Received: 17 December 2019

|

Revised: 8 February 2020

|

Accepted: 26 February 2020

DOI: 10.1002/rth2.12339

I L L U S T R AT E D R E V I E W

An illustrated review of bleeding assessment tools and
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Abstract
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Recognizing the complexity of coagulation tests and currently used anticoagulants,
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we developed this illustrated review on bleeding assessment tools and common coagulation screening tests. Quantitative bleeding assessment tools (BATs) are available
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to standardize the bleeding history and improve the pretest probability prior to co-
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tions of the prothrombin time (PT)/International Normalized Ratio, activated partial
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agulation testing. We describe use of BATs and the principles, indications, and limitathromboplastin time (APTT), and 50:50 mix. Use of these tests to identify coagulation factor deficiencies, specific and nonspecific inhibitors, coagulopathy of liver
disease, disseminated intravascular coagulation, and commonly used anticoagulant
medications are reviewed. Current literature suggests that unnecessary coagulation
testing is rampant. The PT and APTT have astoundingly low sensitivity (1.0%-2.1%)
for detection of clinically significant bleeding disorders. Thus, current guidelines recommend against the use of screening PT and APTT in preoperative patients undergoing noncardiac/vascular surgery.
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Essentials
• Quantitative bleeding assessment tools standardize the bleeding history and improve the pretest probability of bleeding disorders prior to
coagulation testing.
• Unnecessary coagulation testing is rampant.
• Thorough understanding of common hemostatic tests is essential for appropriate selection and interpretation of tests.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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Bleeding Assessment Tools (BAT)
The pa ent history is the most important tool in determining the pre-test probability of a bleeding disorder.
Quan ta ve bleeding assessment tools (BATs) have thus been developed to standardize the bleeding history and guide
appropriate tes ng to inves gate bleeding disorders. Bleeding scores are based on symptom frequency and severity (i.e.
need for surgical or medical a en on).
The Vicenza BAT was validated in 2005
based on the ISTH provisional criteria for
the diagnosis of Type 1 von Willebrand
Disease (VWD).[13]

In 2010, the Interna onal Society of
Thrombosis and Haemostasis (ISTH)
BAT was developed.[7,14]

This BAT priori zes bleeding symptoms
that lead to medical a en on and
treatment of bleeding symptoms.

Normal score according to the ISTH BAT

BATs require expert administra on
(e.g. nurse or physician)
Therefore, the ISTH-BAT was
converted to a pa ent self
administered BAT (Self-BAT).[6]
Normal score according to the Self-BAT

Normal score according to the Vicenza BAT

2010

2005

2006

Condensed MCMDM-1 VWD BAT
score

The European Molecular and Clinical Markers
for the Diagnosis and Management of Type 1
VWD (MCMDM-1 VWD BAT)[2,17] was
developed ini ally in 2006, and shortened in
2008 to allow for a short administra on me.
The Pediatric Bleeding Ques onnaire
(PBQ)[3] was then developed, adding
pediatric-specific bleeding symptoms to the
MCMDM1-VWD.

Normal score according to the
MCMDM-1 VWD and PBQ

Bleeding score is higher with
increasing VWD severity[2]

Vicenza
BAT[13]

Condensed
MCMDM-1
VWD[2,17]

PBQ[3]

ISTH BAT[7,14]

Self BAT[6]

Sensi vity of a normal score to rule
out the diagnosis of VWD
(true posi ves/all posi ve tests)

69%

100%

83%

64%

78%

Specificity of an abnormal score to
rule in the diagnosis of VWD(true
nega ves/all nega ve tests)

98%

87%

79%

99%

23%
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How to use the BAT
There are many validated BATs. The following are some key dis nc ve features:
- The MCMDM-1 VWD and PBQ assign nega ve points for hemosta c challenges without bleeding complica ons (i.e.
surgeries, deliveries, dental extrac ons).
- The ISTH BAT and PBQ evaluate pediatric bleeding symptoms in the “other bleeding” category (i.e. cephalohematoma,
umbilical stump bleeding, cheek hematoma and conjunc val hemorrhage)
- The ISTH BAT assesses menorrhagia more comprehensively and is the only BAT that evaluates hematuria.

Bleeding symptom categories in the ISTH BAT
Spontaneous bleeding
Epistaxis

Intracranial bleeding
Bruising

Oral cavity bleeding

Bleeding from minor wounds

Gastrointestinal
bleeding

Muscle hematomas

Menorrhag ia
Hemarthrosis
Hematuria

Bleeding after hemostatic challenges:
Tooth extraction

Post partum hemorrhage

Surgery

In a study using the Condensed MCMDM-1, ISTH BAT and PBQ to evaluate bleeding symptoms in 927 pa ents with
excessive bleeding, the inves gators found that history of hemarthrosis, post surgical bleeding and menorrhagia increased
the likelihood of laboratory confirmed VWD. In addi on, the number of bleeding symptoms increased the odds ra o for a
VWD diagnosis.[16]
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Vitamin K antagonists
prevent the carboxylaon of FII,
FVII, FIX, FX.

Early contact pathway factors
FXII

FXI
FIX

Unfraconated
heparin
potenates
anthrombin
(AT) to inacvate
FIIa, FXa, FIXa,
FXIa, FXIIa.

Extrinsic tenase
FVIIa-TF

FXa inhibitors

FXIIa

Direct
- Rivaroxaban
- Apixaban
- Edoxaban

Ca2+ + PL

FXIa

Intrinsic tenase
FVIIIa-FIXa

Indirect
-Fondaparinux

FIXa

FX

FXa

AT

Prothrombinase
complex
Ca2+ + PL
FVa-FXa

Prothrombin

Fibrinogen

Thrombin

AT

LMWH
potenates
anthrombin (AT)
to inacvate FIIa
and FXa

Fibrin clot
Direct Thrombin
Inhibitors

- Dabigatran
- Argatroban
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Prothrombin me (PT)
Quick’s Time

Collect sodium citrate
tube

Centrifuge to obtain
platelet poor plasma
(PPP) and warm at
37⁰C

Combine with
thromboplasn
(contains
phospholipids) and
calcium chloride

The PT can assess for deficiencies or inhibitors of the extrinsic pathway factors
(FVII) and common pathway factors (FX, FV, FII, fibrinogen)
30
25
20

PT (sec) 15
The relaonship between the PT and a factor
deficiency is not linear and increases
exponenally at lower factor
concentraons[18].

10
5

Once fibrin strands
are detected, the
mer stops and the
PT is reported in
seconds.

0

1.37

1.27

0.75

0.51

0.33
FVII (U/mL)

0.32

0.19

0.16

0.14
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Activated Partial Thromboplastin Time (aPTT)

Collect sodium citrate
tube

Centrifuge to obtain
platelet poor plasma
(PPP) and warm at 37⁰C

Combine contact activator
(ellagic acid, silica, kaolin or
glass beads), phopholipids
and calcium chloride

The aPTT can assess for deficiencies or inhibitors of the intrinsic pathway factors
(early contact factors , FXII, FXI, FIX, FVIII) and common pathway factors (FX, FV,
FII, brinog en)
100
90
80
70
60

aPTT(sec)

50
40

30

Once brin strands are
detected, the timer stops
and the aPTT is reported
in seconds.

The relationship between the aPTT and a factor
de ciency is not linear and prolong s
exponentially at lower factor
concentrations.[18]

20
10
0
1.31

1.19

0.38

0.36

0.26

0.22

FVIII (U/mL )

0.18

0.10

0.01

0.01
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Differential Diagnosis for a Prolonged PT and aPTT
If the PT and the aPTT are both prolonged, there could be mul ple factors affected in the intrinsic and extrinsic
pathways or a single factor deficiency in the common pathway : FX, FV, FII or severe fibrinogen deficiency.
Causes include :

Changes in hemostasis in DIC and liver disease

1. Pre-analytical cause
(e.g. heparin contamina on, under
filling of tube)
2. Drugs :
Direct or indirect inhibitory drugs
(e.g. direct thrombin inhibitors,
heparin)
Supratherapeu c warfarin effect
(FII, FVII, FIX, FX <30%)
3. Inhibitors
Non specific inhibitor
(e.g. an phospholipid an bodies)
Specific inhibitors to the common
pathway factors (rare)
4. Decreased factor synthesis :
- Congenital deficiency
- Reduced liver synthesis
(impaired produc on FII, FV, FVII,
FIX, FX, FXI, FXII, FXIII,
dysfibrinogenemia)
- Severe vitamin K deficiency (↓FII,
FVII, FIX, FX)

5. Factor consumption or binding
- Massive hemorrhage
- Disseminated intravascular
coagula on (DIC)
- Factor X deficiency associated with
systemic amyloidosis

Proh emostatic c hang es

Primary
hemostasis

Liver disease

DIC

↑VWF

↑VWF

↓ADAMTS13

↓ADAMTS13
Antihemostatic change s

↑ Factor VIII

Secon dary
hemostasis

↓Protein C, protein S,
an thrombin, heparin
cofactor II

↓Protein C, protein S,
an thrombin

Liver disease

DIC

Primary
hemostasis

Thrombocytopenia
Abnormal platelet
func on
↑Nitric oxide and
prostacyclin

Thrombocytopenia

Secon dary
hemostasis

↓ Factors II, V, VII, IX,
X, XI, XII
↓Vitamin K
Dysfibrinogenemia

↓ Factors II, V,
VII,VIII, IX, X, XI, XII
↓Fibrinogen

Fibrinolysis

↓α2-an plas min,
factor XIII, TAFI
↑t-PA

↓α2-an plas min,
factor XIII, TAFI
↑t-PA

↑PAI-1
Fibrinolysis

↓Plasmin ogen
↓TFPI

FVIII may be high in early
DIC

ADAMTS13: A Disintegrin and Metalloproteinase with a ThromboSpondin type 1 mo f, member 13; PAI-1: Plasminogen Ac vator Inhibitor type 1; t-PA: Tissue Plasminogen
Ac vator; TAFI : Thrombin Ac vatable Fibrinolysis Inhibitor; TFPI: Tissue Factor Pathway Inhibitor; VWF: Von Willebrand Factor.

The ISTH DIC
scoring
system was
developed in
2001 and uses
widely
available
coagula on
assays[1]

Points

0

1

2

Platelet count (109/L)

> 100

50-100

< 50

Level of brin markers
(e.g. D-dimer)

No increase

Prolonged prothrombin time
(seconds)

<3

≥ 3 and < 6

Fibrinogen (g/L)

> 1.0

≤ 1.0

Increased but < 5x
upper limit of normal

≥6

3

Strong increase, ≥ 5x
upper limit of normal

A score ≥ 5 is has a
sensi vity of 93%
and specificity of
98% for the
diagnosis of DIC.

The severity of this
score is a strong
predictor for
mortality in sepsis.
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Workup of a Prolonged PT or aPTT
Invesgaons
To dis nguish between a single
factor deficiency and inhibitor, an
immediate 50:50 mix is performed
when the prolonga on is greater
than 4 seconds from the upper
limit of normal .

Pa ent
plasma

Control
plasma

This test is performed by combining one part pa ent’s
plasma with one part normal plasma.

Interpretaon

An aPTT or a PT is then
performed on the 50:50 mix

Specific inhibitor

The mixture “corrects” if the aPTT
is within 3-4 seconds of normal
and the PT is within 2 seconds of
normal.

Does not
correct

Non-specific
inhibitor

The 50:50 mix may not
completely correct in
the case of mul ple
factor deficiencies

Mulple factor
deficiencies

50:50 mix

Suggests single
factor deficiency

Corrects

37°C

Autoimmune FVIII inhibitors cause
acquired hemophilia A. Alloimune FVIII
inhibitors occur in paents with
congenal hemopiliha A and render the
replaced FVIII less or not effecve .
These are the most common specific
factor inhibitors.

Specific factor levels are
more informave than the
50:50 mix.

Control
plasma

Paent
plasma

2 hours
Acquired hemophilia: the
autoanbodies are temperature and
me sensive.

Specific factor levels are performed by
combining one part pa ent’s sample with
commercial factor deficient plasma.
Factor deficient plasma: Commercial plasma
completely deficient in a factor relevant to the
PT (e.g. FVII, X) or aPTT (e.g. FVIII, IX, XI, XII).

The Bethesda assay is used to The inhibitor concentraon
quantate specific factor
is derived from a graph
inhibitors.
depicng factor VIII (Y axis)
One Bethesda unit is defined as
acvity versus inhibitor
that amount of inhibitor that
units (x axis).
results in 50% residual FVIII:C
When defining a paent’s
acvity aer incubaon at 37°
inhibitor ter, derive the
Celsius for two hours.
inhibitor ter from the
No incubaon is needed for factor
graph and mulply by the
inhibitors that are not me
diluon to obtain the final
sensive (i.e. FIX)
ter.

When the mix is incubated at 37° Celsius for
two hours, the 50:50 aPTT remains
prolonged (i.e. does not correct)

Pa ent
plasma

An aPTT or PT is performed on the
mix and factor levels are derived
from a calibra on curve

Types of inhibitors
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Do not order baseline coagulation tests for asymptomatic patients having
low-risk non-cardiac surg ery.
Canad ian Anesthesiologists’ Society,
Choosing Wisely Canada recommendation #1.

In a study evalua ng subjects referred to hematologists for bleeding disorder assessment, PT and PTT had a
sensi vity of 1.0-2.1% for ruling out bleeding disorders[9]
Therefore, a normal PT and PTT does not rule out the presence of a bleeding disorder.
In a retropec ve study of ~ 1 million preopera ve pa ents [4]

26% of pa ents
had preopera ve
PT tes ng

94% of this
tes ng was
unnecessary

23% of pa ents
had preopera ve
aPTT tes ng

The majority of preopera ve PT and PTT tests are unnecessary.

99.9% of this
tes ng was
unnecessary
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Effect of Direct Oral Ancoagulants on Hemostac Tests
Below on-therapy
range

On therapy range

Above on-therapy
range

Dabigatran
TT
Dilute TT, ECT, ECA

aPTT
PT
Rivaroxaban
An-Xa acvity

PT
aPTT
Apixaban
An-Xa acvity
PT

aPTT
Edoxaban

An-Xa acvity
PT
aPTT
Horizontal bars correspond to the approximate range of detectability (sensivity) and checkered area corresponds to linearity of each
assay at below, within and above typical on therapy concentraons of dabigatran, rixaroxaban, apixaban and edoxaban. Ranges are
approximaons and may vary depending on the choice of reagent.
ECA = ecarin chromogenic assay; ECT = ecarin clo ng me; TT = thrombin me
Adapted from Cuker et al. with permission[5,15]

|

ILLUSTRATED REVIEW

R ELATI ONSHI P DI SCLO SURE
The authors declare no conflicts of interest.
AUT HOR CONTRI B UTI O N S
CE and MS developed the concepts and images, wrote the manuscript, and approved the final content.
T WITTE R
Carolyne Elbaz
Michelle Sholzberg

@ElbCarolyne
@sholzberg

REFERENCES
1. Bakhtiari K, Meijers JCM, De Jonge E, Levi M. Prospective validation of the International Society of Thrombosis and Haemostasis
scoring system for disseminated intravascular coagulation. Crit
Care Med. 2004;32(12):2416–21.
2. Bowman M, Mundell G, Grabell J, Hopman WM, Rapson D, Lillicrap
D, et al. Generation and validation of the Condensed MCMDM1VWD Bleeding Questionnaire for von Willebrand disease. J
Thromb Haemost. 2008;6(12):2062–6.
3. Bowman M, Riddel J, Rand ML, Tosetto A, Silva M, James PD.
Evaluation of the diagnostic utility for von Willebrand disease of a pediatric bleeding questionnaire. J Thromb Haemost.
2009;7(8):1418–21.
4. Capoor M, Stonemetz J, Baird J, Ahmed F, Awan A, Birkenmaier C,
et al. Prothrombin time and activated partial thromboplastin time
testing: a comparative effectiveness study in a million-patient sample. PLoS ONE. 2015;10(8):e0133317.
5. Cuker A, Husseinzadeh H. Laboratory measurement of the anticoagulant activity of edoxaban : a systematic review. J Thromb
Thrombolysis. 2015;39(3):288–94.
6. Deforest M, Grabell J, Albert S, Young J, Tuttle A, Hopman WM,
et al. Generation and optimization of the self-administered bleeding assessment tool and its validation as a screening test for von
Willebrand disease. Haemophilia. 2015;21(5):e384–8.
7. Elbatarny M, Mollah S, Grabell J, Bae S, Deforest M, Tuttle A, et al.
Normal range of bleeding scores for the ISTH-BAT: adult and pediatric data from the merging project. Haemophilia. 2014;20(6):831–5.

773

8. Garcia D, Erkan D. Diagnosis and management of the antiphospholipid syndrome. N Engl J Med. 2018;378(21):2010–21.
9. Hayward CM, Moffat K, Liu Y. Laboratory investigations for bleeding disorders. Semin Thromb Hemost. 2012;38(7):742–52.
10. Kitchens CS. Prolonged activated partial thromboplastin time of
unknown etiology: a prospective study of 100 consecutive cases
referred for consultation. Am J Hematol. 1988;27:38–45.
11. Poller L. International Normalized Ratios (INR): the first 20 years. J
Thromb Haemost. 2004;2(6):849–60.
12. Quick AJ. The clotting time - an enigma resolved. Am J Clin Pathol.
1974;62(5):670–2.
13. Rodeghiero F, Castaman G, Tosetto A, Batlle J, Baudo F, Cappelletti
A, et al. The discriminant power of bleeding history for the diagnosis of type 1 von Willebrand disease: An international, multicenter
study. J Thromb Haemost. 2005;3(12):2619–26.
14. Rodeghiero F, Tosetto A, Abshire T, Arnold DM, Coller B, James P,
et al. ISTH/SSC bleeding assessment tool: A standardized questionnaire and a proposal for a new bleeding score for inherited bleeding
disorders. J Thromb Haemost. 2010;8(9):2063–5.
15. Samuelson BT, Cuker A, Siegal DM, Crowther M, Garcia DA.
Laboratory Assessment of the Anticoagulant Activity of Direct Oral
Anticoagulants: A Systematic Review. Chest. 2017;151(1):127–38.
https://doi.org/10.1016/j.chest.2016.08.1462.
16. Spradbrow J, Letourneau S, Grabell J, Liang Y, Riddel J, Hopman
W, et al. Bleeding assessment tools to predict von Willebrand disease: Utility of individual bleeding symptoms. Res Pract Thromb
Haemost. 2020;4(1):92–9.
17. Tosetto A, Rodeghiero F, Castaman G, Goodeve A, Federici AB,
Batlle J, et al. A quantitative analysis of bleeding symptoms in type
1 von Willebrand disease: results from a multicenter European
study (MCMDM-1 VWD). J Thromb Haemost. 2006;4(4):766–73.
18. Local data obtained from St. Michael’s Hospital Laboratory
Information System.

How to cite this article: Elbaz C, Sholzberg M. An illustrated
review of bleeding assessment tools and common coagulation
tests. Res Pract Thromb Haemost. 2020;4:761–773. https://doi.
org/10.1002/rth2.12339

