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time matters: when seconds count 



Historic Approach in the OR:
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Time after occurrence of microvascular bleeding (min)

Bleeding 300 mL per 30 min

10 Units cryo

Time delay of bleeding management using standard lab testing

= 850 mL blood loss before definitive treatment



2025 Approach in the OR:
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Time after occurrence of microvascular bleeding (min)

Bleeding 300 mL per 30 min

= 250 mL blood loss before definitive treatment

Rapid goal-directed therapy with POC testing in 20 minutes
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Fibrinogen  

• Critical protein for hemostasis, 
produced by the liver

• Soluble precursor of fibrin 
(main substrate for a clot)

• Mediator of platelet 
aggregation 

• Attenuates fibrinolysis by 
binding to thrombin

• Half-life 100 hours



What we know about fibrinogen in major hemorrhage

• Fibrinogen is the first coagulation factor to reach critically low 
levels during bleeding 1-4

• Hypofibrinogenemia is associated with an increased risk of massive 
transfusion and mortality 5-8

• Patients receiving fibrinogen replacement have been found to have 
lower odds of mortality 

9-11
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Hypofibrinogenemia is strongly associated with poor outcomes in 
trauma.  Below a critical fibrinogen concentration of 2.29 g/L, there 

is a dramatic increase in mortality.

Hagemo JS Critical Care, 2014



Hypofibrinogenemia in other surgical 
patient populations

Lower pre-op fibrinogen levels increase risk of intracranial 
hemorrhage and general bleeding during liver transplant 
(Gallagher TK, Transplantation, 2018) (Carrier FM, 
Transplantation, 2023)

In an observational trial of 4606 cardiopulmonary bypass patients, the 
probability of large volume transfusion increased when fibrinogen levels 
decreased below approximately 2.0 g/L. (Karkouti K, Anesth Analg, 2013)

Observational studies suggest an association between a low level of 
fibrinogen at the start of postpartum hemorrhage and subsequent 
severity of bleeding (Wikkelso, Dan Med J, 2015). 
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Fibrinogen Replacement Guidelines

Setting Guideline Source Fibrinogen 
Threshold for 
Treatment

Recommended 
Treatment

Trauma ACS TQIP Guidelines ≤ 1.8 g/L Cryo or FC

European Guideline (6th 
Edition) on Major Bleeding & 
Coagulopathy following 
Trauma

≤ 1.5 g/L Cryo or FC
(3–4 g)

Non-
Trauma

ASA Practice Guidelines for 
Perioperative Blood 
Management

< 0.8–1 g/L Cryo or FC

ESA Management of severe 
peri-operative bleeding 
guidelines

≤ 1.5 g/L Cryo or FC

Obstetrics ACOG, RCOG, ESAIC ≤ 2 g/L Cryo or FC
*FC = fibrinogen concentrate



(P
la

te
le

ts
)



Higher fibrinogen levels can compensate for 
thrombocytopenia (<100x103/μL)

170 215 280 mg/dL
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Sources of fibrinogen around the world

PR

PR CRYO
CRYO



Cushing M, et al.  Transfusion 2019. Thomas KA, et al. Transfusion. 2021

5 day

What is PR Cryo?

Brand name: Intercept Fibrinogen Complex (IFC)

Pooled, pathogen reduced cryoprecipitate that can be kept thawed at room temperature for 5 days

CryoAHF and PR Cryo have similar hemostatic properties



Sources of fibrinogen around the world

Cryoprecipitate PR Cryo Fibrinogen 
Concentrate

Standardized dose No Yes, approximate Yes, exact

Pathogen Inactivated No Yes Yes

Purified No, FVIII, VWF, FXIII No, FVIII, VWF, FXIII Yes (+FXIII)

Concentration of 
Fibrinogen

~9-18 g/L 12.5 g/L 20 g/L

Volume (~2g) 110-300  mL ~120 mL 100 mL

Time to prepare 45 – 60 minutes 0 min (if pre thawed) 5-10 minutes

Pooled Yes, 5 donors Yes, 4 donors Yes, ~1000 donors

Requires ABO matching* No No No

*Transfusion. 2021 Jan;61(1):29-34. doi: 10.1111/trf.16125.



Fibrinogen Concentrate – 2 options in the U.S.

• Vial containing 1 g of lyophilized fibrinogen

• Approximately 20 g/L of human fibrinogen

• Fibryga can be stored at room temperature or 4c

• RiaSTAP must be stored only at 4c 



Fibrinogen Concentrate

• Reconstitute with 50 mL of sterile Water for Injection 

• Injection rate should not exceed 5 mL per minute (per PI)

Indications for RiaSTAP:

•  acute bleeding episodes in adults and children with         

congenital fibrinogen deficiency

Indications for Fibryga:

• bleeding patients with acquired fibrinogen deficiency and 

with congenital fibrinogen deficiency.
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A new fibrinogen concentrate is coming...

Grifol’s/Biotest’s new fibrinogen concentrate (FC), BT524, 
evaluated in AdFIrst prospective, active-controlled, multicenter 
phase 3 trial in patients with acquired fibrinogen deficiency. 

Patients with blood loss during planned spinal or abdominal 
surgery were randomized 1:1 to treatment with BT524 or 
FFP/cryoprecipitate. Further blood loss was compared.

Trial met its primary endpoint in reducing intraoperative blood 
loss similarly to the control in patients.



Which component has the most FXIII -
Cryoprecipitate or Fibrinogen Concentrate?

• For Cryo depends on:
oPR Cryo vs Cryo
oSource material (FFP, FP24, etc)
oWhere cryo is manufactured, e.g., US vs 

UK vs Australia 
oManufacturing blood center

• For FC depends on:
oFibrinogen concentrate brand



FXIII in Fibrinogen Concentrate
Haas T, Cushing M, Asmis L, Scandinavian J of Clin and Lab Investigation



FXIII*       ~1008 U        ~1008 U         480 U           165 U <22.5 U

10 pools

Fibryga
3 vials

BT524
3 vial

Riastap
3 vials8 pools

Let’s look by usual 
fibrinogen dose

 (3 g)

US

* Taken from Keltner et al. Transfusion. 2024;64:S136–S145.



FXIII*       ~1008 U        ~1008 U        480 U           165 U       <22.5 U

10 pools

Fibryga
3 vials

BT524
3 vials

Riastap
3 vials8 pools

Concentration      4.2U/mL       4.2U/mL     3.2U/mL      1.1U/mL   <0.15U/mL 

But now let’s look 
by concentration

US
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UK 
CRYO
 vs 
Fibryga

PLoS One 2023
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Summary of recent FC vs Cryo RCTs

Galas et al (2014) FIBRES (2019) FORMA-05 (2020) Downey et al (2020)

Study Population Pediatric <7 yo cardiac 
surgery/CPB

Adult cardiac 
surgery/CPB

Adults PMP* w/ 
cytoreductive surgery

Infants <12 mo cardiac 
surgery/CPB

Indication Bleeding; fibrinogen 
<1g/L

Bleeding; 
fibrinogen <2g/L or 
A10<10mm

Predicted intraoperative 
blood loss ≥2 L

Empiric or TEG guided in 
post CPB bleeding

Fibrinogen 
Dose/Product

60 mg/kg/RiaSTAP 4 g/Fibryga 4 g/Fibryga Dosed to increase level of 
fibrinogen to 300 
mg/dL/RiaSTAP

Cryo Dose 10 mL/kg 10 units 10 units 2 units

Primary Outcome 
Measured

Postoperative bleeding 
within 48 h

# postop units 
transfused in 24 h

Intraop & postop hemostasis # Intraoperative units 
transfused

Results No significant difference 
in median 48-hour blood 
loss

Mean # of blood 
products tx not 
different between 
arms

FC demonstrated noninferior 
efficacy and arrived in the 
operating room 46 minutes 
faster

Per-protocol analysis: FC 
group received 2.67 fewer 
units than cryo group

Galas FRB, J Thoracic & CV Surgery, 2014; Callum J, JAMA, 2019 (FIBRES); Roy A, J Thromb Haemost, 2020 (FORMA-05);Downey LA, Anesthesia-Analgesia, 2020

*PMP – Pseudomyxoma peritonei – rare cancer associated with major blood loss and hypofibrinogenemia during surgery



Objective: To determine whether use of PR Cryo vs CryoAHF can lead to decreased
transfusion requirements in cardiovascular surgery patients by earlier correction of 
fibrinogen deficiency



~50 minutes



PR



n=170



Primary Outcome

Decreased plasma, platelet, RBC tx with PR Cryo, but NS 



Bayesian Analysis: Length of Hospital and ICU Stay



Why didn’t we see a bigger differerence in tx?

PR



Cushing & Haas Transfusion 2019;9999;1–3 

Cardiothoracic

n=48
Before surgery
FC vs placebo

n=60
Start of surgery
FC vs placebo

n=20
Before surgery
FC vs placebo

n=42
Bleeding mass
FC vs placebo

n=61
Bleeding mass
FC vs placebo

n=120
Bleeding mass
FC vs placebo

n=116
After bypass
FC vs placebo

n=20
Clinical bleeding
FC vs platelets

n=152
Bleeding mass
FC vs placebo

n=63
Clinical bleeding
FC vs cryo

Pre-emptive

Major surgery

n=60
Start of surgery
FC vs placebo

n=92
Start of surgery
FC vs placebo

n=30
Start of surgery
FC vs placebo

n=20
30% reduction Hct
FC vs placebo

n=39
Massive bleeding
FFP vs FFP +FC

n=51
2 FIBTEM triggers
Early vs later FC

Trauma

n=50
Need for RBC
FC vs placebo

n=94
Coagulopathy
FC vs plasma

n=90
Need for RBC
FC vs plasma

PPH

n=244
Severe PPH
FC vs placebo

n=55
Ongoing PPH
FC vs placebo

Therapeutic/
Bleeding

15

16

17

19

20

2118

12

13

14

9

10

11

6

7

8

3

4

5

1

2

One-time 
intervention only

Not 
bleeding

Patients with 
normal 

fibrinogen 
levels

No real time 
lab testing

Fibrinogen replacement – what can we learn from 
clinical trials?



Methodological Challenges to Prove Effectiveness of 
Fibrinogen Concentrate

ROTEM/TEG Standard Coag Test

Visual
bleeding

Empirical use
Thresholds?

Dosing?

Outcome? 

Setting?

Prophylactic or therapeutic?

Familiarity with VET?

Empiric or targeted?



Fibrinogen replacement – what can 
we learn from clinical trials?

Cushing & Haas, Transfusion 2019; 9999:1-
3

Approximately 60% of the studies in which 

fibrinogen concentrate was used to treat 

clinically relevant bleeding showed decreased 

bleeding tendency and decreased transfusion 

requirements versus comparative treatment. 

Cushing MM, Haas T. Transfusion. 2019;59(11):3295-3297. doi: 10.1111/trf.15437.



Fibrinogen replacement – what can 
we learn from clinical trials?

• Randomized controlled trials have 

cumulatively evaluated over 700 patients 

who received fibrinogen concentrate 

• No report of an increase in the rate of 

perioperative thrombosis in the fibrinogen 

versus comparator arms. 

Cushing MM, Haas T. Transfusion. 2019;59(11):3295-3297. doi: 10.1111/trf.15437.



Thromboembolic Events with Cryo 
vs. Fibrinogen Concentrate

• In the FIBRES trial, Cryo vs FC in cardiac surgery, a trend 
towards a lower risk of arterial and venous thromboembolic 
complications with fibrinogen concentrate (7.0%) as compared 
to cryoprecipitate (9.6%) (odds ratio 0.70, 95% confidence 
interval 0.42-1.20) was found (Callum J, JAMA, 2019)

In the FORMA-05 trial, Cryo vs FC in patients undergoing 
cytoreductive surgery for pseudomyxoma peritonei, 
thromboembolic events were observed exclusively in the 
cryoprecipitate group: seven patients in this group experienced 
two DVT and 5 PE. Notably, no thromboembolic events were 
reported among patients who received human fibrinogen 
concentrate. (Ashok R, J Thromb Haemost 2020) 



1) Fibrinogen is critical for hemostasis and is often the first 
coagulation factor to reach low levels

2) Threshold for fibrinogen replacement in bleeding is 1.5-2 g/dL

3) There are 4 components available to replace fibrinogen
1) Plasma is ineffective and large volumes are needed

2) Traditional cryoprecipitate takes too long to get to the patient

3) There is equipoise between fibrinogen concentrate and cryo in RCTs

4) There may be a signal for increased risk of thrombosis with cryo

4) Fibrinogen concentrate is most effective in clinical trials when:
• Used in bleeding patients with hypofibrinogenemia
• Goal directed therapy is applied with viscoelastic testing

3) Fibrinogen level testing and products should be immediately 
available at the patient’s bedside to stop bleeding sooner. 

Take aways
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Questions?
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early fibrinogen therapy during trauma was not associated 

with reduced mortality, transfusion requirements or DVT 

incidence.

44
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early fibrinogen therapy during trauma was not associated 

with reduced mortality, transfusion requirements or DVT 

incidence.

45
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Individualized, Intraoperative Dosing of Fibrinogen 
Concentrate for the Prevention of Bleeding in Neonatal and 
Infant Cardiac Surgery Using Cardiopulmonary Bypass 
(FIBCON): A Phase 1b/2a Randomized Controlled Trial 2020

Abstract
Background: Mediastinal bleeding is common following pediatric cardiopulmonary bypass surgery for congenital heart disease. 

Fibrinogen concentrate (FC) represents a potential therapy for preventing bleeding.
Methods: We performed a single-center, phase 1b/2a, randomized controlled trial on infants 2.5 to 12 kg undergoing 

cardiopulmonary bypass surgery, aimed at (1) demonstrating the feasibility of an intraoperative point-of-care test, rotational 
thromboelastometry, to screen out patients at low risk of postoperative bleeding and then guide individualized FC dosing in 
high-risk patients and (2) determining the dose, safety, and efficacy of intraoperative FC supplementation. Screening occurred 
intraoperatively 1-hour before bypass separation using the rotational thromboelastometry variable fibrinogen 
thromboelastometry maximum clot firmness (FibTEM-MCF; fibrinogen contribution to clot firmness). If FibTEM-MCF ≥7 mm, 
patients entered the monitoring cohort. If FibTEM-MCF ≤6 mm, patients were randomized to receive FC/placebo (2:1 ratio). 
Individualized FC dose calculation included weight, bypass circuit volume, hematocrit, and intraoperative measured and 
desired FibTEM-MCF. The coprimary outcomes, measured 5 minutes post-FC administration were FibTEM-MCF (desired range, 
8-13 mm) and fibrinogen levels (desired range, 1.5-2.5 g/L). Secondary outcomes were thrombosis and thrombosis-related 
major complications and postoperative 24-hour mediastinal blood loss.

Results: We enrolled 111 patients (cohort, n=21; FC, n=60; placebo, n=30); mean (SD) age, 6.4 months (5.8); weight, 5.9 kg (2.0). 
Intraoperative rotational thromboelastometry screening effectively excluded low-risk patients, in that none in the cohort arm 
(FibTEM-MCF, ≥7 mm) demonstrated clinically significant early postoperative bleeding (>10 mL/kg per 4 hours). Among 
randomized patients, the median (range) FC administered dose was 114 mg/kg (51-218). Fibrinogen levels increased from a 
mean (SD) of 0.91 (0.22) to 1.7 g/L (0.41). The postdose fibrinogen range was 1.2 to 3.3 g/L (72% within the desired range). The 
corresponding FibTEM-MCF values were as follows: pre-dose, 5.3 mm (1.9); post-dose, 13 mm (3.2). Ten patients (8 FC and 2 
placebo) exhibited 12 possible thromboses; none were clearly related to FC. There was an overall difference in mean (SD) 24-
hour mediastinal drain loss: cohort, 12.6 mL/kg (6.4); FC, 11.6 mL/kg (5.2); placebo, 17.1 mL/kg (14.3; ANOVA P=0.02).

• Conclusions: Intraoperative, individualized dosing of FC appears feasible. The need for individualized dosing is supported by 
the finding that a 4-fold variation in FC dose is required to achieve therapeutic fibrinogen levels. Registration: URL: 
https://eudract.ema.europa.eu/; Unique identifier: 2013-003532-68. URL: https://www.isrctn.com/; Unique identifier: 
50553029.
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