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Abstract

Background: Hypofibrinogenaemia is associated with excessive bleeding after cardiac surgery. Our aim was to compare

the efficacy and safety of weight-adjusted vs empiric dosing of fibrinogen replacement in cardiac surgery.

Methods: In the Fibrinogen Replenishment in Cardiac Surgery (FIBRES) RCT, patients (n¼735) received fibrinogen

concentrate (4 g) or cryoprecipitate (10 units). In this post-hoc analysis, patients were grouped into quartiles based on

increasing weight-adjusted dosing. Generalised estimating equations were used to account for hospital site, age, sex,

surgical complexity, urgency, and critical preoperative status. The primary outcome was the number of units of red blood

cells transfused within 24 h of cardiopulmonary bypass. Secondary outcomes included allogeneic blood components

within 24 h, tamponade or major bleeding, and thromboembolic complications, ischaemic complications, or both within

28 days of cardiopulmonary bypass.

Results: The median weight-adjusted doses were 52 mg kg�1 of fibrinogen concentrate (inter-quartile range [IQR], 45e61;

n¼372) and 1.30 units per 10 kg of cryoprecipitate (IQR, 1.11e1.54; n¼363). When patients were divided into quartiles of

lowest to highest weight-adjusted dosing, no differences were seen in the primary outcome of red blood cell units

transfused within 24 h of cardiopulmonary bypass between the lowest and highest quartiles in either the fibrinogen

group (adjusted relative risk [RR]¼0.90; 95% confidence interval [CI], 0.71e1.13; P¼0.36) or the cryoprecipitate group

(adjusted RR¼1.04; 95% CI, 0.76e1.43; P¼0.80). Results were similar for all secondary outcomes.

Conclusion: Outcomes for the lowest and highest weight-adjusted doses of fibrinogen replacement were comparable.

Weight-adjusted dosing does not appear to offer advantages over empiric dosing in this context.

Clinical trial registration: NCT03037424.
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Clinically significant bleeding is a common perioperative

complication of cardiac surgery, and coagulopathy has been

associated with the use of cardiopulmonary bypass (CPB).1

Major surgical or coagulopathic bleeding increases the need

for allogeneic blood component transfusion, and is

independently associated with increased morbidity and

mortality.2,3 Effective treatment of coagulopathic bleeding

has been shown to reduce allogeneic transfusion, which

itself is associated with increased morbidity and mortality.4e7

A common cause of coagulopathic bleeding after CPB is

acquired hypofibrinogenaemia.8e11 Plasma fibrinogen levels

decrease frombaseline by 34e58% during CPB.1,12,13 Fibrinogen

is often the first coagulation factor to be depleted to critically

low concentrations in ongoing bleeding. In addition, CPB im-

pairs fibrin formation to a greater extent than thrombin gen-

eration or platelet function.13,14 The decrease in plasma

fibrinogen is multifactorial, but it is often related to the pre-

surgery level, haemodilution, increased consumption, and

increased degradation.1,11,15,16

There is significant evidence supporting fibrinogen sup-

plementation as a first-line treatment for post-CPB coagulo-

pathic bleeding related to hypofibrinogenaemia.7,17 The main

products used for fibrinogen replacement in surgical

bleeding are cryoprecipitate and fibrinogen concentrate.

Cryoprecipitate was used as first-line therapy for hypofi-

brinogenaemia before the development of factor concen-

trates.18 Fibrinogen concentrate is a newer product approved

for use in many countries, including Canada. The type of

product used, the dose, and the transfusion protocol varies

by centre, and few studies have compared these issues

directly.7,17

Dosage recommendations have been made for fibrinogen

concentrate and cryoprecipitate based on formulae that ac-

count for plasma fibrinogen concentration and patient

weight19 but, particularly in the context of cardiac surgery,

empiric doses of 4 g per administration of fibrinogen concen-

trate and 10 units of cryoprecipitate are often used and have

been demonstrated to be efficacious and to show a favourable

safety profile.7,20e23 However, larger patients have larger

circulating blood volumes,24,25 and fixed dosing of fibrinogen-

containing products may be suboptimal in some patients.

Larger patients who are relatively under-dosed may receive

inadequate treatment of acquired hypofibrinogenaemia with

potentially increased transfusion requirements. Smaller pa-

tients may be relatively overdosed, which may in turn impact

clinical outcomes.26

Our goal was to evaluate whether a body weight-adjusted

dosing strategy has clinical advantages over a fixed empiric

dosing strategy in the clinical setting of bleeding cardiac sur-

gical patients. We performed a post-hoc analysis of the Effect of

Fibrinogen Concentrate vs Cryoprecipitate on Blood Compo-

nent Transfusion After Cardiac Surgery (FIBRES) RCT7 to

examine the association between the weight-adjusted doses of

fibrinogen concentrate and cryoprecipitate administered with

transfusion requirements, return to the operating room for

tamponade or bleeding, and thromboembolic complications.
Methods

Study design and aims

This was a post-hoc analysis of prospectively collected data

from the FIBRES RCT,7 which included patients undergoing a
cardiac surgical procedure with CPB between 10 February 2017

and 1 November 2018, at one of 11 centres across Canada

(ClinicalTrials.gov identifier: NCT03037424). Approval for this

substudy was obtained from the University Health Network

Research Ethics Board (REB Study Number 16e5636.16), and

results are reported according to the Strengthening the

Reporting of Observational Studies in Epidemiology (STROBE)

guidelines.27

Recruited patients received fibrinogen replacement for

clinically significant bleeding deemed related to hypofi-

brinogenaemia (plasma fibrinogen <2.0 g L�1 by Claussmethod

or fibrin-based thromboelastometry [FIBTEM], or clinical sus-

picion where fibrinogen levels were unavailable).7 Exclusion

criteria were as detailed in the original FIBRES study.7

In FIBRES, patients were randomly allocated to receive a

fixed dose of 4 g fibrinogen concentrate per administration

infused over approximately 10 min, or 10 units of cry-

oprecipitate infused according to local practice. The individual

dose for each product was fixed. This empirical dosing strategy

is consistent with prior published literature and guidelines.7

Fibrinogen concentrate was only received for 24 h after CPB,

after which cryoprecipitate was to be used for subsequent

doses in both groups. No other alterations to patient care were

made.5,28 The aim of this analysis was to evaluate the associ-

ation between the dose of fibrinogen concentrate or cry-

oprecipitate administered, as adjusted for patient weight, and

postoperative outcomes. Our primary analysis included all

patients in the modified intention-to-treat analysis of FIBRES.

We additionally examined the subpopulation who only

received one dose of product in a separate analysis to more

reliably estimate differences in plasma fibrinogen concentra-

tion between groups after a single administration.
Primary predictor

Each 4 g dose of fibrinogen concentrate was adjusted for total

patient body weight according to product monograph and

weight-based guidelines, which typically recommend 50e70

mg kg�1 fibrinogen per individual administration.29,30 Cry-

oprecipitate dosing at 10 units was similarly adjusted for total

body weight where recommendations suggest 1 unit per 5e10

kg.30,31 In order to compare outcomes between patients

receiving lower doses of fibrinogen replacement as adjusted

for body weight compared with those receiving higher

amounts, quartiles were created distinguishing groups of pa-

tients treated with lower amounts of weight-based product

dosing (Quartile 1, lowest 25% of weight-based dosing)

compared with higher weight-based doses up to Quartile 4

(highest 25% of weight-based dosing). Quartiles were gener-

ated to enable separation by clinically meaningful differences

in fibrinogen product dosing while still retaining enough pa-

tients within each group to enable statistical comparisons.
Outcomes

The primary outcome was the number of units of packed red

blood cells transfused within 24 h of CPB.8,32e34 The secondary

outcomes included the total number of individual allogeneic

blood components transfusedwithin 24 h after CPB (packed red

cells, platelets, frozen plasma [FP]), re-exploration because of

tamponade or major bleeding, and the incidence of thrombo-

embolic complications, ischaemic complications, or both

(defined as stroke, myocardial infarction, intra-abdominal or

http://ClinicalTrials.gov


Enrolment Assessed for eligibility (n=890)

Randomised (n=827)

Excluded (n=63)
• Not meeting inclusion criteria (n=10)
• Declined to participate (n=27)
• Other reasons (n=26)

Allocated to cryoprecipitate (n=412)
• Received allocated intervention (n=383)
• Did not receive allocated intervention
  (cessation of bleeding) (n=29)

Allocated to fibrinogen concentrate (n=415)
• Received allocated intervention (n=383)
• Did not receive allocated intervention
  (cessation of bleeding) (n=32)

Allocation

Included in modified intention-to-treat analysis
(n=363)

Included in modified intention-to-treat analysis
(n=372)

Primary analysis

Patients receiving only one dose of
cryoprecipitate (n=296)

Patients receiving only one dose of fibrinogen
concentrate (n=309)

Single-dose comparison

Lost to follow-up (n=11) Lost to follow-up (n=20)

Follow-up

Fig. 1. Participant identification and selection flow diagram.
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limb ischaemia, and pulmonary embolism or other venous

thrombosis) within 28 days of CPB.
Statistical analyses

Continuous variables were handled as medians and inter-

quartile ranges (IQRs). Categorical variables were handled as

frequencies or percentages. Descriptive analyses were con-

ducted examining variability in weight-based dosing. The

change in plasma fibrinogen concentration after a single

product dose was examined with scatterplots. Box plots and

histograms were used to visually examine the change in

plasma fibrinogen concentration after a single dose of product.

For the primary and secondary outcomes, unadjusted and

adjusted associations between increasing quartiles of weight-

based product doses and counts of RBC or total allogeneic
transfusions were examined. Generalised estimating equations

with specification of a Poisson distribution were used for count

data, whereas a logistic distribution was specified for binary

outcomes. Adjustment variables were chosen a priori based on

the literature.35,36Modelswere adjusted for surgical complexity,

urgency, critical preoperative status, sex, and age. The absence

ofhigher level clusteringbeyond the site levelwasassumed, and

values of the intraclass correlation coefficientwere examined in

relation to appropriate specification of the model covariance

matrix.37 Global measures of model fit based on information

criterion statistics (QIC statistics) for a multilevel data structure

were used to assess individual models.38 Unadjusted and

adjusted odds ratios or risk ratios were calculated where

appropriate, with 95% confidence intervals (95% CIs). A P-value

�0.05was considered significant. SAS Studio (SAS Institute, Inc.,

Cary, NC, USA) was used to perform the statistical analyses.
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Results

Of the 827 patients included in FIBRES, 372 patients from the

fibrinogen concentrate group and 363 from the cryoprecipitate

group were included in the modified intention-to-treat anal-

ysis and comprised the population of interest for this study

(Fig 1). Patient characteristics are presented in Table 1. For

analyses including patients who received only one dose of

fibrinogen replacement, 309 patients in the fibrinogen

concentrate and 296 patients in the cryoprecipitate groupwere

eligible. Of these patients, 252 (82%) in the fibrinogen

concentrate group and 225 (76%) in the cryoprecipitate group

had plasma Clauss fibrinogen values available before and after

product administration.
Table 1 Descriptive characteristics of the study population. IQR, inte

Patient characteristics
Age, yr, median (IQR)
Sex
Female, n (%)
Male, n (%)

Height, cm, median (IQR)
Weight, kg, median (IQR)
BMI, kg m�2, median (IQR)
Creatinine clearance, ml min�1, median (IQR)
Diabetes mellitus, n (%)
Chronic lung disease, n (%)
Cerebrovascular disease, n (%)
Left ventricular ejection fraction, n (%)
>50%
31e50%
21e31%
<21%

Surgical characteristics
Complex surgery, n (%)
Urgent surgery, n (%)
Critical preoperative Status, n (%)
Cardiopulmonary bypass time, min, median (IQR)
Perioperative fibrinogen details
Typical product amount administered per individual dose, g
Mean (SD)
Median (IQR)

Weight-adjusted dose, mg kg�1 (Fibrinogen Concentrate)
or units per 10 kg (Cryoprecipitate)
Mean (SD)
Median (IQR)

Fibrinogen concentration before product administration, g L�1

All patients, median (IQR)
Patients receiving only one fibrinogen or cryoprecipitate
dose, median (IQR)

Fibrinogen concentration after product administration, g L�1

All patients, median (IQR)
Patients receiving only one fibrinogen or cryoprecipitate
dose, median (IQR)

Plasma fibrinogen concentration change after product
administration, g L�1

All patients, median (IQR)
Patients receiving only one fibrinogen or cryoprecipitate dose,
Median (IQR)

Bleeding and transfusion within 24 h of separation from
cardiopulmonary bypass

Packed red blood cells, units, median (IQR)
Platelets, units, median (IQR)
Frozen plasma, units, median (IQR)
24 h chest tube output, ml, median (IQR)
Dose variability in empiric vs weight-adjusted
strategies

Variability in the empiric doses of fibrinogen concentrate or

cryoprecipitate received was low (fibrinogen concentrate me-

dian dose¼4.0 g; IQR, 4.0e4.0; cryoprecipitate median dose¼10

units; IQR, 10e10). When adjusted for individual patient

weight, however, more variability per dose was observed. This

translated to a median dose of 52 mg kg�1 (IQR, 45e61) for

fibrinogen concentrate and 1.30 units per 10 kg (IQR, 1.11e1.54)

for cryoprecipitate. Variability in the dose of each product

adjusted for weight is shown in Fig 2. The plasma fibrinogen

concentration increased proportionately with increases in

weight-adjusted dosing of both fibrinogen concentrate and
r-quartile range; SD, standard deviation.

Fibrinogen
arm (n¼372

Cryoprecipitate
arm (n¼363)

65 (54, 72) 64 (53, 72)
113 (30%)
259 (70%)

105 (29%)
258 (71%)

170 (161, 178) 170 (163, 177)
76 (65, 87) 77 (65, 90)
22 (20, 25) 23 (20, 26)
73 (51, 95) 74 (50, 96)
80 (22%) 74 (20%)
53 (14%) 37 (11%)
46 (12%) 49 (14%)
256 (72%)
51 (14%)
28 (8%)
22 (6%)

263 (76%)
57 (16%)
12 (3%)
15 (4%)

267 (72%) 260 (72%)
141 (38%) 128 (35%)
64 (17%) 37 (11%)
143 (102, 209) 134 (99, 200)

4 (0.23)
4 (4, 4)

10 (0.13)
10 (10, 10)

54 (13)
52 (45, 61)

1.34 (0.31)
1.30 (1.11, 1.54)

1.6 (1.3, 1.9) [n¼352]
1.60 (1.33, 1.90) [n¼293]

1.6 (1.3, 1.9) [n¼346]
1.66 (1.35, 1.92) [n¼287]

2.5 (2.1, 2.9) [n¼324]
2.58 (2.23, 2.96) [n¼267]

2.3 (2.0, 2.6) [n¼296]
2.40 (2.11, 2.71) [n¼233]

0.90 (0.6, 1.2) [n¼306]
0.96 (0.74, 1.28) [n¼252]

0.70 (0.5, 1.0) [n¼280]
0.78 (0.52, 1.00) [n¼225]

2 (0, 5) 2 (1, 5)
2 (1, 3) 2 (1, 3)
2 (0, 4) 2 (0, 4)
800 (500, 1350) 830 (540, 1350)



Fibrinogen dosing per kg in the FIBRES study
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Fig. 2. Variability in individual dose of product adjusted for weight. (a) Variability in fibrinogen concentrate dose adjusted for total body

weight (kg) (n¼372). (b) Variability in cryoprecipitate dose adjusted for total body weight (per 10 kg) (n¼363). FIBRES, Fibrinogen Replen-

ishment in Cardiac Surgery.
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cryoprecipitate (Fig 3), with significant inter-patient variability

in dose response.

In all included patients where Clauss plasma fibrinogen

was measured before and after a product dose, the median

change in plasma fibrinogen concentration after either a single

or repeated dose of fibrinogen concentrate (n¼324, 87%) was

0.90 g L�1 (IQR, 0.6e1.2), and after a single or repeated dose of

cryoprecipitate (n¼296, 82%) it was 0.70 g L�1 (IQR, 0.5e1.0).

Examining only patients where Clauss fibrinogen concentra-

tion was measured before or after a single dose of fibrinogen
concentrate (n¼252, 82%) or cryoprecipitate (n¼225, 76%), the

median increase in plasma fibrinogen concentration in the

fibrinogen concentrate group was 0.96 g L�1 (IQR, 0.74e1.28),

and in the cryoprecipitate group it was 0.78 g L�1 (IQR,

0.52e1.00), with a median difference between groups of e0.18

g L�1 (95% CI, e0.28 to e0.08; P¼0.0002) (Fig 3). Detailed infor-

mation regarding the change in plasma fibrinogen level and

the absolute value of the plasma fibrinogen concentration af-

ter a single dose is available in Supplementary Appendix

Tables S1 and S2.
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Fig. 3. Plasma fibrinogen change after a single administration of fibrinogen concentrate or cryoprecipitate. Cryoprecipitate, n¼225;

fibrinogen concentrate, n¼252. (a) Change in plasma fibrinogen concentration after a single dose of fibrinogen concentrate, adjusted for

total body weight (kg) (n¼252). Parameter estimate for fibrinogen concentrate per mg kg�1: 0.01 (95% confidence interval [CI], 0.007e0.016);

P<0.0001. (b) Change in plasma fibrinogen concentration after a single dose of cryoprecipitate, adjusted for total body weight (per 10 kg)

(n¼225). Parameter estimate for cryoprecipitate per 10 kg: 0.45 (95% CI, 0.28e0.62); P<0.0001. (c) Box plot of change in plasma fibrinogen

concentration after a single product dose. Wilcoxon signed-rank test P-value <0.0001. (d) Histogram of individual plasma fibrinogen

changes after a single product dose. Superimposed data distributions are shown using kernel density estimates.
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Association of weight-adjusted fibrinogen concentrate
or cryoprecipitate dose with outcomes

Patients in the Fibrinogen Concentrate groupwere divided into

quartiles of weight-based fibrinogen dosing, with those in the

lowest quartile receiving a median fibrinogen concentrate

dose of 41 mg kg�1 (IQR, 38e43) and those in the highest

quartile receiving a median fibrinogen concentrate dose of 67

mg kg�1 (IQR, 64e75) (P<0.001; Table 2). With Quartile 1 as the

reference quartile, there was no consistently observed differ-

ence in unadjusted or adjusted models for the outcomes of

units of RBC transfused within 24 h of CPB, number of
allogeneic products transfused (RBC, platelets, FP) within 24 h

of CPB, return to the operating room for bleeding or tampo-

nade, or thromboembolic or ischaemic complications (Table 3,

Supplementary Fig. S1). The median numbers of units of RBCs

transfused per quartile with corresponding median weights

are shown in Supplementary Table S3.

Similarly, patients in the Cryoprecipitate group were

divided into quartiles of weight-based dosing, with those in the

lowest quartile receiving a median cryoprecipitate dose of 1.02

units per 10 kg (IQR, 0.94e1.09), and those in the highest

quartile receiving a median cryoprecipitate dose of 1.69 units

per 10 kg (IQR, 1.63e1.86; P<0.001). There was no consistently



Table 2 Quartiles of product dosing when adjusted for total body weight. IQR, inter-quartile range; SD, standard deviation.

Group Fibrinogen arm (n¼372) (mg kg¡1) Cryoprecipitate arm (n¼363) (units per 10 kg)

Number (%) Mean (SD) Median (IQR) Number (%) Mean (SD) Median (IQR)

Quartile 1
Lowest 25%

94 (25%) 40 (5) 41 (38, 43) 94 (26%) 1.01 (0.09) 1.02 (0.94, 1.09)

Quartile 2 92 (25%) 49 (2) 48 (47, 51) 87 (24%) 1.21 (0.06) 1.22 (1.15, 1.25)
Quartile 3 93 (25%) 57 (2) 56 (55, 59) 91 (25%) 1.39 (0.06) 1.39 (1.33, 1.44)
Quartile 4
Highest 25%

93 (25%) 71 (10) 67 (64, 75) 91 (25%) 1.78 (0.22) 1.69 (1.63, 1.86)

Empiric vs weight-based fibrinogen dosing - 7
observed difference between quartiles in the unadjusted or

adjusted models for the outcomes of RBC transfused within 24

h of CPB, any allogeneic transfusion within 24 h of CPB, return

to the operating room for bleeding or tamponade, or throm-

boembolic or ischaemic complications (Table 3, Supplementary

Fig. S2).
Discussion

In this post-hoc analysis of the FIBRES RCT, we examined the

association between weight-adjusted dosing with plasma

fibrinogen concentration response to product administration

and clinical outcomes, including allogeneic blood product

transfusion, major postoperative bleeding, and thromboem-

bolic or ischaemic events. Although plasma fibrinogen con-

centration increased more with higher weight-based dosing,

there was no observed difference in our pre-specified clinical

outcomes when comparing patients who received lower or

higher weight-adjusted doses of either fibrinogen concentrate

or cryoprecipitate.

We observed a range of doses of both fibrinogen concen-

trate and cryoprecipitate when adjusted for weight, but the

observed variability appears to be limited in its clinical

importance given that only a small proportion of patients had

a post-supplementation fibrinogen concentration less than 2 g

L�1 (Supplementary Table S2: Fibrinogen Concentrate group,

8%; Cryoprecipitate group, 15%). When the plasma fibrinogen

level is unknown or unreliable (such as during ongoing hae-

morrhage), the recommended weight-based dose of fibrinogen

concentrate is 70mg kg�1, whereas cryoprecipitate is generally

dosed at 1 unit per 7e10 kg.39 When analysed retrospectively,

many patients within the FIBRES trial were not dosed within

this recommendedweight-based range, yet we did not observe

an increase in transfusion requirements or return to the

operating room for re-exploration in patients receiving lower

weight-adjusted doses. In addition, despite the variability in

the actual weight-adjusted dose received, post-transfusion

plasma fibrinogen concentrations were 2.5 g L�1 (IQR,

2.1e2.9) in the fibrinogen concentrate group and 2.3 g L�1 (IQR,

2.0e2.6) in the cryoprecipitate group, suggesting adequacy of

fibrinogen replacement in both groups.7 In addition, it is un-

likely that increasing the plasma fibrinogen concentration

above that recommended by international guidelines will have

any additional haemostatic effect.5

Similarly, we did not observe an association between

higher weight-adjusted fibrinogen concentrate or cry-

oprecipitate dosing and thromboembolic or ischaemic events.

The risk of venous thromboembolism increases with plasma

fibrinogen concentrations >4.6 g L�1, with the thrombosis risk
increasing almost fourfold when compared with the general

population at plasma concentrations >5 g L�1.28,40 Such high

concentrations during active bleeding are rare and were not

observed in FIBRES. Therefore, an empiric fixed dosing strat-

egy of 4 g for fibrinogen concentrate and 10 units for cry-

oprecipitate is logistically simpler to implement in clinical

practice for actively bleeding patients, and when utilised

properly appears unlikely to be harmful to patients.

The results of this analysis support the use of a stand-

ardised fixed dosing regimen for fibrinogen concentrate and

cryoprecipitate in treating post-CPB acquired hypofi-

brinogenaemic bleeding in patients with complex cardiac

surgery as demonstrated in the FIBRES trial. Support for the

efficacy of fixed dosing of fibrinogen concentrate in adult pa-

tients is important to establish in the context of the many

practical and safety benefits of fibrinogen concentrates over

cryoprecipitate.41 Although cryoprecipitate does contain other

pro-haemostatic factors (von Willebrand factor, factor XIII,

and fibronectin), this substudy was unable to detect an addi-

tional benefit to haemostasis in this patient population when

compared with fibrinogen concentrate. Our data suggest that

fibrinogen concentrate is amore reliable product for fibrinogen

replacement, with a significantly higher increase in median

plasma fibrinogen concentration observed after a single dose

compared with cryoprecipitate (fibrinogen concentrate¼0.96 g

L�1 [IQR, 0.74e1.28]; cryoprecipitate¼0.78 g L�1 [IQR,

0.52e1.00]; P<0.0001). This may be a result of the known vari-

ability in fibrinogen content between doses of cryoprecipitate,

given that it is a plasma-derived product. Before the publica-

tion of the FIBRES trial, variability in clotting factor levels

amongst blood donors was known to contribute to variability

in the fibrinogen concentration in cryoprecipitate.42 In

contrast, fibrinogen concentrate products have greater

standardisation of fibrinogen content. Despite this variability,

clinical efficacy overall appears to be similar.

Limitations of this post-hoc analysis relate to the relatively

small sample size when examining rare clinical outcomes such

as return to the operating room for bleeding or thromboembolic

events. In addition, higher BMI is associated with greater

circulating blood volume and higher baseline fibrinogen con-

centration, and so may be protective from transfusion and

clinically significant bleeding events.24,25 This may in part

explain why no increase in bleeding complications or trans-

fusion was seen with increases in body weight, despite relative

under-dosing of product.24,30,39,43 In addition, although our

study does not measure every endpoint which may capture

bleeding (e.g. delayed chest closure indicative of ongoing

microvascular bleeding), we did examine endpoints highly

associated with morbidity (all allogeneic blood component



Table 3 Results of unadjusted and adjusted regression models for outcomes. *Adjusted model results accounted for surgical complexity (complex procedures were those other than
coronary artery bypass surgery only, single valve only, or repair of atrial septal defect only), urgency (non-elective vs elective status), critical preoperative status (determined by blinded
adjudication on patients who underwent emergency surgery and had any of the following conditions: (1) ventricular tachycardia or fibrillation or cardiac arrest; (2) preoperative cardiac
massage; (3) preoperative ventilation before anaesthetic room; (4) haemodynamic support requiring preoperative inotropes or ventricular assist devices; (5) preoperative acute renal
failure [anuria or oliguria]), sex, and age. CI, confidence interval.

Outcome 1: Number of packed red blood cells transfused within 24 h of cardiopulmonary bypass
Poisson regression accounting for clustering by study site

Fibrinogen arm (n¼372) Cryoprecipitate arm (n¼363)

Unadjusted results
Quartile Number of red blood cells transfused Relative risk (95% CI) P-value Number of red blood cells transfused Relative risk (95% CI) P-value
1
2
3
4

349
336
272
277

Reference
1.03 (0.67e1.58)
0.83 (0.66e1.05)
0.84 (0.65e1.10)

0.90
0.12
0.21

345
232
350
274

Reference
0.72 (0.47e1.12)
1.04 (0.73e1.48)
0.81 (0.60e1.08)

0.14
0.84
0.15

Adjusted results*
Quartile Number of red blood cells transfused Relative risk (95% CI) P-value Number of red blood cells transfused Relative risk (95% CI) P-value
1
2
3
4

349
336
272
277

Reference
1.04 (0.77e1.40)
0.89 (0.70e1.15)
0.90 (0.71e1.13)

0.81
0.38
0.36

345
232
350
274

Reference
0.82 (0.52e1.27)
1.17 (0.85e1.60)
1.04 (0.76e1.43)

0.37
0.33
0.80

Outcome 2: number of all allogeneic product transfusions within 24 h of cardiopulmonary bypass (red blood cells, frozen plasma, platelets)
Poisson regression accounting for clustering by study site

Fibrinogen arm (n¼372) Cryoprecipitate arm (n¼363)

Unadjusted results
Quartile Number of blood products transfused Relative risk (95% CI) P-value Number of blood products transfused Relative risk (95% CI) P-value
1
2
3
4

1003
927
677
771

Reference
1.01 (0.77e1.31)
0.75 (0.63e0.89)
0.83 (0.69e1.00)

0.97
0.0009
0.05

1083
671
902
721

Reference
0.69 (0.49e0.96)
0.89 (0.64e1.25)
0.73 (0.59e0.90)

0.03
0.51
0.003

Adjusted results*
Quartile Number of blood products transfused Relative risk (95% CI) P-value Number of blood products transfused Relative risk (95% CI) P-value
1
2
3
4

1003
927
677
771

Reference
1.02 (0.87e1.20)
0.83 (0.69e1.00)
0.90 (0.78e1.04)

0.81
0.05
0.16

1083
671
902
721

Reference
0.78 (0.55e1.11)
0.99 (0.73e1.34)
0.92 (0.70e1.21)

0.17
0.95
0.56
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Outcome 3: return to the operating room for re-exploration because of bleeding or tamponade
Logistic regression accounting for clustering by study site

Fibrinogen arm (n¼372) Cryoprecipitate arm (n¼363)

Unadjusted results
Quartile Number of events Odds ratio (95% CI) P-value Number of events Odds ratio (95% CI) P-value
1
2
3
4

13
12
17
8

Reference
0.93 (0.55e1.59)
1.39 (0.82e2.36)
0.59 (0.32e1.09)

0.79
0.22
0.09

9
13
11
14

Reference
1.66 (0.65e4.23)
1.30 (0.59e2.89)
1.73 (0.67e4.49)

0.29
0.51
0.26

Adjusted results*
Quartile Number of events Odds ratio (95% CI) P-value Number of events Odds ratio (95% CI) P-value
1
2
3
4

13
12
17
8

Reference
0.89 (0.46e1.70)
1.40 (0.80e2.44)
0.49 (0.23e1.04)

0.72
0.24
0.06

9
13
11
14

Reference
1.29 (0.45e3.72)
1.20 (0.41e3.48)
1.80 (0.49e6.58)

0.63
0.74
0.37

Outcome 4: thromboembolic and ischaemic complications (stroke, myocardial infarction, intra-abdominal or limb ischaemia, pulmonary embolism, and venous thrombosis)
Logistic regression accounting for clustering by study site

Fibrinogen arm (n¼372) Cryoprecipitate arm (n¼363)

Unadjusted results
Quartile Number of events Odds ratio (95% CI) P-value Number of events Odds ratio (95% CI) P-value
1
2
3
4

8
8
12
9

Reference
1.04 (0.41e2.62)
1.58 (0.67e3.75)
1.17 (0.47e2.92)

0.93
0.30
0.74

9
9
13
14

Reference
1.10 (0.37e3.30)
1.59 (0.71e3.57)
1.70 (0.68e4.22)

0.86
0.26
0.25

Adjusted results*
Quartile Number of events Odds ratio (95% CI) P-value Number of events Odds ratio (95% CI) P-value
1
2
3
4

8
8
12
9

Reference
0.94 (0.38e2.34)
1.67 (0.64e4.40)
0.92 (0.40e2.11)

0.90
0.30
0.85

9
9
13
14

Reference
1.37 (0.42e4.46)
1.79 (0.70e4.59)
1.98 (0.73e5.36)

0.60
0.22
0.18
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transfusions and the incidence of return to the operating room

for re-exploration because of bleeding). There were no differ-

ences found in these analyses, suggesting that clinically

important bleeding is unlikely to be different between groups.
Conclusion

Our analysis shows no statistically significant differences in

blood product usage, return to the operating room for bleeding

or tamponade, or thromboembolic events when comparing

quartiles of patients receiving the lowest weight-based doses

to patients receiving the highest weight-based doses of the

individual fibrinogen sources. Fibrinogen concentrate was

shown in our results to provide a larger single dose increase in

plasma fibrinogen concentration compared with cry-

oprecipitate; however, the majority of patients had fibrinogen

levels greater than 2 g L�1 after a single dose of either product.

When considering the above in the context of fibrinogen

concentrate’s logistical and safety advantages over cry-

oprecipitate, it is likely that the adoption of fibrinogen con-

centrates in treating bleeding associated with CPB will

continue to grow.
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