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Usefulness of standard plasma coagulation tests
in the management of perioperative coagulopathic
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Summary. Standard laboratory coagulation tests (SLTs) such as prothrombin time/
international normalized ratio or partial thromboplastin time are frequently used to assess
coagulopathy and to guide haemostatic interventions. However, this has been challenged
by numerous reports, including the current European guidelines for perioperative bleeding
management, which question the utility and reliability of SLTs in this setting. Furthermore,
the arbitrary definition of coagulopathy (i.e. SLTs are prolonged by more than 1.5-fold) has
been questioned. The present study aims to review the evidence for the usefulness of SLTs
to assess coagulopathy and to guide bleeding management in the perioperative and
massive bleeding setting. Medline was searched for investigations using results of SLTs as a
means to determine coagulopathy or to guide bleeding management, and the outcomes
(i.e. blood loss, transfusion requirements, mortality) were reported. A total of 11 guidelines
for management of massive bleeding or perioperative bleeding and 64 studies investigating
the usefulness of SLTs in this setting were identified and were included for final data
synthesis. Referenced evidence for the usefulness of SLTs was found in only three
prospective trials, investigating a total of 108 patients (whereby microvascular bleeding was
a rare finding). Furthermore, no data from randomized controlled trials support the use of
SLTs. In contrast, numerous investigations have challenged the reliability of SLTs to assess
coagulopathy or guide bleeding management. There is actually no sound evidence from
well-designed studies that confirm the usefulness of SLTs for diagnosis of coagulopathy or
to guide haemostatic therapy.

Editor’s key points

e The authors review the
evidence for the
continued use of standard
laboratory tests of
coagulation.

e They conclude that there
is minimal evidence for
the use of standard
laboratory tests in guiding
the management of
perioperative bleeding.
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Perioperative management of coagulopathic bleeding
requires timely haemostatic intervention using allogeneic blood
products, administration of coagulation factor concentrates,
or both. To guide these interventions, fast laboratory workup
is essential. If it comes to the question which laboratory test
should be performed to assess haemostasis, current guidelines
usually refer to standard plasma coagulation tests (SLTs),
that is, prothrombin time (PT)/international normalized ratio
(INR) and activated partial thromboplastin time, ™7 while
viscoelastic tests (i.e. thrombelastography) are less commonly
advocated.” Although the complete panel of standard co-
agulation testing almost always covers additional measure-
ments of fibrinogen and platelet count, interpretation of SLTs
is most frequently used to assess coagulopathy. Generally

speaking, coagulopathy is presumed when SLTs are prolonged
by more than 1.5-fold, although the evidence to support
this degree of prolongation as diagnostic of coagulopathy is
limited.

However, there are major limitations to these SLTs. These
tests are time-consuming (with turnaround times sometimes
longer than 60 min)® and, as a consequence, they are often
omitted in situations of severe bleeding, where prompt treat-
ment must be ensured. In addition, if the results of PT/aPTT
are more than 1.5 times prolonged, the treatment options
range from transfusion of fresh-frozen plasma (FFP) to admin-
istration of coagulation factor concentrates such as prothrom-
bin complex concentrates (PCC) or activated recombinant
factor VIL. Notably, all these treatment options may be linked
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to serious side-effects, and their administration should be
rigorously justified.

More importantly, we need to question what information
we obtain from a PT or aPTT. In routine clinical practice, PT
and aPTT are commonly used either for bleeding risk assess-
ment before an invasive procedure or, as will be the focus in
this review, for the assessment of the haemostasis profile
with respect to detection of underlying coagulopathy and
guiding subsequent blood component therapy. In fact, PT/
INR and aPTT are plasma-based coagulation tests that were
basically designed to monitor vitamin K antagonists and
heparin, respectively,” and to assess coagulation factor defi-
ciencies. These latterassays were not intended to monitor peri-
operative coagulation disorders, predict bleeding, or to guide
bleeding therapy in the perioperative setting.’°~*

This review aims to assess the evidence for using SLTs in the
perioperative setting or massive bleeding management for
diagnosis of coagulopathy and guidance of bleeding therapy,
and also to assess the evidence for using the widely accepted
trigger of >1.5-fold prolongation of SLTs.

Methods

Ovid Medline (between 1950 and November 2013) was searched
for suitable studies using the following search terms: ‘standard
laboratory tests’ or ‘international normalised ratio’ or ‘in-
ternational normalized ratio’ or INR or prothrombin time or
‘activated partial thromboplastin time’ or aPTT and (guid* or
transfus*). Only English language, non-animal studies were
included. The following terms were excluded from the search:
heparin or warfarin or coumadin or coumarin or acenocoumarol
oranticoagula*. Aninitial screen was carried out, which involved
reading titles only and rejecting papers based on topic: haemo-
philia/lhemophilia, (chronic) liver disease, liver transplantation,
cirrhosis, leukaemia, hepatitis, thalassaemia, lupus, inherited/
congenital, and carcinoma. The second screen involved
reading the abstracts of the papers that made it through the
initial screen. Papers were included if PT, INR, or aPTT were mea-
sured, a threshold for the results of the SLTs was given to deter-
mine coagulopathy or the results were used to guide treatment,
and the outcomes of interest for this review (blood loss, time
to haemostasis, transfusion requirements, mortality) were
reported. This screen removed 278 hits leaving 109 hits to be
included in the final screen, which involved reading the full
papers.Inaddition, Ovid Medline was checked for bleeding man-
agement guidelines from national Societies or Boards. Special
focus was set at the referenced literature that supports the
ongoing recommendations to use SLT and the coupled trigger
levels.

The literature search was conducted by Meridian Health-
Comm Ltd (Plumley, UK) and thereafter independently
screened by two authors (H.S. and T.H.). Disparities in the
literature search were resolved by consensus.

Results

The initial search revealed 1123 records for SLTs and 18 for
bleeding management guidelines. After refining the search
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by applying exclusion criteria and further screening by full
paper reading, a total of 64 studies were included for final
data synthesis. The full process of literature search was dis-
played in Figure 1.

The recommended methods of monitoring/diagnosing
coagulopathy in major haemorrhage using laboratory coagu-
lation tests and the recommended bleeding management
within the 11 identified current bleeding management guide-
lines are summarized in Table 1. The referenced literature for
supporting these recommendations is given in Table 2.

The traditional trigger of using a >1.5-fold prolongation of
aPTT/PT as a transfusion trigger was identified in six out of
the 11 published guidelines for bleeding management. Screen-
ing of referenced literature within these guidelines revealed
that these triggers were not based on high-quality prospective
data but rather on retrospective data analysis (Table 2). Eight
publications in total were referenced within these guidelines
to justify the traditional SLT trigger. Two of them were review
papers without original data;?’ * one reported recommenda-
tions from a national expert panel,”® two provided data from
retrospective observational data analyses of a trauma registry
and medical charts, respectively,”® ** and finally, three pro-
vided data from prospective observational studies.”’ 2* ** In
those three prospective studies, data were reported from a
total of 108 patients (72 who underwent major surgery and
36 trauma patients after admission to the hospital) were inves-
tigated, but of these, only nine patients experienced diffuse
microvascular bleeding and a prolonged PT/aPTT >1.8. Analys-
ing data from patients who underwent major surgery revealed
that in one study, only two patients showed PT/aPTT >1.5-fold
prolonged, while no thresholds for PT/aPTT were given in the
second study.

Discussion

Numerous guidelines and publications encourage the use of
SLTs for diagnosis of coagulopathy during perioperative and
massive bleeding and to base transfusion therapy upon pro-
longed thresholds of these SLTs.'~® > 39 33 3% This concept,
however, has been challenged by more recently published
data questioning the usefulness of SLTs and especially the pro-
posed triggers to initiate transfusion therapy in these set-
tings.!? 18 24 26 35-42 Bgsed on the data of the present review,
there is no high-quality evidence to support that the tradition-
ally applied trigger levels of >1.5-fold prolongation of aPTT/PT
or INR are of great help to diagnose whether a patient suffers
from coagulopathic bleeding or if any bleeding therapy
should be initiated. Notably, all referenced evidence within
the guidelines recommending the use of SLTs were either cross-
referenced between guidelines without providing clear data, or
relate to very sparse, low-quality published literature. The most
frequently referenced evidence of all screened literature is a
prospective study from Ciavarella and colleagues®* who inves-
tigated haemostasis in 36 patients after admittance to the
emergency room in 1986. In that study, diffuse microvascular
bleeding was observed in nine out of 36 patients only, while
four of these nine patients experienced fibrinogen levels
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Records indentified through

database searching:

— SLT (n=1123)

— bleeding management guidelines (n=18)

Records after duplicates removed
(n=1141)

Inclusion/exclusion
criteria applied

Records excluded
(n=697)

Records screened
— SLT (n=429)
— bleeding management guidelines (n=15)

Records excluded
(n=324)

A

Full text articles assessed

for eligibility

— SLT (n=109)

— bleeding management guidelines (n=11)

Full text articles
excluded (n=56)

Articles included in data synthesis
— SLT (n=53)
— bleeding management guidelines (n=11)

Fig 1 Flow diagram of literature search.

<0.5 mg dl™%, whereby valid interpretation of the results of
SLTs seemed to be impossible. However, the authors concluded
that if fibrinogen levels were adequate, PT or PTT ratios pro-
longation >1.8isareliable predictor of FVor FVIII levels <20%.

In fact, it seems as if the rationale for using PT/INR or aPTT
triggers stem mostly from trauma databases that demon-
strated that prolonged SLTs were frequently correlated with
increased mortality. In a large retrospective analysis of more
than 35000 trauma patients admitted to the emergency
room, an INR of >1.3 was linked to a 6.3-fold increased risk
of in-hospital mortality.”® However, it was not addressed if
those prolonged SLTs were associated with increased bleeding
or transfusion requirements. Using the trigger of 1.5-fold pro-
longation of SLTs, data from a retrospective study in adult
trauma patients (n=3646)"> and prospective data in paediatric
trauma patients (n=102)** demonstrated that prolongations
of SLTs were correlated with higher transfusion requirements
and mortality. Similar observations were made in critically ill
patients, whereby prolonged PT was independently associated
with greater intensive care unit mortality.*> However, the
actual reason for the increase in mortality cannot be answered
by an abnormal baseline test.

SLTs are poor predictors of bleeding and PT/aPTT values
>1.5-fold are not highly correlated to clinically relevant

bleeding.>' “® “” The PT and aPTT evaluate quantities of co-
agulation factors and do not evaluate thrombin potential,
which is arguably a better predictor of bleeding risk. A
single coagulation factor deficiency of <30% (0.30 IU ml™?)
will lead to prolongation of the PT or aPTT, but when multiple
factors are diminished, the PT and aPTT become variably and
less predictably prolonged.? “4-°° Massive bleeding can be
characterized as acquired deficiency of more than just one
coagulation factor, and multiple factor deficiency is account-
able for greater prolongation of SLTs than single factor defi-
ciencies.”® °* Another major determinant of measuring SLTs
is fibrinogen level below 80 mg dl™? that may result in pro-
longed SLT results.>? This is of great importance as fibrinogen
deficiency occurs early during treatment of massive blood
loss and thus may have frequent impact on the results of
SLTs.*°

There are various other well-known limitations that should
be emphasized for interpretation of SLTs: all these tests are
performedin plasmawithout platelets or red cells at a standar-
dized temperature, and may not be able to correctly diagnose
complex settings of fibrinogen deficiency, heparin effects, or fi-
brinolysis.>® In addition, using different commercially available
reagents for SLTs, it has been demonstrated that the least sen-
sitive combination of reagents used for PT and aPTT testing
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Table 1 Recommended laboratory coagulation testing in current guidelines

Guideline (year)

Recommended monitoring for coagulopathy

Recommended bleeding management

American Society of Anesthesiologists Task Force
on Perioperative Blood Transfusion and Adjuvant
Therapies (2006)*

Guidelines Blood transfusion and the
anaesthetist: management of massive
haemorrhage. Association of Anaesthetists of
Great Britain and Ireland (2010)*°

Guidelines on the management of massive blood
loss. British Committee for Standards in
Haematology (2006)°

Guidelines for the use of fresh-frozen plasma,
cryoprecipitate and cryosupernatant. British
Committee for Standards in Haematology, Blood
Transfusion Task Force (2004)°

Coagulation management in trauma-related
massive bleeding. Recommendations of the Task
Force for Coagulation of the Austrian Society of
Anesthesiology, Resuscitation and Intensive
Care Medicine (2010)°

Scandinavian guidelines—‘The massively
bleeding patient’ (2008)"”

German Medical Association. Cross-sectional
guidelines for therapy with blood components
and plasma derivates (2009)*

Management of severe perioperative bleeding.
Guidelines from the European Society of
Anaesthesiology (2013)*®

Recommendations for the transfusion
management of patients in the intraoperative
period. Italian Society of Transfusion Medicine
and Immunohaematology (2011)*
Management of bleeding and coagulopathy
following major trauma: an updated European
Guideline (2013)’

Australian Patient Blood Management
Guidelines: Module 1 (2011)*°

Platelet count, PT or INR, aPTT. Other tests may
include fibrinogen level, assessment of platelet
function, thromboelastogram, D-dimers, and
thrombin time

Full blood count, PT and aPTT, Clauss fibrinogen.
ROTEM® or TEG® if available. Fibrinogen level is
more sensitive than the PTand aPTT to a
developing dilutional or consumptive
coagulopathy

Full blood count, PT, aPTT, thrombin time,
Fibrinogen (Clauss method)

Traditional clotting tests (PT, aPTT, thrombin
time), platelet count, and near-patient tests
such as the thromboelastogram

Viscoelastic tests recommended (e.g. ROTEM® or
TEG®), and platelet count (function)

Thromboelastogram (TEG®) superior with regard
to identifying and treating clinically relevant
coagulopathies

PT, aPTT, fibrinogen, platelet count

Thromboelastometry should be preferably used
to identify coagulopathy and guide treatment
during obstetric bleeding, cardiovascular
surgery, emergency radiological/surgical
interventions, orthopaedic surgery and
neurosurgery, visceral and transplant surgery,
and paediatric surgery. Platelet count (and
function). PT/INR/aPTT prolongation can be
misleading in patients with chronic liver disease
Monitoring of platelet count, PT, aPTT, fibrinogen,
antithrombin, D-dimer

Measurement of PT, aPTT, fibrinogen and
platelets. Viscoelastic measurements should be
also performed

Platelet count, PT/INR, aPTT, fibrinogen

Transfusion of FFP for correction of excessive
microvascular bleeding in the presence of:

e PT >1.5times normal

e INR>2.0

e aPTT >2 times normal

PTand aPTT > 1.5 times normal is predictive
of microvascular bleeding. Transfusion of FFP
to prevent microvascular bleeding if senior
clinician anticipates a massive haemorrhage

Administration of FFP to maintain PTand
aPTT <1.5 times control

Whether and how much FFP should be used
for treating a patient with major blood loss
should be guided by timely tests of
coagulation (including near-patient tests);
however, no clear thresholds given because
of paucity of data

Targeted administration of purified
coagulation factors based on ROTEM® or
TEG®; PT (Quick’s value <30%) may be
alternatively used to guide administration
of PPC/FFP

Targeted administration of FFP/coagulation
factor concentrates based on TEG®

FFP transfusion if PT (Quick’s value) <50%

or aPTT >45 s in the presence of diffuse
microvascular bleeding

Recommendation to substitute fibrinogen if
plasma concentrationis <1.5-2.0 g litre Y or
functional fibrinogen deficit in ROTEM/TEG.
Prolonged INR/PTalone is not an indication for
PCC. In VKA-treated patients, INR >1.5 with
life-threatening bleeding should trigger
administration of PCC and Vit K. Otherwise,
coagulation therapy should be based on
ROTEM/TEG

FFP should be transfused for correction

of microvascular bleeding if PT or aPTT,
expressed as a ratio is >1.5

No trigger levels for PT/aPTT/INR given
Values indicative of critical physiological

derangement include: PT/aPTT > 1.5 normal,
INR >1.5

would have suggested coagulopathy in only two out of 16
patients, while the most sensitive set of reagents suggested
therapy in all patients.”*

Besides the methodological limitations, the clinically most
important problem is that all SLTs are unacceptably time-
consuming which may frequently result in omission of SLT
measurements or transfusion without laboratory guidance.® *°
This may explain why there is a widespread inappropriate use
of FFP transfusion,”® or the implementation of transfusion
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guidelines based on viscoelastic testing (e.g. ROTEM®) have
lowered transfusion requirements.>’~>°

Although the time to test results could be sped up by the use
of point-of-care devices for measuring PT/INR, there is a high
variability in reported results and thus they may not be useful
for identification or exclusion of patients with coagulopathy
after trauma.? *°

Notably, transfusion of FFP without clear indications is per-
formed frequently in the medical community>® ¢! and people
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Table 2 Evidence from references within current guidelines (Table 1)

Guideline (year)

References within guideline

American Society of Anesthesiologists Task Force on Perioperative Blood
Transfusion and Adjuvant Therapies (2006)*

Blood transfusion and the anaesthetist: management of massive
haemorrhage. Association of Anaesthetists of Great Britain and Ireland
(2010)*

Guidelines on the management of massive blood loss. British Committee for
Standards in Haematology (2006)°

Guidelines for the use of fresh-frozen plasma, cryoprecipitate and
cryosupernatant. British Committee for Standards in Haematology, Blood
Transfusion Task Force (2004)°

Coagulation management in trauma-related massive bleeding.
Recommendations of the Task Force for Coagulation of the Austrian Society of
Anesthesiology, Resuscitation and Intensive Care Medicine (2010)*®

Scandinavian guidelines—The massively bleeding patient’ (2008)*’

German Medical Association. Cross-sectional guidelines for therapy with blood
components and plasma derivates (2009)*

Management of severe perioperative bleeding. Guidelines from the European
Society of Anaesthesiology (2013)*®

Recommendations for the transfusion management of patients in the
intra-operative period. Italian Society of Transfusion Medicine and
Immunohaematology (2011)*

Management of bleeding and coagulopathy following major trauma: an
updated European Guideline (2013)’

Recommendations based on a consultant survey response and ASA
membership survey response
No referenced evidence for usefulness of standard laboratory coagulation tests

Hess, Transfusion 2009%°

INRor activated PTTratio (aPTTr) increased with increasing injury severity score
of 35322 trauma patients after admission to trauma centre (retrospective
analysis). Anincrease in INR or aPTTr demonstrated stepwise relationship with
in-hospital mortality. No clear threshold given

Ciavarella, Br J Haematol 1987%*

Microvascular bleeding was associated with severe abnormalities of
coagulation factor levels < 20% (PT and aPTT values >1.8 times control).
Prospective study in 36 patients admitted to emergency room, which were
likely to be massively transfused

Ciavarella, Br J Haematol 1987

(See above)

Mannucci, Vox Sang 1982%°

PT >1.2 times normal or aPTT >1.25 times normal were found in 93% of
patients who underwent major surgery (including cardiopulmonary bypass
procedures) and received massive transfusion. Retrospective data analysis of
172 patients

No evidence for usefulness of standard laboratory coagulation tests

No evidence for usefulness of standard laboratory coagulation tests

Hiippala, Anesth Analg 1995%

Fibrinogen deficiency develops earlier than any other haemostatic
abnormality. No trigger levels for PT/aPTT given. Prospective data from 60
patients undergoing major urologic or abdominal surgery

Abdel-Wahab, Transfusion 2006°*

No correlation with mild abnormalities of PT, aPTT, and risk of bleeding.
Correction of mildly prolonged PT/INR by transfusion of FFP fails in 99%. Data
from prospective audit from Massachusetts General Hospital after transfusion
of 1091 units of FFP, 2004-5

Matevosyan, J Neurosurg 2011°°

Prolongation of INR up to 1.7 has haemostatically normal levels of coagulation
factors. Prospective study in 31 neurosurgical patients

de Loyd, Int J Obstet Anesth 2011%°

Fibrinogen level is most sensitive laboratory parameter for detecting
coagulopathy during obstetric bleeding, and PT is an unhelpful test.
Retrospective analysis of 18 501 deliveries over 3 yr in a large UK city-based
maternity unit

American Society of Anesthesiologists Task Force on Perioperative Blood
Transfusion and Adjuvant Therapies (2006)"

(See above)

Calder, Can Med Assoc J 1997%7

Recommendation of an expert panel. No transfusion triggers were given

De Backer, Acta Clin Belg 2008°®

PTand aPTT are not useful for guidance of FFP transfusion in severe bleeding.
Recommendations from a national guideline based on expert opinion
Hellstern, Thromb Res 20022°

FFP transfusion if PT or aPTT is >1.5 times prolonged during acute blood loss
and massive transfusion. Review article. References to Hiippala®® and Murray.**
Hiippala, Vox Sanguinis 1998*°

Probability of coagulopathyincreases when aPTTand PTare >1.5 times normal.
Hypofibrinogenaemia develops first during massive blood loss. Review Paper.
References to Murray** and Ciavarella*

Murray, Anesthesiology 1988>*

Massive transfusion was necessary in seven out of 12 patients during major
surgery; while only two patients showed PT/aPTT >1.5. Prospective
observational study in 12 patients

No evidence for usefulness of standard laboratory coagulation tests
Only data showing the beneficial use of ROTEM/TEG were referenced

Continued
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Table 2 Continued

Guideline (year)

References within guideline

Australian Patient Blood Management Guidelines: Module 1 (2011)*°

Mitra, Injury 200732

Predictors of mortality: INR (OR=1.62; 95% CI: 1.18, 2.24; P<0.01); aPTT:
(OR=1.01; 95% CI: 1.01, 1.02; P<0.01). Retrospective analysis of 119 adult
trauma patients at Australian hospital

seem to trust traditional SLT, but retrospective data analyses
have demonstrated that SLT will be normalized in only 34.5%
of cases after FFP transfusion.®”

It should be noted that due to changes of modern bleeding
management seen particularly in Europe, for example, PCC
may be used increasingly instead of FFP to treat prolonged
SLT results, which could lead to serious side-effects and high
costs if the use was not justified.

It should be clearly stated that SLT are not per se inappropri-
ate, but have been frequently used to try to answer a question
that they were never designed to be able to answer. It seems as
if the medical community continues to believe in the useful-
ness of SLTs to diagnose coagulopathy, as they do for the (not
existing) predictive value of SLTs to predict risk of bleeding
before invasive procedures.®® However, if no other laboratory
test is available, SLTs may be preferable above no testing. Cer-
tainly, SLTs have considerable utility in managing ongoing
bleeding, when several SLT tests have been taken and a trend
in the change of blood tests can guide further therapy. This is
in fact hard to answer and will be eventually based on local
standards of treatment.

Neither PT/INR nor aPTT were designed to accurately portray
the complex interaction of coagulation factors and inhibitors.
SLTs may often incorrectly be thought to provide information
about overall thrombin generation (TG). A common assump-
tionisthat as procoagulant factorsdecline, TGdeclinestoo.Im-
portant inhibitors such as antithrombin or protein C, which are
involved in overall TG, are not adequately represented in SLTs.**
But, PT and aPTT measurements terminate when only 5% of
thrombin is generated.® Therefore, SLTs provide information
only about the very initial process of TG. Studies have revealed
that haemodilution results in a lesser degree of TG than was
expected by the decline of procoagulant factors.®® Dunbar
and Chandler®” observed that dilution of all plasma proteins
to 40% of normal resulted in an increase in tissue factor-
stimulated TG. This finding is related to a simultaneous dilution
of both procoagulant and anticoagulant proteins. Shaz and
colleagues®® investigated 371 trauma patients on ER admis-
sion. Patients were grouped in those with prolonged PT sug-
gestive of trauma-induced coagulopathy (TIC) and those with
normal PT. Despite the fact that FV, FVII, and FXIII were
lower in the TIC group, no difference in markers of TG (pro-
thrombin fragment 1-2 and thrombin-antithrombin com-
plexes) could be observed. Again this observation might be
explained by a simultaneous decrease in both procoagulants
and inhibitors, which is not adequately reflected by SLTs.
However, the question about whether prolonged SLTs are indi-
cative of the requirement for specific haemostatic therapy
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needs to be addressed with adequately powered studies.
Analogous findings have been reported from patients with
liver failure. These patients are able to maintain normal TG as
aresult of asimultaneous decrease in both pro- and anticoagu-
lant factors.®® In another study on patients with liver cirrhosis
and prolonged PT/INR, Gatt and colleagues’® investigated TG
parameters in cirrhotic patients. Despite a prolonged PT/INR,
TG parameters were consistent with a hypercoagulable
profile. The authors stated that the PT/INR test should not be
used to assess bleeding risk and as a guidance for prophylactic
transfusion of clotting factors.

In conclusion, there are significant shortcomings of SLTs in the
perioperative and major bleeding management setting. First,
these tests were neither designed to accurately reflect compro-
mised TG nor to guide coagulation therapy. In addition, the
applied trigger levels of >1.5-fold prolongation of aPTT/PT or
INR >1.5 to initiate bleeding therapy were not supported by
evidence-based data but rather on historically established
habits. In general, SLTs are widely available and frequently
used, but there is no sound evidence from well-designed
studies that confirm that SLTs are useful for diagnosis of coagulo-
pathy or to guide haemostatic therapy. Secondly, the turnaround
times of SLTs are too protracted for emergency scenarios, where
quick decision-making is mandatory. Alternatives, such as visco-
elastic analysers, provide data much more quickly and provide a
more comprehensive overview of the whole coagulation process.
However, more well-designed studies in different clinical settings
are needed to confirm that these tests are preferable over stand-
ard tests. Thus, it seems questionable how long physicians are
willing to continue using (late) results of SLTs as marker of coagu-
lopathy or guidance for bleeding management. But as always,
old and even bad habits die hard.

Authors’ contributions

T.H.: data collection and analysis and writing of the paper; D.F.,
K.A.T., and L.A.: data analysis; N.S.C.: data analysis and writing
of the paper; H.S.: data collection and analysis and writing of
the paper.

Declaration of interest

T.H. has received speaker fee and travel support from CSL
Behring GmbH, Octapharma AG, TEM International, Fresenius
Kabi, and B Braun AG. D.F. has received study funding,
payments, and travel funding for overseas lectures from
Austrian National Bank, AOP Orphan, Pfizer, Astra Zeneca,
Baxter, Braun, Biotest, CSL Behring, Fresenius, Glaxo, Haemo-
scope, Hemogem, Lilly, LFB, Mitsubishi Pharma, NovoNordisk,

20z 11dy z uo 1senb Ad $59v62/.12/2/v ) |L/oRNe/elq/Woo dnoolwepedE//:Sd]Y WOl papeojumMoq



Evidence for coagulation lab tests

BJA

Octapharm, and TemInternational. D.F. acted as a consultant
for Astra Zeneca, Biotest, LFB, and CSL Behring. D.F. is a board
member of the ‘Coagulation Task Force’ in the Austrian
Society for Anesthesiology, Intensive Care and Resuscitation
(BGARI), a member of the task force for ‘Haemotherapy and
Shock’ in the German Interdisciplinary Society for Intensive
Care Medicine (DIVI), member of the ‘task force for severe
bleeding management’ in the European Society of Intensive
Care Medicine (ESA) and also a member of the Society for
Thrombosis and Haemostasis (GTH), and of the European
Society of Intensive Care Medicine (ESICM). K.A.T. served as
consultant for TEM Innovations. H.S. has received research
supportand travel funding and speakers fees from TEM Innova-
tions GmbH, Munich, Germany, and CSL Behring. H.S. is a board
member of the ‘Coagulation Task Force’ in the Austrian Society
for Anaesthesiology, Intensive Care and Resuscitation.

Funding

Meridian HealthComms was supported by funding from CSL
Behring to perform literature searches. The authors received
no funding support for writing of the manuscript and all
writing was performed by the authors.

References

1 Practice guidelines for perioperative blood transfusion and adju-
vant therapies: an updated report by the American Society of
Anesthesiologists Task Force on Perioperative Blood Transfusion
and Adjuvant Therapies. Anesthesiology 2006; 105: 198-208

2 Executive Committee of the German Medical Association on the
Recommendation of the Scientific Advisory Board. Cross-sectional
guidelines for therapy with blood components and plasma deriva-
tives: Chapter 7 Procoagulators. Transfus Med Hemother 2009; 36:
419-36

3 National Blood Authority. Patient Blood Management Guidelines:
Module 1, Critical Bleeding/Massive Transfusion. Canberra: National
Blood Authority, 2011

4 Liumbruno GM, Bennardello F, Lattanzio A, Piccoli P, Rossetti G.
Recommendations for the transfusion management of patients
in the peri-operative period. II. The intra-operative period. Blood
Transfus 2011; 9: 189-217

5 0O’Shaughnessy DF, Atterbury C, Bolton Maggs P, et al. Guidelines for
the use of fresh-frozen plasma, cryoprecipitate and cryosuperna-
tant. Br JHaematol 2004; 126: 11-28

6 Stainsby D, MacLennan S, Thomas D, Isaac J, Hamilton PJ. Guide-
lines on the management of massive blood loss. Br J Haematol
2006; 135: 634-41

7 Spahn DR, Bouillon B, Cerny V, et al. Management of bleeding and
coagulopathy following major trauma: an updated European
guideline. Crit Care 2013;17: R76

8 Davenport R, Manson J, De’Ath H, et al. Functional definition and
characterization of acute traumatic coagulopathy. Crit Care Med
2011; 39:2652-8

9 Kamal AH, Tefferi A, Pruthi RK. How to interpret and pursue an ab-
normal prothrombin time, activated partial thromboplastin time,
and bleeding time in adults. Mayo Clin Proc 2007; 82: 864-73

10 McCully SP, Fabricant LJ, Kunio NR, et al. The International Normal-
ized Ratio overestimates coagulopathy in stable trauma and surgi-
cal patients. J Trauma Acute Care Surg 2013; 75: 947-53

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Haas T, Spielmann N, Mauch J, et al. Comparison of thromboelasto-
metry (ROTEM®) with standard plasmatic coagulation testing in
paediatric surgery. Br J Anaesth 2012; 108: 36-41

West KL, Adamson C, Hoffman M. Prophylactic correction of the
international normalized ratio in neurosurgery: a brief review of a
brief literature. J Neurosurg 2011; 114:9-18

Tanaka KA, Bader SO, Sturgil EL. Diagnosis of perioperative
coagulopathy—plasma versus whole blood testing. J Cardiothorac
Vasc Anesth 2013; 27: S9-15

SchochlH, Voelckel W, Grassetto A, Schlimp CJ. Practical application
of point-of-care coagulation testing to guide treatment decisionsin
trauma. J Trauma Acute Care Surg 2013; 74: 1587-98

Thomas D, Wee M, Clyburn P, et al. Blood transfusion and the anaes-
thetist: management of massive haemorrhage. Anaesthesia 2010;
65:1153-61

Fries D, Innerhofer P, Perger P, et al. Coagulation management in
trauma-related massive bleeding. Recommendations of the Task
Force for Coagulation (AGPG) of the Austrian Society of Anesthesi-
ology, Resuscitation and Intensive Care Medicine (OGARI). Ana-
sthesiol Intensivmed Notfallmed Schmerzther 2010; 45: 552-61
Gaarder C,Naess PA, Frischknecht ChristensenE, et al. Scandinavian
Guidelines—‘The massively bleeding patient’. Scand J Surg 2008;
97:15-36

Kozek-Langenecker SA, Afshari A, Albaladejo P, et al. Manage-
ment of severe perioperative bleeding: guidelines from the Euro-
pean Society of Anaesthesiology. Eur J Anaesthesiol 2013; 30:
270-382

National Blood Authority. Patient Blood Management Guidelines:
Module 1, Critical Bleeding/Massive Transfusion. Canberra: National
Blood Authority, 2010

Hess JR, Lindell AL, Stansbury LG, Dutton RP, Scalea TM. The preva-
lence of abnormal results of conventional coagulation tests on ad-
mission to a trauma center. Transfusion 2009; 49: 34-9

Ciavarella D, Reed RL, Counts RB, et al. Clotting factor levels and the
risk of diffuse microvascular bleeding in the massively transfused
patient. Br J Haematol 1987; 67: 365-8

Mannucci PM, Federici AB, Sirchia G. Hemostasis testing during massive
blood replacement. A study of 172 cases. Vox Sang 1982; 42: 113-23
Hiippala ST, Myllyla GJ, Vahtera EM. Hemostatic factors and replace-
ment of major blood loss with plasma-poor red cell concentrates.
Anesth Analg 1995; 81:360-5

Abdel-Wahab OI, Healy B, Dzik WH. Effect of fresh-frozen plasma
transfusion on prothrombin time and bleeding in patients with
mild coagulation abnormalities. Transfusion 2006; 46: 1279-85
Matevosyan K, Madden C, Barnett SL, Beshay JE, Rutherford C,
Sarode R. Coagulation factor levels in neurosurgical patients with
mild prolongation of prothrombin time: effect on plasma transfu-
sion therapy. J Neurosurg 2011; 114: 3-7

de Lloyd L, Bovington R, Kaye A, et al. Standard haemostatic tests
following major obstetric haemorrhage. Int J Obstet Anesth 2011;
20:135-41

Calder L, Hebert PC, Carter AO, Graham ID. Review of published
recommendations and guidelines for the transfusion of allogen-
eic red blood cells and plasma. Can Med Assoc J 1997; 156:
S1-8

De Backer D, Vandekerckhove B, Stanworth S, et al. Guidelines for
the use of fresh frozen plasma. Acta Clin Belg 2008; 63: 381-90
Hellstern P, Muntean W, Schramm W, Seifried E, Solheim BG. Prac-
tical guidelines for the clinical use of plasma. Thromb Res 2002;
107(Suppl. 1): S53-7

Hiippala S. Replacement of massive blood loss. Vox Sang 1998;
74(Suppl. 2): 399-407

223

¥20z Iudy $Z uo 1senb Aq v59162/.12/2/v L L/eIone/elq/woo dnorojwsepeoe//:sdiy wolj peapeojumoq



Haas et al.

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Murray DJ, Olson J, Strauss R, Tinker JH. Coagulation changes during
packed red cell replacement of major blood loss. Anesthesiology
1988; 69: 839-45

Mitra B, Mori A, Cameron PA, Fitzgerald M, Street A, Bailey M. Massive
blood transfusion and trauma resuscitation. Injury 2007; 38: 1023-9
Erber WN, Perry DJ. Plasma and plasma products in the treatment
of massive haemorrhage. Best Pract Res Clin Haematol 2006; 19:
97-112

Toulon P, Ozier Y, Ankri A, Fleron MH, Leroux G, Samama CM.
Point-of-care versus central laboratory coagulation testing during
haemorrhagic surgery. A multicenter study. Thromb Haemost
2009; 101: 394-401

Johansson PI, Stissing T, Bochsen L, Ostrowski SR. Thrombelasto-
graphy and tromboelastometry in assessing coagulopathy in
trauma. Scand J Trauma Resusc Emerg Med 2009; 17: 45

Levy JH, Dutton RP, Hemphill JC 3rd, et al. Multidisciplinary approach
to the challenge of hemostasis. Anesth Analg 2010; 110: 354-64
Schochl H, Maegele M, Solomon C, Gorlinger K, Voelckel W. Early and
individualized goal-directed therapy for trauma-induced coagulo-
pathy. Scand J Trauma Resusc Emerg Med 2012; 20: 15

Fries D, Innerhofer P, Schobersberger W. Time for changing coagu-
lation management in trauma-related massive bleeding. Curr Opin
Anaesthesiol 2009; 22: 267 -74

GorlingerK, Fries D, Dirkmann D, Weber CF, Hanke AA, Schochl H. Re-
duction of fresh frozen plasma requirements by perioperative
point-of-care coagulation management with early calculated
goal-directed therapy. Transfus Med Hemother 2012; 39: 104-13
Bolliger D, Gorlinger K, Tanaka KA. Pathophysiology and treatment
of coagulopathy in massive hemorrhage and hemodilution. Anes-
thesiology 2010; 113: 1205-19

Ganter MT, Hofer CK. Coagulation monitoring: current techniques
and clinical use of viscoelastic point-of-care coagulation devices.
Anesth Analg 2008; 106: 1366-75

Plotkin AJ, Wade CE, Jenkins DH, et al. A reduction in clot formation
rate and strength assessed by thrombelastography is indicative of
transfusion requirements in patients with penetrating injuries.
J Trauma 2008; 64: S64-8

Frith D, Goslings JC, Gaarder C, et al. Definition and drivers of acute
traumatic coagulopathy:clinical and experimentalinvestigations. J
Thromb Haemost 2010; 8: 1919-25

Hendrickson JE, Shaz BH, Pereira G, et al. Coagulopathy is prevalent
and associated with adverse outcomes in transfused pediatric
trauma patients. J Pediatr 2012; 160: 204-9.e3

Walsh TS, Stanworth SJ, Prescott RJ, et al. Prevalence, manage-
ment, and outcomes of critically ill patients with prothrombin
time prolongation in United Kingdom intensive care units. Crit
Care Med 2010; 38: 1939-46

McLoughlin TM, Fontana JL, Alving B, Mongan PD, Bunger R. Pro-
found normovolemic hemodilution: hemostatic effects in patients
and in a porcine model. Anesth Analg 1996; 83: 459-65

AlDieriR, PeyvandiF, SantagostinoE, et al. The thrombogramin rare
inherited coagulation disorders: its relation to clinical bleeding.
Thromb Haemost 2002; 88: 576-82

Yuan S, Ferrell C, Chandler WL. Comparing the prothrombin time INR
versus the APTT to evaluate the coagulopathy of acute trauma.
Thromb Res 2007; 120: 29-37

Rizoli SB, Scarpelini S, Callum J, et al. Clotting factor deficiency in early
trauma-associated coagulopathy. J Trauma 2011; 71: S427-34
Erber WN. Massive blood transfusionin the elective surgical setting.
Transfus Apher Sci 2002; 27: 83-92

224

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Burns ER, Goldberg SN, Wenz B. Paradoxic effect of multiple mild co-
agulation factor deficiencies on the prothrombin time and acti-
vated partial thromboplastin time.AmJ Clin Pathol 1993;100: 94 -8
DeLoughery TG. Coagulation defects in trauma patients: etiology,
recognition, and therapy. Crit Care Clin 2004; 20: 13-24
Kozek-Langenecker SA. Perioperative coagulation monitoring. Best
Pract Res Clin Anaesthesiol 2010; 24: 27 -40

Murray D, Pennell B, Olson J. Variability of prothrombin time and
activated partial thromboplastin time in the diagnosis of increased
surgical bleeding. Transfusion 1999; 39: 56-62

Jeger V, Urwyler N, Zimmermann H, Exadaktylos AK. Trauma-
induced coagulopathy in severely injured patients: knowledge
lost in translation? Emerg Med J 2010; 27: 551-2

Holland LL, Brooks JP. Toward rational fresh frozen plasma transfu-
sion: the effect of plasma transfusion on coagulation test results.
Am J Clin Pathol 2006; 126: 133-9

Weber CF, Gorlinger K, Meininger D, et al. Point-of-care testing: a
prospective, randomized clinical trial of efficacy in coagulopathic
cardiac surgery patients. Anesthesiology 2012;117: 531-47
Schaden E, Kimberger O, Kraincuk P, Baron DM, Metnitz PG,
Kozek-Langenecker S. Perioperative treatment algorithm for bleed-
ing burn patients reduces allogeneic blood product requirements.
BrJ Anaesth 2012; 109: 376-81

Schochl H, Nienaber U, Maegele M, et al. Transfusion in trauma:
thromboelastometry-guided coagulation factor concentrate-
based therapy versus standard fresh frozen plasma-based
therapy. Crit Care 2011; 15: R83

Mitra B, O'Reilly G, Collecutt M, Cameron PA, Phillips L, Davis A. Pro-
spective comparison of point-of-care international normalised
ratio measurement versus plasma international normalised ratio
for acute traumatic coagulopathy. Emerg Med Australas 2012; 24:
363-8

Chowdhury P, Saayman AG, Paulus U, Findlay GP, Collins PW.
Efficacy of standard dose and 30 ml/kg fresh frozen plasma in
correcting laboratory parameters of haemostasis in critically ill
patients. Br J Haematol 2004; 125: 69-73

Pybus S, MacCormac A, Houghton A, Martlew V, Thachil J. Inappro-
priateness of fresh frozen plasma for abnormal coagulation tests.
J R Coll Physicians Edinb 2012; 42: 294-300

Dzik WH. Predicting hemorrhage using preoperative coagulation
screening assays. Curr Hematol Rep 2004; 3: 324-30

Castoldi E, Rosing J. Thrombin generation tests. Thromb Res 2011;
127(Suppl. 3): S21-5

Mann KG, Brummel K, Butenas S. What is all that thrombin for?
JThrom Haemost 2003; 1: 1504-14

Bolliger D, Szlam F, Levy JH, Molinaro RJ, Tanaka KA. Haemodilution-
induced profibrinolytic state is mitigated by fresh-frozen plasma:
implications forearly haemostaticinterventionin massive haemor-
rhage. Br J Anaesth 2010; 104: 318-25

Dunbar NM, Chandler WL. Thrombin generation in trauma patients.
Transfusion 2009; 49: 2652-60

Shaz BH, Winkler AM, James AB, Hillyer CD, MacLeod JB. Pathophysi-
ology of early trauma-induced coagulopathy: emerging evidence
for hemodilution and coagulation factor depletion. J Trauma
2011;70:1401-7

Tripodi A, Mannucci PM. The coagulopathy of chronic liver disease. N
EnglJ Med 2011; 365: 147-56

Gatt A, Riddell A, Calvaruso V, Tuddenham EG, Makris M, Burroughs AK.
Enhanced thrombin generation in patients with cirrhosis-induced
coagulopathy. J Thromb Haemost 2010; 8: 1994-2000

Handling editor: J. G. Hardman

20z 11dy z uo 1senb Ad $59v62/.12/2/v ) |L/oRNe/elq/Woo dnoolwepedE//:Sd]Y WOl papeojumMoq




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


