma and cryoprecipitate. First, administration of HFC may be time-saving by precluding 

the need for thawing and cross-matching. Second, since the dose of fibrinogen in HFC is 

known, it can be given in an intelligible fashion to raise fibrinogen 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, 27–29

Consistent with the putative benefits of HFC, when compared to a contemporary propensity-

matched cohort that had not received HFC, a significantly lower portion of the HFC cohort 

received cryoprecipitate intraoperatively. Furthermore, while the rate of transfusion of 

PRBCs was similar between groups, the volume of transfusion among patients who received 

PRBCs was slightly lower in the HFC group. While these findings suggest that the HFC 

administration may help to reduce transfusion requirement and obtain hemostasis more 
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rapidly in aortic surgery with DHCA, there is potential for bias in the comparison of these 

two non-randomized groups and additional study will be needed to fully discern the efficacy 

of HFC in controlling coagulopathy and bleeding during these procedures.

In addition, despite the potential benefit that HFC may hold as a hemostatic 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 requirement and the microvascular bleeding observed after 

separation from CPB in patients who had received HFC as well as the severe platelet 

dysfunction was demonstrated in the subset of patients who had platelet aggregometery data. 

This suggests that platelet dysfunction, which is a well-known occurrence after DHCA,30 

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.

While this is the first prospective study on HFC conducted in the USA, several pilot studies 

from European centers have evaluated HFC in aortic and cardiac surgery previously. Rahe-

Mayer and colleagues found that administration of HFC resulted in reduced postoperative 

bleeding and allogeneic transfusion, including platelets, for patients undergoing ascending 

aorta replacement and aortic valve surgery with moderate hypothermia (n=15).14 In addition, 

Solomon and colleagues evaluated the impact of HFC in coronary artery bypass grafting 

(CABG) and observed a reduction in PRBC transfusion.31 Our study is consistent with these 

prior studies in several respects, including the findings that HFC increases fibrinogen levels 

and may reduce allogeneic blood product transfusion. However, our findings differ from 

those of Rahe-Mayer and colleagues in that patients who received HFC continued to require 

platelet transfusion and demonstrated ongoing coagulopathy early after separation from CPB 

that was due, at least in part, to platelet dysfunction. Several factors may explain this 

discrepancy. First, Rahe-Meyer et al. cooled patients to 24°C on average,14 whereas our 

study included only patients with DHCA, which amounts to nadir temperatures typically less 

than 18°C.19 This deep degree of hypothermia has been recognized to seriously impair 

platelet function for many hours after rewarming30 and may explain the reliance on 

allogeneic platelet transfusion in our study cohort. Second, Rahe-Meyer used HFC with the 

objective of achieving upper normal fibrinogen levels (mean 3.6 g/L). This fact limits direct 

comparisons with the current study where no specific fibrinogen level was targeted.

Our pilot study has several limitations, the main one being the lack of a randomized control 

group. Although the contemporary propensity-matched group was well balanced in the 

baseline and operative characteristics considered, we acknowledge that such an approach 

cannot control for potential confounding and bias as well as a prospective randomized trial. 

Additionally, the multi-faceted nature of our algorithmic approach towards the management 

of intraoperative bleeding and coagulopathy makes it difficult to delineate the impact of any 

single intervention, as 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 in order to objectively determine the extent to which HFC administration 
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improves coagulation system function and clot strength. Finally, while we did not observe 

any thromboembolic 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 as well 

as endpoints compared between the HFC and non-HFC matched groups. Therefore, 

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 

determine whether it is efficacious in the management of coagulopathy during aortic 

reconstruction with DHCA.

Despite these limitations, we conclude that, when administered at the FDA-approved dose of 

70 mg/kg at the time of separation from CPB, HFC increases fibrinogen levels by 

approximately 100 mg/dL and may potentially reduce transfusion requirements during 

procedures involving aortic reconstruction with DHCA. These findings support that HFC 

may prove to be a valuable hemostatic adjunct for the correction of coagulopathy associated 

with aortic reconstruction and DHCA. Further prospective study will be needed to verify 

these results and to definitively determine the safety and efficacy of HFC in a larger cohort 

of patients.
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Figure 1. 
Institutional Transfusion Algorithm Schematic. In addition to standard treatment with the 

transfusion algorithm, the study cohort received 70 mg/kg of human fibrinogen concentrate 

upon separation from cardiopulmonary bypass (as depicted by the blue shaded box). CPB: 

cardiopulmonary bypass; TEG: thromboelastogram; DHCA: deep hypothermic circulatory 

arrest; HFC: human fibrinogen concentrate; FFP: fresh frozen plasma; rFVIIa: recombinant 

activated Factor VII; PRBC: packed red blood cells.

Institutional transfusion algorithm schematic. In addition to standard treatment with the 

transfusion algorithm, the study cohort received 70 mg/kg human fibrinogen concentrate 

(HFC) upon separation from cardiopulmonary bypass (CPB) (blue shaded box)...
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Figure 2. 
CONSORT diagram

Consolidated Standards of Reporting Trials diagram. DHCA, Deep hypothermic circulatory 

arrest; CABG, coronary artery bypass grafting; HFC, human fibrinogen concentrate.
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Table 2

Transfusion at Specified Time Points.

N=22 During CPB After CPB* ICU arrival thru POD2

Cell Saver (mL), Median (IQR) 178 (18–303) 505 (242–725) -

PRBC

 Number of Patients Transfused (%) 2 (9.1%) 9 (40.9%) 6 (27.3%)

 Median (IQR) Units Among Patients Transfused 1.5 (1, 2) 1 (1, 2) 1 (1, 2)

FFP

 Number of Patients Transfused (%) 17 (77.3%) 7 (31.8%) 1 (4.5%)

 Median (IQR) Units Among Patients Transfused 4 (4, 4) 2 (1, 4) 5

Platelets

 Number of Patients Transfused (%) 4 (18.2%) 20 (90.9%) 1 (4.5%)

 Median (IQR) Units Among Patients Transfused 1.5 (1, 2) 2 (1, 2) 1

Cryoprecipitate

 Number of Patients Transfused (%) 0 3 (13.6%) 0

 Median (IQR) Units Among Patients Transfused NA 1 (1, 2) NA

CPB=cardiopulmonary bypass; SD=standard deviation; IQR=interquartile range; ICU=intensive care unit; POD=post-operative day.

*
After CPB includes before, during, and after administration of HFC until the end of surgery.
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Table 4

Transfusion and chest tube output data in HFC group (n=22) and contemporary propensity matched controls 

(n=22) undergoing elective proximal thoracic aortic surgery including hemi-arch replacement with DHCA and 

not receiving study drug.

Outcome HFC (n=22) No HFC (n=22) p-value

Total Cell Saver (mL) 643 (474–879) 500 (288–750) 0.20

Intraoperative PRBC

 Number of Patients Transfused (%) 10 (45.5%) 11 (50.0%) 0.99

 Median (IQR) Units Among Patients Transfused 1.5 (1, 2) 3 (2, 3) 0.02

Intraoperative FFP

 Number of Patients Transfused (%) 19 (86.4%) 21 (95.5%) 0.61

 Median (IQR) Units Among Patients Transfused 4 (4, 6) 5 (4, 8) 0.15

Intraoperative Platelets

 Number of Patients Transfused (%) 20 (90.9%) 22 (100%) 0.49

 Median (IQR) Units Among Patients Transfused 2 (2, 3) 2 (2, 3) 0.73

Intraoperative Cryoprecipiate

 Number of Patients Transfused (%) 3 (13.6%) 12 (54.5%) 0.01

 Median (IQR) Units Among Patients Transfused 1 (1, 1.5) 1 (1, 1) 0.33

Postoperative PRBC

 Number of Patients Transfused (%) 6 (27.3%) 1 (4.5%) 0.09

 Median (IQR) Units Among Patients Transfused 1 (1, 1.8) 1 0.53

Postoperative FFP

 Number of Patients Transfused (%) 1 (4.5%) 0 0.99

Postoperative Platelets

 Number of Patients Transfused (%) 1 (4.5%) 0 0.99

Postoperative Cryoprecipitate

 Number of Patients Transfused (%) 0 0 NA

24hr Postoperative Chest Tube Drainage (mL) 525 (388–720) 570 (493–795) 0.16

Intraoperative Factor VIIa Administration 2 (9.1) 4 (18.2) 0.37

Postoperative Factor VIIa Administration 0 0 NA

DHCA=deep hypothermic circulatory arrest; SD=standard deviation; PRBCs=packed red blood cells; FFP=fresh frozen plasma; POD=post-
operative day; NA=not applicable
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