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The pathophysiology of bleeding in patients after 
trauma, major surgery, and postpartum hemorrhage 

is multifactorial, and includes hypovolemia, hypother-
mia, metabolic acidosis, hemodilution, thrombocytopenia, 
platelet dysfunction, coagulation factor deficit, fibrinolysis, 
and activation of inflammatory pathways.1,2 Pre-existing 
hemostatic defects due to oral anticoagulants (vitamin K 
antagonists [VKAs], factor IIa or Xa inhibitors) and anti-
platelet therapy (aspirin, adenosine diphosphate P

2
Y12 

receptor inhibitors) are often present in bleeding patients. 
The management of perioperative bleeding includes eval-
uating the bleeding risk, the effects of surgery on hemo-
stasis, administration of transfusional therapies, factor 
concentrates, or other measures based on point-of-care 
coagulation testing and their limitations.3 After major 
postoperative hemorrhage and resuscitation, patients tran-
sition from a hemorrhagic to a prothrombotic phenotype 
due to hypercoagulability associated with the acute phase 
responses and therapies administered.4 This can be exacer-
bated by physicians’ reluctance to start venous thrombo-
embolic prophylaxis after a bleeding episode. Optimizing 

hemostatic balance is critical for perioperative physicians, 
and requires understanding of hemostasis and therapeutic 
approaches.

This clinical focus review will discuss the definitions 
and pathophysiology of clinical bleeding in three major 
domains, trauma, cardiac surgery with cardiopulmonary 
bypass (CPB), and postpartum hemorrhage; describe 
evolving therapeutic approaches to manage bleeding 
conditions that occur commonly in each of these clini-
cal settings; and provide summary tables for the clinician’s 
reference.

General Considerations
Perioperative bleeding can occur from surgical and non-
surgical causes, or a combination of both. Drug-induced 
coagulopathy and/or platelet inhibition are important risk 
factors in patients treated with anticoagulants or antiplatelet 
therapy, and perioperative management should be individ-
ualized based on the reduced risk of bleeding as a benefit 
of interrupting those medications versus increased risk of 
thrombosis as a result of such discontinuation. Nonsurgical 
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bleeding manifests as generalized but often diffuse bleeding 
at sites remote from the surgical field. This type of bleeding, 
often referred to as oozing or diffuse microvascular bleed-
ing, is typically due to coagulopathy and platelet dysfunc-
tion. Coagulopathy can result from a single factor but often 
a combination of factors, including hemorrhage, metabolic 
acidosis, hypocalcemia, hypothermia, coagulation factor 
deficiency (inherited or acquired) or inappropriate replace-
ment, hepatic dysfunction, hyperfibrinolysis, or disseminated 
intravascular coagulation (DIC).5 In addition, bleeding can 
be observed in the presence of thrombocytopenia or platelet 
dysfunction. Severe bleeding may trigger transfusion of red 
blood cells, which still involves the risk of viral infection 
and is associated with the risk of transfusion-related immu-
nomodulation, thus promoting nosocomial infections and 
other immune responses.6,7 Massive hemorrhage contributes 
to 4% of malpractice claims in the United States, with a high 
percentage of cases in which anesthesia care was judged to 
be inappropriate.8 Of note, claims are highest in obstetrics 
(30%); however, risk factors, failure of early recognition, and 
delayed communication of a developing hemorrhagic emer-
gency contribute to the complications.

Definition of Severe Bleeding
The most severe complication of perioperative hemorrhage 
is hypovolemic shock. Classification of acute hypovolemia 
as defined by the American College of Surgeons (Chicago, 
Illinois) includes four levels corresponding to less than 
15% (class I), 15 to 30% (class II), 31 to 40% (class III), 
and greater than 40% (class IV) blood volume loss.9 Shock 
occurs when the blood loss creates oxygen debt, end-organ 
dysfunction, and ultimately death if not effectively treated 
in a timely fashion.

Multiple tools to standardize bleeding assessment have 
been reported. As examples, the Interagency Registry for 
Mechanically Assisted Circulatory Support (INTERMACS) 
defines major bleeding as the need for four or more eryth-
rocyte units within 24 h in the first postoperative week, 
whereas the International Society on Thrombosis and 
Haemostasis (Carrboro, North Carolina) defines major 
bleeding as more than two erythrocyte units in the same 
timeframe.10 The universal definition of perioperative 
bleeding, which monitors nine independent events related 
to perioperative bleeding within a five-level classification 
system, has been well-validated for the prediction of bleed-
ing complications after adult cardiac surgery (table 1).11,12 
The same applies for the European Coronary Artery Bypass 
Graft Bleeding Severity Grade.12 The universal definition 
of perioperative bleeding score revealed a high predictive 
value for 28-day mortality of patients of the large random-
ized Transfusion Avoidance in Cardiac Surgery (TACS) 
trial.12

Although there are many definitions of severe or 
life-threatening bleeding, each differs in the timeframe 
and volume of blood products administered and whether 
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the response activates a massive transfusion protocol. The 
need for consensus-based definitions is evident from the 
variable quantification of bleeding and inconsistent timing 
of when scoring occurs. This challenge was the topic of 
a recent consensus conference that recommended primary 
outcomes for clinical trials evaluating hemostatic blood 
products and agents in patients with bleeding.13,14 Summary 
recommendations addressed multiple scenarios including 
trauma, cardiac surgery/mechanical circulatory support, 
and inherited bleeding disorders.

Identifying Procedures and Patients with High 
Bleeding Risk
The bleeding risk is often estimated based on the surgical 
or interventional procedure performed. In this context, var-
ious specialty societies have categorized their procedures as 
low, intermediate, high, and uncertain bleeding risks.

Extremity trauma is considered low or high bleeding risk, 
depending on the extent, while hip, pelvis, and acetabular 
fractures are defined as high bleeding risk events. Different 
models and scores exist for identifying patients who may 
require massive transfusion after trauma. The models are 
mostly based on hemodynamic, physiologic, laboratory, 
injury patterns and severity, mechanism, and demographic 
triggers.15 The Trauma-associated Severe Hemorrhage 
score was developed based on analysis of data from severely 
injured patients with blunt trauma from the multicenter 
civilian trauma registry database of the German Trauma 
Society (Berlin, Germany).15,16 This score was measured by 
seven independent but weighted variables (table  2). The 
range of values was 0 to 28, and each point corresponded 
to a percentage risk of massive transfusion. Most of these  
parameters can be determined within 15 min in high-quality  
centers. The high performance of the score was reflected in 
an area under curve of 0.892 (95% CI, 0.879 to 0.905) in 
the development cohort and 0.887 (95% CI, 0.864 to 0.910) 
in the validation cohort. Massive transfusion was required in 
more than 90% of cases with a Trauma-associated Severe 
Hemorrhage score greater than 16.

Cardiac surgery is associated with high bleeding risk, 
especially in reoperations, major aortic surgery, multiple 
procedures with prolonged CPB times, implantation of 
ventricular assist devices, and transplantation after previous 
sternotomy or ventricular assist device implant.17 In the 
Papworth Bleeding Risk-Score, the type of surgery and 
patient-related factors were combined.18 However, the focus 
of this score is coronary artery bypass graft and valve sur-
gery. The recent Association of Cardiothoracic Anaesthetists 
perioperative risk of blood transfusion score developed by 
the Association of Cardiothoracic Anaesthesia and Critical 
Care (United Kingdom) to predict the PeriOperative Risk of 
blood Transfusion (PORT) in cardiac surgery is more com-
plex and is extrapolated from a large national database.19 This 
score uses age greater than 70 yr, gender, body surface area, 
categorized hemoglobin, creatinine and Euroscore, and type 
of surgery (coronary artery bypass grafting or valve surgery, 
combination of both, or other type of surgery). Of note, the 
development of a bleeding score in postpartum hemorrhage 
did not yield a satisfactory discriminative value.20 However, 
the Association of Women’s Health, Obstetrics and Neonatal 
Nurses (Washington, D.C.) hemorrhage risk assessment tool 
predicted clinically relevant composite morbidity.21

Further, pre-existing patient-related factors associated 
with an increased risk of procedural bleeding have been 
extensively studied in patients undergoing percutaneous 
coronary intervention and cardiac surgery.14,22–24 The iden-
tified factors include age 75 yr or greater, renal disease, liver 
disease, active cancer, laboratory findings including ane-
mia/thrombocytopenia, and emergency procedures. Even 
though these data cannot be easily extrapolated to all oper-
ative settings, they might be considered in the preoperative 
risk evaluation of the patient.

Pathophysiology of Coagulation Abnormalities in 
Specific Circumstances: Trauma, Cardiac Surgery, 
and Postpartum Hemorrhage
The early understanding of the classical coagulation cascade 
and operationalization of this knowledge have contributed 

Table 2.  Trauma-associated Severe Hemorrhage Score

Variable Value Points 

Male patient      1
Hemoglobin (mg/dl) < 7 < 9 s < 11 < 12 8/6/4/3/2
Base excess (mmol/l) < −10 < −6 < −2   4/3/1
Systolic blood pressure (mmHg) < 100 < 120    4/1
Heart rate (beats/min) > 120     2
Free intra-abdominal fluid in focused assessment sonography in trauma      3
Clinically instable pelvic fracture      6
Open or dislocated femur fracture      3

The table shows variables that are considered in the calculation of the Trauma-associated Severe Hemorrhage score. Also shown are the points that are weighted differently depend-
ing on the change in values.
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to the development of plasma-based assays for coagulation 
factor levels. However, the partial thromboplastin time 
(PTT) and the international normalized ratio (INR) are 
not able to predict bleeding, as these assays were never 
developed with this specific goal, but to examine hemo-
static defects in patients identified as hemophiliacs.25 A 
more modern understanding of the interrelated roles of the 
vascular endothelium, tissue factor activity and regulation, 
platelet function and signaling, and the contribution of 
immunoinflammatory factors led to a revision of the con-
cept of coagulation cascade to a cell-based model with fur-
ther specification into the steps of initiation, amplification, 

propagation, and stabilization, which have implications for 
therapeutic targets (fig.  1).26–29 Approaches to identifying 
and managing bleeding risk continue to be explored and 
refined and will have significant impact on its management 
over time.

Trauma

Uncontrolled posttraumatic bleeding has been reported to 
cause 25% of all injury-related deaths, and 40 to 80% of 
potentially preventable early traumatic deaths, with later 
mortality typically due to a hypercoagulable state and mul-
tiorgan failure. Trauma-induced coagulopathy describes a 

Fig. 1.  Common pathophysiology pathways of postpartum hemorrhage, trauma, and cardiac surgery and related therapy strategies. vWF, 
von Willebrand factor.
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multifactorial coagulopathy arising from the interaction of 
hemorrhagic shock, tissue injury, and time from injury.30 
Trauma-induced coagulopathy may manifest as hypoco-
agulability, and variably evolve to contribute along with 
metabolic acidosis and hypothermia as a component of 
traumatic hemorrhage, forming the lethal triad.

Early trauma-induced coagulopathy (less than 6 h) is 
seen in massively hemorrhaging patients with shock due to 
poor hemostatic control and clot formation compared to 
late trauma-induced coagulopathy (more than 24 h), which 
is a hypercoagulable state leading to thromboses, acute lung 
injury, and multiorgan failure. Risk factors for developing 
or worsening trauma-induced coagulopathy include situ-
ational and patient-related factors of older age, use of oral 
anticoagulants, severe tissue injury, penetrating trauma, 
traumatic brain injury, systemic shock and hypoperfusion, 
metabolic acidosis, long prehospital times, hypothermia, 
and dilutional crystalloid resuscitation fluids. Notably, DIC 
is related to but distinct from trauma-induced coagulopa-
thy. DIC reveals systemic, unbridled clotting that is often 
promoted by the expression of tissue factor on several cell 
surfaces, whereas in the early period of trauma-induced 
coagulopathy, tissue factor facilitates clot formation at 
the sites of endothelial injury. However, the late trauma- 
induced prothrombotic and antifibrinolytic phenotype 
of trauma-induced coagulopathy is reminiscent of certain 
phenotypes of DIC.31 Both conditions are clarified by the 
International Society on Thrombosis and Haemostasis and 
have recently been reviewed in detail.30

The pathophysiologic response to tissue injury and 
hemorrhagic shock, along with the impact of resuscita-
tion, generate an imbalanced activation of procoagulant 
and anticoagulant factors, endothelial injury, platelet dys-
function, fibrinolysis, and immune responses.32 Multiple 
mechanisms contribute to trauma-induced coagulopathy, 
including hemorrhagic shock, which causes endogenous 
stimulation of tissue plasminogen activator release from the 
endothelium, activated protein C, and decreased levels of 
plasminogen activator inhibitor-1. In addition, tissue injury 
potentiates trauma-induced coagulopathy through endo-
thelial disruption by activation of tissue factor, platelets, and 
generation of damage-associated molecular patterns. After 
traumatic injury, prothrombotic microparticles are released, 
causing endothelial dysfunction, loss of barrier function, 
increased leukocyte adhesion, coagulopathy with micro- 
and macrothrombi, and multiorgan failure, referred to as 
“endotheliopathy of trauma.”30 This coagulopathy is char-
acterized by loss of endothelial glycocalyx, sustained endo-
thelial exocytosis of von Willebrand factor multimers, and 
platelet dysfunction. Animal models provide evidence that 
endotheliopathy and lung injury are apparent more than 
3 h after injury, but recover by 24 h.33 The coagulopathic 
manifestation of trauma is bleeding requiring transfusional 
factors and procoagulant therapies to restore hemostatic 
function, especially in concordance with damage control 

surgery.34 Fibrinogen, a critical hemostatic protein, is often 
the initial factor to reach critically low levels and requires 
repletion as part of resuscitation.35 Proposed mechanisms 
include coagulation activation–induced consumption, 
degradation by hyperfibrinolysis, and dilution by volume 
replacement.36 Red blood cells are also critical components 
of hemostatic function on primary hemostasis, as the physi-
cal dispersion of platelets in the microcirculation toward the 
subendothelial surface promotes endothelial interaction.37,38 
According to ex vivo and in vitro data, higher hematocrit 
values (greater than 25 to 30%) improve interaction.

Dysregulated fibrinolysis is also a potential concern 
in traumatic injury.30,39 Hyperfibrinolysis is initiated after 
trauma due to excessive tissue plasminogen activator from 
vascular endothelium presumed to be from Weibel–Palade 
bodies. Hyperfibrinolysis is then suppressed by a surge of 
plasminogen activator inhibitor-1 enhanced by resuscita-
tion lasting for approximately 12 h, called fibrinolytic shut-
down, which is pathologic if it continues longer than 24 h. 
A more protracted shutdown is associated with delayed 
mortality from traumatic brain injury and multiorgan fail-
ure compared with the hyperfibrinolysis seen in hemor-
rhagic deaths.

Early or late trauma-induced coagulopathy is not effec-
tively diagnosed with a specific laboratory profile. The tran-
sition from the hypocoagulable to hypercoagulable state 
usually occurs within 2 h. Risk factors include evidence of 
excessive clot strength and continued fibrinolytic shutdown 
assessed by viscoelastic hemostatic assays. The contribu-
tion of ongoing thromboinflammatory pathophysiology is 
poorly understood but likely also impacts outcomes.40

Cardiac Surgery with CPB

CPB generates well-described hemostatic activation 
and acquired coagulopathy that can be complicated by 
life-threatening bleeding. Up to 10% of cardiac surgical 
patients will experience major bleeding, and 20 to 40% will 
receive transfusions, especially if the procedure is a reopera-
tion or complex procedure, or is complicated by numerous 
other patient and procedural-related factors.14,24,41–43

The etiology of CPB coagulopathy is multifacto-
rial and complex,2,42,44 and may result from interrelated 
factors. First, hemodilution from CPB circuit prime 
immediately reduces all factors in the blood, including 
coagulation factors, inhibitors, and activation biomarkers 
by 30 to 40%. Second, whole blood loss from surgical 
bleeding can result in acquired coagulopathy, consump-
tion, and loss of coagulation factors and fibrinogen. Third, 
tissue factor release into the circulation from exposure to 
surgical trauma and air activates consumption of coagula-
tion factors and platelets as well as increased fibrinolysis. 
Fourth, contact activation of the hemostatic system due 
to the nonendothelial circuit components depletes coag-
ulation factors.1 If not otherwise contraindicated, sys-
temic heparin is commonly administered as the standard 

Perioperative Coagulopathy

Copyright © 2023, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.



540	 Anesthesiology 2023; 138:535–60	 Erdoes et al.

REVIEW ARTICLE

Copyright © 2023, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

systemic anticoagulant during CPB to bind and activate 
antithrombin and inhibit thrombin formation. However, 
thrombin is resistant to the effects of heparin when it is 
bound to soluble and circuit-bound fibrin, thus necessi-
tating high-intensity dosing of heparin for circuit antico-
agulation. Fifth, hyperfibrinolysis from CPB stimulation 
of endothelial cell release of tissue plasminogen acti-
vator leads to plasmin generation, fibrinolysis, and clot 
lysis. Conversely, a hypofibrinolytic state can also occur 
postoperatively as plasminogen activator inhibitor-1 vari-
ably increases into the first postoperative day, predispos-
ing some patients to thrombosis instead of hemorrhage.1 
Sixth, reduced platelet count and function arise from 
platelet binding via glycoprotein-IIb/IIIa receptors to 
fibrinogen bound to the CPB circuit. CPB also stimu-
lates platelet activation via protease-activated receptor-1 
and -4. Excess plasmin also can partially inactivate plate-
lets through cleavage of their glycoprotein-Ib receptor. 
Seventh, inflammation may be exacerbated by multiple 
mechanisms. Surgical trauma and the CPB circuit may 
upregulate inflammatory cytokines, which cause coag-
ulation factor activation and dysregulated fibrinolysis. A 
systemic inflammatory response and a procoagulant state 
also result from activation of neutrophils and monocytes, 
increasing tissue factor expression while decreasing pro-
tein C activity. Factor XII and contact activation con-
tribute to bradykinin release and complement activation, 
and propagate the systemic inflammatory response.45 
Pericardial blood also contains activated leukocytes, high 
levels of tissue factor, and cell-derived microparticles 
generated from multiple cell types and can contribute to 
a procoagulant state.1 Residual heparinization from sys-
temic administration during CPB that is not adequately 
reversed with protamine or heparin rebound after admin-
istration can contribute to bleeding. Of note, protamine 
given in higher dosages than necessary to reverse actual 
heparin concentrations impairs coagulation.46 This condi-
tion is the basis for measuring heparin levels when using 
a protamine titration assay such as the Hepcon heparin 
management system (Medtronic, USA). Clinically, titrated 
protamine dosing appears to translate in reduced postop-
erative blood loss and transfusion rates.46 Thus, potential 
aggregate mechanisms contributing to inadequate hemo-
stasis after separation from CPB in a bleeding patient may 
include disturbances in platelet function and thrombin 
generation, factor depletion, hypofibrinogenemia, and 
hyperfibrinolysis.42

Examples of efforts to minimize hemostatic activa-
tion and better preserve normal hemostatic mechanisms 
after CPB have incorporated procedural changes (washed 
cardiotomy blood), circuit modifications (miniaturiza-
tion, heparin-bonding), and antifibrinolytic or anti- 
inflammatory pharmacologic adjuncts, all with varying 
implementation and impact.1,42,47–49 A combined early and 
ongoing approach to reduce hemostatic activation and its 

downstream consequences may result in fewer thromboin-
flammatory-related contributions to patient morbidity and 
mortality after CPB.

Postpartum Hemorrhage

Bleeding at the time of childbirth is a frequent, challeng-
ing, and often devastating clinical emergency. Postpartum 
hemorrhage is defined as blood loss exceeding 500 ml with 
vaginal delivery, or 1,000 ml with cesarian section. Major 
postpartum hemorrhage is classified as moderate (1,000 to 
2,000 ml) and severe (greater than 2,000 ml). Massive post-
partum hemorrhage is defined as bleeding of greater than 
2,500 ml, a hemoglobin drop of more than 4 g/dl, trans-
fusion of five or more erythrocyte units, or the need for 
an invasive procedure or coagulopathy treatment. Massive 
postpartum hemorrhage occurs in approximately 6 of 1,000 
deliveries and contributes to up to 50% of maternal deaths 
worldwide.50,51

The hemostatic changes associated with postpartum 
hemorrhage are somewhat different from those of acute 
trauma or cardiac surgery using CPB.52,53 The type, sever-
ity, timing, and onset of coagulopathy vary depending on 
the etiology of postpartum hemorrhage.54 The coagu-
lopathy of postpartum hemorrhage is multifactorial and 
includes dilutional coagulopathy, localized consumption, 
DIC, and increased fibrinolysis.50 Dilutional coagulopathy 
occurs when postpartum hemorrhage losses are replaced 
with crystalloid and colloid. Localized consumption may 
occur in the placenta and uterus from placental abruption 
or retained/adherent placenta. Classic systemic DIC is not 
typical of postpartum hemorrhage but can be associated 
with amniotic fluid embolus, infection/sepsis, retained 
fetal remnants, and severe cases of placental abruption and 
pre-eclampsia propagated by placental release of tissue fac-
tor. Blood loss may be minimal until DIC consumes the 
coagulation reserve.51–53

Mechanistic underpinnings of coagulopathy in post-
partum hemorrhage are widely variable in etiology and 
severity.51 Uterine atony and surgical/genital tract trau-
ma-induced bleeding are not accompanied by significant 
coagulopathy, even with relatively large blood loss, unless 
a predominantly dilutional late coagulopathy evolves. 
Varying degrees of localized consumption may occur 
with the development of large intrauterine clots. Placental 
abruption may be accompanied by severe and abrupt 
DIC from the significant release of tissue factor from the 
damaged placenta and uterus. Although the fibrinogen 
levels decline, after abruption, major factor deficiencies 
not initially observed may ultimately be severe despite 
minimal initial localized blood loss. Severe and rapid DIC 
associated with amniotic fluid emboli is likely triggered 
by amniotic fluid tissue factor. Thrombosis of pulmonary 
blood vessels and severe systemic inflammatory response 
can provoke catastrophic deterioration. Massive hemor-
rhage with DIC follows within 4 h in 40% of the initial 

REVIEW ARTICLE

Copyright © 2023, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.



	 Anesthesiology 2023; 138:535–60	 541Erdoes et al.

Perioperative Coagulopathy

Copyright © 2023, the American Society of Anesthesiologists. All Rights Reserved. Unauthorized reproduction of this article is prohibited.

survivors.55 Pre-eclampsia is a major cause of maternal 
and fetal morbidity and mortality from DIC, with mac-
roscopic fibrin deposits and multiorgan failure in severe 
cases.56 Vascular endothelial cell damage or activation, 
including placental ischemia, exacerbate the normal 
prothrombotic balance of pregnancy.56,57 Localized con-
sumption can progress to systemic consumption, hypoco-
agulability, and increased risk of postpartum hemorrhage 
(fig. 2).

Mild Inherited and Acquired Coagulation 
Disorders
Detection of Mild Inherited Bleeding Disorders

Massive hemorrhagic diathesis can be caused by disorders 
of primary hemostasis (von Willebrand disease, platelet 
disorders), secondary hemostasis (hemophilia A and B), 
and disturbance of the fibrinolytic system, connective 
tissue, or vascular formation.58,59 These conditions are 
mostly diagnosed before adulthood. However, less severe 
disorders might have gone undiagnosed and contribute 
to unexpected bleeding in major surgery. The first step 
in the diagnostic approach is quantifying bleeding symp-
toms resulting from minor hemostatic challenges, includ-
ing dental extraction, minor surgery or trauma, epistaxis, 
or menorrhagia. The bleeding assessment tool of the 
International Society on Thrombosis and Haemostasis 
can be used for adults and children.60 A severity score is 
calculated, and for patients at increased risk (score 4 or 
greater in men, 6 or greater in women, 2 or greater in 
children), this examination should be followed by a sys-
tematic diagnostic laboratory workup.

In patients with an increased bleeding risk of major sur-
gery, it is important to identify these potential inherited 
bleeding disorders. The activated PTT is often prolonged 
in factor deficiencies such as hemophilia A and B, hemo-
philia C, sometimes in von Willebrand disease (as domains 
of this macromolecule bind and protect factor VIII) in rare 
isolated factor deficiencies and in dys- or hypofibrino-
genemia.61 However, prolongation of the activated PTT is 
also observed in common conditions that are usually not 
associated with increased bleeding, such as deficiencies of 
the contact activation factors (e.g., factor XII) and anticar-
diolipin antibodies due to antiphospholipid syndrome.59 
Preoperative bleeding risk evaluation with the International 
Society on Thrombosis and Haemostasis bleeding assess-
ment tool and laboratory testing with prothrombin time 
and activated PTT do not accurately detect mild bleed-
ing disorders in patients undergoing elective surgery.62 
In a study of 1,502 surgical patients, 5.5% had a positive 
questionnaire and/or abnormal coagulation test results for 
PTT/INR. None of these patients reported major bleed-
ing.62 However, even when combining the questionnaire 
with more extensive laboratory testing including throm-
bin time, euglobulin lysis time to assess fibrinolysis, and 
the Platelet Function Analyzer-100 (USA) in vitro bleeding 
time to assess primary hemostasis, results remained unsatis-
factory.63 In only 8.8% of patients with reported bleeding 
symptoms, hemostatic abnormalities were found, while in 
10.5% of patients without reported bleeding symptoms, test 
results were abnormal. In this regard, the diagnostic workup 
revealed a high specificity but low sensitivity.

Despite limitations, a thorough clinical assessment and 
detailed questionnaire for bleeding symptoms should be 

Fig. 2.  Schematic model of normal hemostasis. CPB, cardiopulmonary bypass; vWF, von Willebrand factor. From Hofmann M et al., Blood 
Coag Fibrinolysis 1998; 9(suppl 1), modified by the University of Minnesota.
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considered with critical scoring patients, and evaluation by 
a hematologist may be helpful. For such patients, algorithms 
for the diagnosis of mild and moderate inherited bleeding 
disorders have been proposed, including the current system 
of the European Hematology Association (The Hague, The 
Netherlands).60 Other algorithms with a substantially dif-
ferent laboratory workup, particular in the first stage, and 
early genotyping have also been suggested.58,64 In case of a 
substantial coagulation system abnormality, guidelines sug-
gest perioperative management should be provided in con-
cert with a hematologist.

Drug-related, Acquired Coagulation Disorders

In the aging multimorbid population, an increasing number 
of patients are on oral antiplatelet agents, anticoagulants, espe-
cially the new direct oral anticoagulants, or combined ther-
apy.65,66 Urgent surgery in patients treated with intravenous 
therapy such as direct thrombin inhibitors (argatroban or 
bivalirudin) or antiplatelet agents also plays a role, particularly 
in patients requiring urgent cardiac surgery. Agent-specific 
timing for discontinuation of the anticoagulant or antiplatelet 
drug is reported in pharmacologic studies and guidelines.67–76 
Nevertheless, individual thrombotic risk of the patients varies 
considerably, so that case-by-case evaluation should be con-
sidered. Particularly in patients with antiplatelet therapy after 
recent placement of coronary artery stents, discontinuation 
of therapy should be discussed interdisciplinary to weigh the 
potential risks of bleeding and (stent) thrombosis against each 
other.68 However, in patients with severe trauma or emergent 
cardiac surgical cases, residual anticoagulant effects may con-
tribute to excessive bleeding. In this situation, specific or non-
specific reversal agents should be considered. In the context 
of cardiac surgery, extracorporeal devices can be implemented 
into the CPB to eliminate certain drugs. However, these strat-
egies have not been validated in large prospective trials, and 
data are limited to in vitro settings, reports of small case series, 
or anecdotal case reports. Such strategies include hemofiltra-
tion for agents like bivalirudin or tirofiban or the hemadsorp-
tion of ticagrelor, rivaroxaban, edoxaban, and argatroban.77–81 
Nevertheless, in severe trauma, with massive coagulopathy and 
residual drug effect, such elimination strategies might be con-
sidered within a damage control strategy after the patient has 
been transferred to the intensive care unit (ICU; table 3).

Standard and Advanced Laboratory Tests
Most national guidelines, including French Society of 
Anaesthesia and Intensive Care (Paris, France), British 
Committee for Standards in Haematology (London, United 
Kingdom), and American Society of Anesthesiologists 
(Schaumburg, Illinois), do not recommend routine preop-
erative coagulation testing due to the outlined limitations 
of standard laboratory tests to detect clinically relevant 
bleeding disorders, but favor the use of a preoperative 
bleeding assessment tools.82–85 It does remain usual practice 
in patients undergoing CPB procedures with high-dose 

heparinization86,87 that monitoring of adequate systemic 
anticoagulation is performed via the activated clotting time 
with target values typically greater than 480 s. However, 
activated clotting time assays like the activated PTT are 
measures of the contact pathway inhibition. Most clinically 
asymptomatic prolongations of the activated PTT are caused 
by low levels of coagulation factors XI, XII, or anticardio-
lipin antibodies.62 In this condition, even an adequately pro-
longed activated clotting time might underestimate the true 
heparin requirement to suppress tissue factor–associated 
hemostatic activation related to CPB. Using a tissue factor– 
based heparin monitoring device is a potential option for 
such patients.88 In the setting of cardiac surgery, heparin 
resistance, the need for high heparin doses (greater than 600 
U/kg) to achieve the target activated clotting time value, is 
a major concern.86,87 Reasons for heparin resistance include 
antithrombin deficiency, hyperfibrinogenemia, and throm-
bocytosis.86,87,89 Preoperative knowledge of risk conditions 
for both increased in vitro sensitivity to heparin and heparin 
resistance may help to adjust the anticoagulation strategy 
or anticoagulation monitoring practice. Therefore, in this 
particular setting, preoperative monitoring of the activated 
PTT, antithrombin and fibrinogen values, and the platelet 
count are important information to obtain before surgery.

A detailed medication and symptomatic bleeding history 
should identify oral anticoagulant or antiplatelet drugs and 
their last intake. Laboratory tests can be used to monitor 
effects or residual effects on coagulation, which, particu-
larly in patients with multiorgan dysfunction, may be pres-
ent despite timely termination of drug intake. For example, 
the INR is the reference assay for warfarin and VKA ther-
apy. Platelet function testing (e.g., impedance aggregome-
try) facilitates monitoring of preoperative antiplatelet drug 
effects.90 Preoperatively, direct oral anticoagulants (DOACs) 
can be monitored with specific calibrated assays or, in 
case of targeting factor Xa, with a global (uncalibrated) 
anti-Xa assay as a qualitative screening tool.71 Recent rec-
ommendations provided a pragmatic approach for DOAC 
monitoring.71

When the unconscious patient requires emergency sur-
gery or when a thorough history or assessment is not pos-
sible, a qualitative screening of the coagulation system for 
inherited and acquired coagulation disorders can be helpful 
(table 4).71,91–93 Even given the limitations of available rou-
tine laboratory coagulation assays, such a protocol may be 
helpful to provide an initial assessment of the coagulation 
to screen for inherited coagulation disorders and/or poten-
tial use of anticoagulants.94–97 Limitations of laboratory tests, 
particularly in severe trauma, should be considered. This 
includes the fact that colloids and fibrinolysis may alter 
prothrombin time, activated PTT, and fibrinogen assays.98

Perioperative Assessment of Hemostasis with 
Viscoelastic Tests
Despite the routine clinical use of standard coagulation tests 
in the perioperative setting, they do not predict bleeding.99 
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The in vitro sensitivity of different activated PTT reagents 
to detect certain clotting factor deficiencies is highly vari-
able and differs depending on the deficient factor(s).100 In 
this regard, limitations are comparable to the prothrombin 
time method with significant variations in the activity of 
the activating tissue factor, which lead to the introduction 
of the INR to overcome this problem.98

Standard coagulation assays, including fibrinogen assays, are 
susceptible to fibrin split products, heparin, lipids, and hemo-
dilution.98,101 A comparative study in cardiac surgical patients 
reported substantial differences among fibrinogen concentra-
tions measured in six laboratories, all using different Clauss 
techniques, considered the reference laboratory method.101

Viscoelastic testing, especially thromboelastography and 
rotational thromboelastometry (ROTEM), provide insight 
into the status of the coagulation factors, fibrinogen action, 
platelet count, and fibrinolysis.102 However, viscoelastic 
tests are insensitive to the effects of oral antiplatelet agents 
on platelet function. These tests are increasingly used to 
rapidly evaluate the status of the coagulation system and 
guide hemostatic therapy102 and are recommended in recent 
guidelines for cardiac surgery and trauma as part of treat-
ment algorithms.103–106 However, in obstetrics and postpar-
tum hemorrhage, data are more sparse, and further research 
is needed.107,108

The main advantage of viscoelastic testing is the rapid 
turnaround time and availability of results,99 which are 
important in rapidly changing scenarios with massive 
transfusion, such as in cardiac surgery and severe trauma. 
Kaolin-activated thromboelastography is a heparin- 
sensitive assay in which kaolin is used to activate the intrin-
sic coagulation cascade. A corresponding fibrinogen assay 
is available in which platelet aggregation is inhibited. The 
rapid thromboelastography is tissue factor–activated, pro-
vides results relatively quickly, and is predominately used in 
patients with severe trauma.109 The commonly used tissue 
factor–activated ROTEM assays are sensitive to concentra-
tions of coagulation factor VII.99 These assays thus reflect 
the effect of exogenous factor VII included in the four- 
factor prothrombin complex concentrates (PCCs) when 
administered for hemostatic resuscitation in cardiac surgery 
and severe trauma.99,110 Thromboelastography and ROTEM 

results also allow early detection of either hyperfibrinoly-
sis or fibrinolytic shutdown, of particular importance in 
hemostasis management in severe trauma.102 Newly devel-
oped viscoelastic test systems still require validation of clin-
ical efficacy in large clinical studies.102 The ClotPro system 
(enicor GmbH, Germany) is similar to the ROTEM tech-
nique, but offers a different portfolio of assays. The Quantra 
hemostasis analyzer (HemoSonics L.L.C., USA) uses the 
technique of sonorheometry.111 The TEG® 6s Hemostasis 
Analyzer System (Haemonetics Corporation, USA) uses 
a resonance method to measure clot viscoelasticity. The 
resulting graphical representation is nearly identical to that 
of thromboelastography. All new systems have recently been 
thoroughly reviewed.112

Several clinical trials have assessed the impact of using 
transfusion algorithms based viscoelastic hemostatic assays 
on bleeding and transfusion in different surgical and non-
surgical populations. A randomized monocentric trial in 
complex cardiac surgery compared transfusion protocols 
based on point-of-care monitoring with viscoelastic hemo-
static assays and platelet function testing using impedance 
aggregometry with a protocol based on standard laboratory 
tests.113 The primary outcome was erythrocyte transfusion 
within 24 h of inclusion. The study was terminated early 
after inclusion of 50 patients in each arm because interim 
analysis showed a significantly higher red cell transfusion 
rate in the standard laboratory arm compared to the visco-
elastic hemostatic assays arm (median [25th to 75th percen-
tile], 5 [4 to 9] vs. 3 [2 to 6]; P < 0.001). The fact that highly 
significant results were obtained in such a complex scenario, 
in which only one actor was changed, after enrollment of 
only 100 patients is impressive. However, nearly 25% of 
patients in the conventional arm and 2% of patients in the 
viscoelastic hemostatic assays arm received recombinant 
activated factor VIIa, despite the fact that approximately 
50% of patients in both groups had received fibrinogen 
concentrate and/or a four-factor PCC. In 2016, Karkouti et 
al. published the results of a pragmatic multicenter stepped-
wedge cluster randomized controlled trial of a point-of-
care–based transfusion algorithm in consecutive patients 
undergoing cardiac surgery with CPB at 12 hospitals.114 
After a 1-month data collection at all participating hospitals, 

Table 4.  Possible Rapid Screening Assays for Acquired and Inherited Coagulation Disorders in the Unconscious Patient

Drug/Condition Assay Limitation/Interaction 

Anti–factor Xa direct oral anticoagulants Uncalibrated anti–factor Xa assay Heparins
Dabigatran Activated partial thromboplastin time  
Oral antiplatelets Verify now

Multiple electrode aggregometry
 

Vitamin K antagonists International normalized ratio  
Exclusion of von Willebrand disease Platelet function analyzer 100/200 P

2Y12 receptor inhibitors/aspirin
Low hematocrit (< 30%)
Low platelet count (< 100–150 g/l)

The table shows diagnostic possibilities for the detection of acquired and inherited coagulation disorders.
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a transfusion algorithm incorporating point-of-care hemo-
static testing was sequentially implemented at two hospitals 
at a time in 1-month intervals, with the implementation 
order randomly assigned. No other aspects of care were 
modified. Among the 7,402 patients studied, 3,555 under-
went surgery during the control phase and 3,847 during 
the intervention phase. The trial intervention reduced rates 
of erythrocyte units, platelet transfusion, and major bleed-
ing, but had no effect on other blood product transfusions 
or major complications. The authors conclude that their 
findings support the broader adoption of point-of-care 
hemostatic testing into clinical practice.

Although viscoelastic hemostatic assays have been stud-
ied in many retrospective studies in trauma patients, the 
number of prospective randomized trials is limited. The 
Implementing Treatment Algorithms for the Correction 
of Trauma-Induced Coagulopathy (ITACTIC) study was 
a multicenter, randomized controlled trial comparing out-
comes in trauma patients who received empiric massive 
hemorrhage protocol augmented by either viscoelastic 
hemostatic assays or conventional coagulation testing.115 
The nearly 400 patients in the intention-to-treat population 
were well-balanced with regard to demographics, injuries, 
and admission characteristics. The authors failed to demon-
strate a benefit of using viscoelastic hemostatic assays. The 
literature on postpartum hemorrhage is also limited to ret-
rospective studies. In a recent systematic review, the authors 
identified only two randomized controlled trials on throm-
boelastography or ROTEM use in obstetrics.107 ROTEM 
may be used to guide transfusion therapy for postpartum 
hemorrhage. Thromboelastography and ROTEM can 
detect the hypercoagulable changes associated with preg-
nancy and can help detect coagulopathy before and after 
labor in patients with pre-eclampsia.116 Variability between 
study protocols and results suggests the need for future large 
prospective high-quality studies with standardized proto-
cols to investigate the utility of thromboelastography or 
ROTEM in assessing risk for thrombosis and hemorrhage 
as well as in guiding prophylaxis and treatment in obstetric 
patients.

Management Options to Treat Microvascular 
Bleeding and Reverse Coagulation Abnormalities
In the last decade, guidelines for perioperative bleeding 
report specific management algorithms and particularly 
emphasize the use of viscoelastic testing and the potential 
of targeted hemostatic resuscitation with coagulation factor 
concentrates.50,67,69,105,117 Strategies involved in the manage-
ment of bleeding include controlled (e.g., cardiac or ortho-
pedic surgery) and uncontrolled (e.g., trauma, postpartum 
hemorrhage) scenarios. While hypothermia is sometimes 
used as a neuroprotective mechanism under controlled 
circumstances, inadvertent hypothermia is associated with 
dysregulation of coagulation enzymes, platelet dysfunction, 
fibrinolysis, endothelial injury, and worse outcomes.118,119 

Recent guidelines recommend early application of measures 
to reduce heat loss to achieve and maintain normothermia 
(Grade 1C) to optimize coagulation.105 Additionally, met-
abolic acidosis and hypocalcemia often present in uncon-
trolled hemorrhage and are each associated with increased 
coagulopathy, transfusion requirements, and mortality.120 
Hypocalcemia has been found in approximately 50% of 
severely injured patients121 and the majority of massive 
transfusion recipients.120

Activation of the fibrinolytic system is an important com-
ponent of excessive bleeding in trauma and surgery that leads 
to activation of the fibrinolytic pathway.122 Antifibrinolytic 
agents have been used extensively to prevent or treat fibrino-
lysis. The antifibrinolytic agents used are the lysine analogs, 
tranexamic acid, and epsilon aminocaproic acid. Landmark 
studies showing the effectiveness of tranexamic acid, as mea-
sured by a reduction of all-cause mortality or death due 
to severe bleeding, are the Clinical Randomization of an 
Antifibrinolyticin Significant Hemorrhage (CRASH) trials 
in severe trauma and brain injury and the World Maternal 
Antifibrinolytic (WOMAN) trial in postpartum hemor-
rhage.123–125 However, the performance and results of the 
large CRASH-2 study have been a subject of intensive con-
troversial debate,126 as the reduction in mortality was subtle 
and transfusion rates in the treatment arm not reduced. It is 
noteworthy that only half of the patients were transfused, 
and only a small number of patients required surgery. In car-
diac surgery, the Aspirin and Tranexamic Acid for Coronary 
Artery Surgery (ATACAS) trial showed a reduction of post-
operative blood loss and the re-exploration rate in patients 
having received tranexamic acid compared to those with-
out.127 However, treatment group patients undergoing 
open-heart surgery showed an increased rate of convulsive 
seizures, which, within the ongoing trial, resulted in a sig-
nificant reduction of the dose from a 100 mg/kg bolus to 
a 50 mg/kg bolus. The mechanism of this dose-dependent 
effect of tranexamic acid, which is restricted to open-heart 
cardiac surgery, is a disinhibition of cerebral γ-aminobutyric 
acid receptors.128 In the most recent Outcome Impact of 
Different Tranexamic Acid Regimens in Cardiac Surgery 
with Cardiopulmonary Bypass (OPTIMAL) trial in cardiac 
surgery, established high-dose and low-dose tranexamic acid 
protocols have been compared.129 High-dose tranexamic 
acid (cumulative dose approximately 100 mg/kg) showed a 
modest increased efficacy, as measured by patients transfused 
with red blood cells, when compared to the low-dose proto-
col (cumulative dose approximately 20 mg/kg) and revealed 
noninferiority in the composite primary safety endpoint 
consisting of 30-day mortality, seizure, kidney dysfunction, 
and thrombotic events.129 However, this study included only 
patients who were not older than 70 yr, and the mean age 
in both groups was only 53 yr. In this regard, the elderly 
patient population, which potentially has a high intraopera-
tive seizure risk, may not have been adequately represented, 
potentially limiting the validity of the results.
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Based on current evidence, guidelines recommend the 
prophylactic administration of antifibrinolytic agents within 
3 h of trauma or bleeding onset to reduce bleeding, trans-
fusion, and mortality. Evidence that antifibrinolytics agents 
increase the risk of thrombotic complications is lacking. In 
trauma, there is a concern regarding fibrinolytic shutdown39 
and the potential role of antifibrinolytic agent administra-
tion more than 3 h after the event. In cardiac surgery, opti-
mal tranexamic acid dosing to balance efficacy and safety 
still needs further investigation.

In the presence of major bleeding and coagulopathy, 
current management strategy relies on the replacement of 
the blood volume lost with allogeneic transfusions and the 
missing coagulation factors. Particularly in severe trauma, 
following current guidelines, initial hemostatic resuscitation 
usually is performed by balanced ratios of red blood cells, 
fresh frozen plasma, (FFP), and platelets.130 However, during 
the last decade, goal-directed therapy based on coagulation 
monitoring has been increasingly used, and includes visco-
elastic testing. This approach has also promoted the use of 
coagulation factors concentrates rather than whole blood 
or plasma. Although the use of factor concentrates remains 
the topic of debate, the rationale comes from the more spe-
cific and efficient replacement of the missing coagulation 
factors with those concentrates when compared to plasma 
or whole blood.131 It is indeed important to remember that 
plasma and whole blood contain only physiologic con-
centrations of coagulation factors, and therefore large vol-
umes (greater than 20 to 30 ml/kg) are needed to obtain 
a significant improvement in plasma levels.132 Severe side 
effects, such as transfusion-related acute lung injury and 
transfusion-associated circulatory overload, are described.133 
However, data for the efficacy and safety of this widely used 
practice and guideline recommended intervention are scant 
and diluted by the large proportion of studies with prophy-
lactic FFP transfusions.134,135

Particularly in trauma, there is an ongoing debate about 
the use of fresh whole blood transfused within 24 h of dona-
tion, a strategy originating mainly in military medicine. A 
recent meta-analysis found no difference in mortality when 
comparing fresh whole blood to component therapy (odds 
ratio, 1.00; 95% CI, 0.65 to 1.55; P = 0.061).136 However, 
when only studies of the highest quality in terms of physi-
ology and injury characteristics were included in the anal-
ysis, the adjusted odds ratio was 0.29 (95% CI, 0.13 to 0.58; 
P < 0.01). Another recent meta-analysis of studies in trauma 
and surgery patients found no difference in harm when 
comparing the two strategies.137 In addition to the off-label 
use of agents such as three-factor PCC, factor eight inhib-
itor bypassing activity (FEIBA), and recombinant activated 
factor VII, several new anticoagulant concentrates are now 
commercially available.

Fibrinogen, a critical hemostatic factor for clot for-
mation in the management of perioperative bleeding in 
cardiac surgical patients, has been extensively studied. 
Fibrinogen is also the first factor to reach a critical level 

in the presence of bleeding.35 Normal fibrinogen con-
centrations are 200 to 400 mg/dl in the nonparturient, 
but can be greater than 400 mg/dl during the third tri-
mester of pregnancy. Older guidelines suggested a trans-
fusion trigger of 100 mg/dl of fibrinogen, while current 
European guidelines recommended levels of greater than 
200 mg/dl. To achieve the target fibrinogen levels, 3 to 
4 g fibrinogen concentrate, or 15 to 20 units cryoprecipi-
tate, are recommended in the bleeding patient (tables 5 to 
7).40,67,105,110,138–144

In a small randomized controlled single-center trial in 
61 patients undergoing major thoracic or thoracoabdomi-
nal aortic surgery, transfusion of fibrinogen concentrate to 
a very high threshold of maximum clot firmness of 22 mm 
in the functional fibrinogen assay of the ROTEM system 
was compared with placebo.113 The primary endpoint was 
the number of units of allogenic transfusions within 24 h 
after administration of study medication. The results were 
impressive: in the fibrinogen arm, the mean transfusion rate 
after administration of a median dose of 8 g fibrinogen was 
2 U versus 13 in the placebo arm (P < 0.001). The protocol 
was reassessed in the large randomized evaluation of fibrin-
ogen versus placebo in the complex cardiovascular surgery 
(REPLACE) trial, which enrolled 519 patients from 34 
centers.145 However, in this study, fibrinogen concentrate 
was associated with an unexpected increase in allogenic 
blood transfusions compared to placebo (median [inter-
quartile range], 5.0 [2 to 11] vs. 3.0 [0 to 7]; P = 0.026).

In another randomized controlled single-center 
trial of 116 high-risk cardiac surgery patients, first-line 
fibrinogen supplementation with the same high fibrin-
ogen threshold was compared to placebo.146 Fibrinogen 
supplementation with a median dose of 4 g resulted in 
a significantly lower primary endpoint of blood product 
transfusion rate (odds ratio, 0.40; 95% CI, 0.19 to 0.84; P 
= 0.015) and postoperative bleeding (median [interquar-
tile range], 300 ml [200 to 400] vs. 355 ml [250 to 600]). 
Of note, only in the treatment arm could patients receive 
7 U/kg of a four-factor PCC when the coagulation time 
in the extrinsically activated assay of ROTEM was less 
than 80 s.

In another single-center randomized controlled trial 
in 120 high-risk cardiac surgery patients, there was no 
significant difference in the primary outcome of intra-
operative blood loss of a median 50 ml (interquartile 
range, 29 to 100 ml) versus 70 ml (interquartile range, 22 
to 145 ml) when fibrinogen concentrations exceeded 
2.5 mg/dl using fibrinogen concentrate compared with 
placebo.147

In a large randomized cardiac surgery clinical trial, 
patients with clinically significant bleeding and hypofibrin-
ogenemia after cardiac surgery were randomized to receive 
either 4 g fibrinogen concentrate or 10 U cryoprecipitate 
within 24 h after CPB.148 The study confirmed fibrinogen 
concentrate was a safe and an effective alternative to cryo-
precipitate for fibrinogen repletion. Although fibrinogen 
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concentrate has been studied in the context of postpar-
tum hemorrhage and trauma,149–152 there is currently a lack 
of robust evidence to provide strong recommendations 
regarding the use of fibrinogen concentrate as first line for 
fibrinogen supplementation in various perioperative bleed-
ing situations, and further investigation is needed.

The three-factor PCCs are purified coagulation factor 
concentrates that include coagulation factors II, IX, and X. 
The approved indication of three-factor PCC is hemophilia 
B. The four-factor PCCs were continuously developed to 
antagonize effects of VKA therapy and include procoagu-
lant factors II, VII, IX, and X and anticoagulant proteins C 
and S in variable concentrations. Some preparations include 
minimal antithrombin and heparin (table  8).110,153,154 The 
use of PCCs for urgent reversal of VKA effects is recom-
mended in current guidelines.3 A meta-analysis showed 
that the four-factor PCCs are more effective when used 
in this indication than the three-factor PCCs.155 With the 
increased use of DOACs, PCCs are now also considered to 

treat the coagulopathy induced by those agents in trauma 
and surgical patients.156 Although PCCs are increasingly 
used off-label to treat acquired coagulopathy in trauma 
and surgical patients, the evidence remains poor.110 In a 
recently published trial,157 adult patients requiring coag-
ulation factor replacement for bleeding during cardiac 
surgery were randomized to receive either PCC or FFP. 
Hemostatic effectiveness was defined as the administra-
tion of any hemostatic therapies from 60 min to 4 and 24 h 
after initiation of the intervention, the amount of alloge-
neic blood components administered within 24 h after the 
start of surgery, and avoidance of erythrocyte within 24 h 
after start of surgery. Hemostatic therapy was not required 
at the 4-hour time point for 80% in the PCC group and 
for 68% in the plasma group, nor at the 24-hour time point 
for 76% in the PCC group and for 66% patients in the 
plasma group (P = 0.28). The median numbers of units for 
24-hour cumulative allogeneic transfusions were 6.0 in the 
PCC group and 14.0 units in the plasma group (P < 0.001). 

Table 7.  Hemostatic Therapy in the Bleeding Patient According to Recent Guidelines/Recommendations

 Trauma Cardiac Surgery Postpartum Hemorrhage 

Prothrombin complex con-
centrate

 12.5–25 U/kg110 Not indicated139

Fresh frozen plasma 15–20 ml/kg40,67,110

erythrocyte/fresh frozen plasma
2:1 ratio (initially)40,105

Erythrocyte/fresh frozen plasma/platelets 1:1:1 (initially)143

15–20 ml/kg40,67,110 15–20 ml/kg40,67,110,139

Without waiting—volume not 
defined144

Fibrinogen concentrate 3–4 g139

25–50 mg/kg67

25–50 mg/kg67 2–4 g139

25–50 mg/kg67

Cryoprecipitate 4–6 ml/kg67

15–20 single donor units139

4–6 ml/kg67 5–10 ml/kg139

4–6 ml/kg67

Platelets 4–8 single units or
1 apheresis unit139

erythrocyte/fresh frozen plasma/platelets 1:1:1 (initially)143

 5–10 ml/kg139

Tranexamic acid 1 g bolus followed by 1 g > 8 h40,105

20–25 ml/kg67

conditionally “in-hospital”143

Prophylactically and/or 1 g in case of 
hyperfibrinolysis40

20–25 mg/kg67

Prophylactically and/or 1 g in case of 
hyperfibrinolysis40,144

20–25 mg/kg67

The table shows dosages of different hemostatic therapies in patients suffering from trauma or postpartum hemorrhage or in patients with bleeding after cardiac surgery.

Table 6.  Trigger Values for Hemostatic Disturbances Based on Conventional Coagulation Test Results in the Bleeding Patient

 Trauma Cardiac Surgery Postpartum Hemorrhage 

Coagulation factor replacement INR > 1.2 and
Clauss fibrinogen > 2.0 g/l138

Prothrombin time/activated PTT > 1.5105

INR > 1.5140 INR/activated PTT > 1.5 × normal139

Fibrinogen administration Clauss fibrinogen < 2.0 g/l138

Clauss fibrinogen < 1.5 g/l40,105

Clauss fibrinogen < 1.5–2.0 g/l67

Clauss fibrinogen < 1.5 g/l140

Clauss fibrinogen < 1.5–2.0 g/l67

Clauss fibrinogen < 2.0 g/l40,139,144

Clauss fibrinogen < 1.5–2.0 g/l67

Platelet transfusion Platelet count < 100 g/l138

Platelet count < 50 g/l67,105

Platelet count < 50 g/l67,139 Platelet count < 100 g/l139

Platelet count < 50 g/l67

The table shows indications for coagulation factor replacement, fibrinogen administration, and platelet transfusion in trauma patients, in patients after cardiac surgery, and in patients 
suffering from postpartum hemorrhage based on standard laboratory test results. 
INR, international normalized ratio; PTT, partial thromboplastin time.
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The authors concluded that further adequately powered 
studies are needed to determine whether PCC is a suitable 
substitute for mitigation of bleeding in cardiac surgery. In 
another study, administration of 15 U/kg of a four-factor 
PCC was compared with FFP in 100 patients with bleeding 
after CPB.158 Transfusion of PCC resulted in fewer eryth-
rocyte transfusions after treatment, whereas overall intra-
operative transfusion rates did not differ between groups. 
However, seven of the patients in the PCC groups versus 
none in the FFP group were not transfused by the end of 
the first postoperative day. A recent meta-analysis of larger 
propensity-matched observational studies evaluated the use 
of PCC, with or without additional use of FFP, in patients 
with severe trauma. Compared to FFP only, the use of PCC 
resulted in improved survival, clinical recovery, and reduced 
transfusions without, however, increasing thromboembolic 
events.159 New recommendations of the American Heart 
Association (Dallas, Texas) and American Stroke Association 
(Dallas, Texas) indicate that four-factor PCC rather than 
FFP should be first-line therapy in anticoagulated patients 
with spontaneous intracerebral hemorrhage.160 This might 
impact therapeutic considerations for patients with trau-
matic brain jury and a similar condition. Further stud-
ies are needed to investigate procoagulant interactions 
between various hemostatic components and the potential 
for thromboembolic complications. The Factors in Initial 
Resuscitation of Severe Trauma 2 (FiiRST-2) trial will 
determine the impact of fibrinogen concentrate and PCC 
used together as an early hemostatic therapy in bleeding 
trauma patients, as compared with the standard massive 
transfusion protocol that infuses one plasma unit for every 
one or two erythrocyte units.161 This trial will provide effi-
cacy data on the number of allogenic blood products trans-
fused, coagulation tests, and clinical and safety endpoints.

Strategies for Uncontrollable Microvascular 
Bleeding
In patients with severe bleeding who do not respond to 
conventional therapy and local hemostatic materials,68 other 
potent clotting factor concentrates such as recombinant acti-
vated factor VII, the factor VIII inhibitor bypassing activity 
complex, which contains clotting factors II, IX, X, and acti-
vated factor VII, or concentrates of clotting factor XIII have 
been reported. Although recombinant factor VIIa is indi-
cated for hemophilia with inhibitors, acquired hemophilia, 
patients with congenital factor VII deficiency, Glanzmann 
thrombocytopenia, and in Europe in postpartum hemor-
rhage,162,163 multiple studies report the off-label use in bleed-
ing unresponsive to other hemostatic therapy.163 Although 
studies report efficacy in cardiac surgery,164 most studies 
reporting its use are retrospective observational reports of 
patients having received multiple transfusions and other 
therapeutic agents for refractory bleeding.163 A prospective 
analysis of 4,468 nonhemophilia subjects (4,119 patients 
and 349 healthy volunteers), arterial thromboembolic events 

of factor VIIa patients versus placebo were 5.5% versus 3.2%, 
but venous thromboembolic events were similar (5.3% vs. 
5.7%).165 Nevertheless, rates of thrombosis were higher in 
patients older than 65 yr (9% vs. 4%) and particularly high in 
those older than 75 yr (11% vs. 4%). A large dataset in car-
diac surgery, trauma, and postpartum hemorrhage is available 
from the New Zealand Hemostasis Registry.166 In this data-
set, reduction or cessation of bleeding was reported in 74% 
of patients, and in approximately 11% of patients, thrombo-
embolic complications were observed.166

The standard approved dose of recombinant activated 
factor VII for hemophiliac patients is 90 µg/kg. However, 
in cardiac surgery, a lower dose of 20 to 40 µg/kg has been 
recommended.140 Results of more recent observational 
studies might indicate that an even lower dosage of approx-
imately 13 µg/kg is effective in reducing bleeding without 
being associated with increased thromboembolic or renal 
complications.167

In a large randomized placebo-controlled multicenter 
study in cardiac surgery, replenishing factor XIII levels with 
recombinant factor XIII given after CPB had no effects 
on transfusion rates and need for reoperation.168 In a larger 
retrospective study in trauma patients, low factor XIII levels 
after hospital admission correlated with an adverse clini-
cal course of patients.169 Replacement of factor XIII levels 
with factor XIII concentrate failed to reduce transfusion 
demands. Further clinical studies are needed to clarify the 
population, dosing interval, and outcomes if using these 
agents for uncontrollable bleeding.

The concept of leaving an abdomen or chest temporar-
ily open is a modification of the concept of damage control 
surgery.170 In patients with intractable bleeding, the large 
wound areas are tamponaded or “packed,” and further hemo-
static resuscitation is performed in the ICU.170 In cardiovascu-
lar surgery with uncontrollable bleeding, this strategy may 
be used after ventricular assist device implantation, type A 
aortic dissection, and surgery for ruptured abdominal aortic 
aneurysm.171–173 Abdominal packing for 24 to 48 h is also an 
option after hysterectomy in case of severe bleeding asso-
ciated with postpartum hemorrhage.174 The potential ben-
efits of such a strategy are the reduction of active bleeding 
via local compression and tamponade, better preservation 
of temperature in the ICU, and avoidance or reduction of 
ongoing massive transfusion or presumably critical dosages 
of powerful coagulation factor concentrates, which involve 
the risk of thromboembolism. This strategy has to be bal-
anced against the risk of infection and necessity of contin-
ued mechanical ventilation.

Diagnostic and Therapeutic Strategies in Severe 
Coagulopathy: Limits of Current Evidence
Despite the demonstrated benefits on transfusion require-
ment, routine use of viscoelastic testing has not been proven 
to improve important clinical outcomes such as morbidity 
and mortality.175 However, the impressive results achieved 
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in a single center in cardiac surgery using a point-of-care 
monitoring-based transfusion algorithm remain controver-
sial.113 The extremely high dose of recombinant activated 
factor VII in this study raises the question of the extent to 
which center-specific effects influenced the study results. 
Although thromboelastography and ROTEM have been 
widely used for years, it remains unclear why the trigger 
values for hemostatic interventions vary between interna-
tional recommendations and in different clinical scenarios 
(table  5). Limited evidence based on the few well-con-
ducted, adequate multicenter trials most likely contributes 
to this observation. This lesson must be kept in mind when 
validating the new viscoelastic hemostatic assay systems that 
have recently been introduced.

It is important to attempt to reconcile laboratory results 
obtained with newer diagnostic techniques that are often 
discordant with established methods. Single data points 
from isolated laboratory tests cannot describe the entirety 
of the hemostatic balance, and we should attempt to har-
monize information from different coagulation monitoring 
platforms to better understand the pathophysiology of the 
individual patient. Similarly, different technologies, such as 
the new and established viscoelastic tests, should ideally be 
correlated to evaluate the impact and results of different 
studies to provide better quality evidence.

The potential limitations of the current evidence with 
potent hemostatic agents become apparent when consider-
ing the results of randomized controlled trials of fibrinogen 
concentrates in cardiac surgery. The impressive results of the 
first monocentric pilot study with a very high threshold in 
aortic surgery could not be confirmed in the subsequent 
large multicenter study. The results of the smaller studies 
at individual centers in patients considered to be at par-
ticular risk of bleeding are contradictory. The use of dif-
ferent fibrinogen thresholds may have contributed to this 
observation. However, looking at the clinical endpoints in 
these studies, such as intraoperative blood loss, which was 
a median of 50 versus 70 ml in one study, and postopera-
tive blood loss, which was a median of 300 versus 350 ml in 
the other study, it is reasonable to assume that the bleeding 
risk of patients was not as high as assumed. In both studies, 
transfusion rates and the number of allogeneic blood trans-
fusions were very low. Furthermore, it remains unclear why 
only in the treatment arm of one of these studies was an 
additional PCC used. Although this criterion was not met 
by any patient in the study group, the potential for dilution 
of the study results is evident. The future of fresh whole 
blood transfusion remains to be seen. In addition to efficacy 
and safety considerations, such a strategy will require fun-
damental changes in blood donation and storage logistics.

Reliable data from well-designed trials are the key to 
increase valid, clinically relevant evidence. However, we 
consider elementary conditions that should be acknowl-
edged in the design and conduct of such studies. A suc-
cessful prospective clinical trial should be designed in a 

multicenter setting to mitigate center-specific effects, with 
appropriate inclusion criteria for patients at substantially 
increased bleeding risk. It should contain a feasible trial 
intervention to assure high compliance, a feasible transfu-
sion algorithm, and harmonization of management strat-
egies to assess meaningful clinical endpoints with timely 
recruitment of sufficient numbers of study patients to meet 
power calculations.13,14,176

However, severe coagulopathy leading to excessive 
microvascular bleeding is a multifactorial condition in 
which numerous elements are involved in establishing and 
maintaining the very complex hemostatic balance. It thus 
is challenging to propose that one single intervention, even 
when performed within the setting of a well-designed ran-
domized controlled multicenter trial, will finally achieve 
the goal of adequate hemostasis to safely reduce bleeding 
and transfusion needs and their associated morbidity and 
mortality risks. In this regard, we consider that results of 
clinical studies available to date need to be implemented in 
complex multimodal diagnostic and therapeutic algorithms, 
comparable to those recently published by the Society of 
Cardiac Anesthesiologists (East Dundee, Illinois), for opti-
mizing coagulation and clinical decision-making.140

Conclusions

Severe disorders of the hemostatic system can lead to 
uncontrollable bleeding. Given the increasing use of anti-
platelets and anticoagulants, perioperative management of 
these acquired coagulation disorders is crucial, requiring 
optimal timing for discontinuation of therapy, monitor-
ing of potential residual drug effects, and targeted reversal 
strategies for bleeding management. In contrast to standard 
anticoagulation testing, modern point-of-care viscoelastic 
systems provide rapid information on whole blood coag-
ulation that includes fibrinogen, platelets, and fibrinolysis. 
Transfusion thresholds based on results of these assays are 
increasingly being incorporated into current guidelines of 
national and international societies. Important elements 
of hemostatic resuscitation are antifibrinolytic therapy, 
replacement of clotting factors and fibrinogen, platelets, 
and RBC transfusions. In trauma, the optimal timing of 
antifibrinolytic therapy, and in cardiac surgery, the opti-
mal tranexamic acid dosage, need to be further defined. In 
addition to therapy with FFP, four-factor PCC and fibrin-
ogen concentrates play an increasingly important role 
when clotting factor and fibrinogen stores are depleted. 
Despite increasing reports of interventions with factor 
concentrates, the results of randomized clinical trials in 
the aforementioned areas of hemostatic resuscitation are 
still pending. The role of fresh donated whole blood in 
hemostatic resuscitation needs further investigation.

Viewing the complexity of coagulopathy and efficacy of 
intervention options, evidence from adequately conducted 
randomized clinical trials need to be implemented into mul-
timodal algorithms for patient blood management. These 
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algorithms need to be validated and further developed in 
appropriate multicenter trials and monitored against large 
registry databases.
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