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Bleeding is a leading cause of perioperative mortality [1]. 
In a perioperative setting, damage control surgery with 
massive transfusion protocols (MTPs) are therapeutic 
approaches used clinically to manage patients with major 
bleeding. Massive transfusion is arbitrarily defined as 
receiving 10 or more red blood cell units in 24 h. MTPs 
include blood components or whole blood, along with 
coagulation factor concentrates, including prothrombin 
complex concentrates (PCCs) and fibrinogen, and are 
often based on a bleeding management algorithm that 
may include tranexamic acid, an antifibrinolytic agent [2]. 
To guide bleeding management, coagulation monitor-
ing includes conventional coagulation tests (e.g., platelet 
counts, prothrombin time, and fibrinogen level), and/or 
viscoelastic testing (VET). In addition, haemostatic sup-
port is used to optimize haemostasis, while surgeons 
correct the site-specific bleeding, a strategy that requires 
collaboration among multiple clinicians, blood services, 
and in-hospital logistics. In this review, we will examine 
therapeutic approaches for haemostatic management 
during perioperative bleeding.

Fibrinogen source, dose, and timing?
Fibrinogen, a critical haemostatic factor for clot for-
mation, is converted into insoluble fibrin by thrombin 
that undergoes subsequent cross-linking by factor XIII 
(Fig. 1). Guidelines recommend fibrinogen repletion to a 
level of 1.5–2 g/L during bleeding using fibrinogen con-
centrates or cryoprecipitate [3]. The fibrinogen source 
depends on country-specific availability and local proto-
cols. A recent cardiac surgical randomized clinical trial 

(RCT) reported no differences using either cryoprecipi-
tate or fibrinogen concentrates [4]. However, no RCT 
data support the preferred source, dose, minimal tar-
geted fibrinogen level, and timing of fibrinogen supple-
mentation during active bleeding.

Ionized calcium: just counteracting citrated blood 
products?
Ionized calcium is critical for coagulation (Fig. 1). Rapid 
infusion of citrated blood products administered dur-
ing MTPs acutely lower ionized calcium, inhibiting cal-
cium-dependent coagulation factors. Guidelines suggest 
maintaining normocalcaemia during resuscitation [3]. 
Of note, recalcification is required for most coagulation 
assays, a consideration that masks depletion and hypoc-
alcaemia that may occur during resuscitation.

PCCs and factor concentrates
PCCs generally contain factors (F) II, VII, IX, X, and 
variable levels of protein C, S, and antithrombin (Fig. 1). 
PCCs were developed for vitamin K antagonist reversal 
[5], and are increasingly used for perioperative bleeding 
management [2, 3]. Although PCC may correct perio-
perative coagulopathy, there are concerns about safety 
related to the potential thrombotic risks [6]. Other factor 
concentrates administered include recombinant FVIIa 
and factor XIII which are used off-label for refractory 
bleeding but are not recommended by guidelines.

Tranexamic acid
Multiple trauma trials report the benefit of antifibrino-
lytic use of tranexamic acid (TXA) with early adminis-
tration in severely injured patients [2]. However, despite 
its extensive use, administration for severe (isolated) 
traumatic brain injury [7] and gastrointestinal bleed-
ing is debated due to the potential of increased throm-
boembolic risk [8]. In trauma patients, there is concern 
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regarding administering TXA in patients who demon-
strate fibrinolytic shutdown, a consideration based on 
observational data reporting the association of TXA 
with fibrinolytic shutdown and mortality [9]. However, in 
European guidelines, TXA is routinely administered [2].

Plasma transfusion: volume or coagulation 
support?
Plasma transfusion, a component of MTPs, includes 
fresh-frozen plasma (FFP) obtained from male donors or 
solvent-detergent plasma (SDP) from collected plasma 
pools processed to remove enveloped viruses, micropar-
ticles, and other contaminants. Large RCTs comparing 
plasma products in perioperative bleeding are lacking. 

Plasma does not correct clotting times but may mini-
mize endotheliopathy during massive volume resuscita-
tion, as an important rationale for its use [10]. In a pilot 
cardiothoracic trial, SDP showed less syndecan-1 release 
than FFP [11]. The downside of plasma transfusion is its 
association with transfusion-related acute lung injury 
(TRALI), circulatory overload, bacterial contamination, 
and hypersensitivity reactions.

Platelets as primary components
Platelets are critical for haemostasis. Based on MTPs, red 
blood cells (RBCs) are initially administered, followed by 
plasma, and platelets. In traumatic bleeding, the Prag-
matic, Randomized Optimal Platelet and Plasma Ratios 

Fig. 1  Coagulation support in perioperative bleeding management. The goal of coagulation support during perioperative bleeding management 
is to promote clot formation. Components of primary clot formation are fibrinogen which is supplemented by fibrinogen concentrate and/or cryo-
precipitate, platelets which can be supplemented by platelet transfusion and activated by calcium supplementation. For secondary coagulation 
processes, calcium, plasma transfusion, and prothrombin complex concentrate administration promote thrombin and fibrin formation, further sta-
bilizing clot formation. Of note, cryoprecipitate contains more FXIII than most of the fibrinogen concentrates. By thrombin activated FXIII crosslinks 
fibrin monomers to create a fibrin polymer network. Red blood cells by changing their shape further empower the stabilization of the clot. There is 
some evidence that plasma transfusion, next to coagulation factor supplementation, also protects endothelial glycocalyx release, limiting excessive 
clot formation. Finally, tranexamic acid by binding lysine groups of plasminogen limits the transversion of plasminogen into plasmin, reducing the 
fibrinolysis reaction



1112

(PROPPR trial) reported platelets-to-red blood cell ratios 
between 1:1 and 1:2 with no differences in mortality in 
either of the ratios used. Furthermore, trials evaluating 
the timing and dose of platelet transfusions in trauma 
patients are lacking. Currently, cold-stored platelets are 
being investigated as they have extended storage times 
and are increasingly studied in perioperative bleeding. 
Current research is also evaluating synthetic platelet-like 
particles as potential alternatives for allogeneic platelet 
transfusions.

Red blood cells: not just for oxygen delivery
RBCs change into a polyhedral shape when incorporated 
into a forming clot, which has been shown to maximize 
clot strength [12]. RBCs interact with platelets, fibrino-
gen, von Willebrand factor, and FXIII to optimize clot 
formation; however, their role in coagulation is often 
overlooked in bleeding management.

Moving towards individualized coagulation 
support
Goal‑directed therapy
MTPs provide support for perioperative bleeding man-
agement, although additional strategies are needed. 
Beyond procedural interventions and surgical bleed-
ing repair, goal-directed therapy is increasingly used 
for major bleeding. As part of this strategy, VET-guided 
transfusion strategies consistently reduce allogeneic 
blood administration in cardiothoracic surgical patients. 
However, studies comparing VET with conventional 
coagulation testing to guide transfusion support in liver 
transplant surgery have demonstrated mixed results. In 
one recent VET-guided liver transplant surgical study, 
RBCs and FFP transfusions were reduced, and there were 
no differences in platelet transfusions, but cryoprecipitate 
administration was increased [13]. After trauma-induced 
bleeding, transfusion strategies with VET compared to 
conventional coagulation assays have also been reported 
to reduce mortality [14]. However, transfusion strat-
egy with VET-augmented coagulation support did not 
improve survival or reduce the need for MTPs [15]. Most 
studies of VET compared to conventional coagulation 
tests use an algorithmic approach; however, the ben-
efits may be due to using an evidence-based, algorith-
mic approach to bleeding management that avoids any 
empiric administration of blood products. Patients with 
acquired coagulopathy and active bleeding may benefit 
the most from goal-directed coagulation support as part 
of established algorithms.

Take‑home messages
Perioperative bleeding management currently includes 
a multimodal approach of MTPs, TXA, VET-guided 

transfusion algorithms, and potentially factor concen-
trates. With ongoing blood shortages, factor concentrates 
represent an important alternative therapeutic approach 
to facilitate haemostasis. Additional modifications of 
allogeneic blood products, including cold-stored plate-
lets, may provide additional availability of critical hae-
mostatic factors. Ongoing efforts to optimize our current 
transfusion and coagulation supportive strategies during 
active bleeding continue to be evaluated. The future of 
perioperative bleeding management will likely be individ-
ualized, and additional ongoing research will guide our 
therapeutic approaches.
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