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Bleeding time: Remained or Retired or Removed?
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The bleeding time (BT) test is one of the oldest hemostasis tests. Although it is simple, rapid, and does not require experienced laboratory person-
nel, the sensitivity, specificity and reproducibility of the BT for detecting platelet function abnormalities are poor. Therefore, BT is not a suitable
screening test for platelet function defects and predictive test for surgical bleeding. Although the PFA-100/200 cannot be totally replaceable to the
BT, it has been regarded as a practical and readily available platelet function screening test in clinical laboratories. However, similar to BT, PFA-
100/200 has unsatisfactory diagnostic sensitivity and specificity for identifying platelet function defects, and assessing preoperative bleeding risk.
In this article, the characteristics and clinical utility of BT and other platelet function tests that can be utilized for screening of platelet function de-
fects will be briefly reviewed and the efficient way to use these tests will be suggested.
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INTRODUCTION

Bleeding time (BT) has been widely used for the evaluation of
primary hemostatic function since its first introduction in 1910 [1].
It involves making a small skin incision and then recording the
time taken for the bleeding to stop [2, 3]. Since its introduction, BT
has been modified to apply a constant pressure and use a tem-
plate for the standardization of the procedure [2, 3]. It is a simple
in vivo test that reflects the interactions between platelets and ves-

sel walls. In addition, BT is a relatively inexpensive test that does
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not require a skilled technician or expensive equipment [3]. How-
ever, it is an invasive test, and its reproducibility and the sensitiv-
ity to mild platelet function disorders is poor [3]. In addition, many
preanalytical and analytical factors can affect the BT results [1, 4].
Consequently, most guidelines recommended discontinuation of
BT, and the use of BT has rapidly declined and been replaced by
other less invasive ex vivo platelet function assay [2, 5-8]. How-
ever, some laboratories still use the BT tests due to the clinical
field requirements [2]. In this article, the usefulness of the BT test
for the evaluation of platelet function disorders and preoperative
bleeding risk, and the characteristics and clinical utility of other
platelet function tests that can be utilized for screening of platelet
function defects will be briefly reviewed, and an efficient way to

use these tests will be suggested.

BLEEDING TIME and OTHER PLATELET
FUNCTION TESTS

1. Bleeding time
1) History and method
In 1910, Duke described the skin BT for the first time [1]. He re-
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ported a simple skin incision technique of the earlobe, and re-
cording the time to clot formation and bleeding stop [2, 3]. Later, it
was modified to applying constant venous blood pressure (40
mmHg) to standardize venous return by Ivy et al. in 1941, along
with the declaration of the forearm being the best site to test [1, 3.
Mielke et al. improved on the Ivy et al. technique by utilizing a
template to standardize the length and depth of the skin incision,
which was introduced in 1969 [1, 3]. In late 1990s, the Clinical and
Laboratory Standards Institute (CLSD released a guideline on the
performance of BT that recommends the utilization of commer-
cial, single-use template device for guarantee of sterility, repro-
ducibility, safety, and convenience, however, it is currently inacti-

vate [4].

2) Variables

Numerous pre-analytical and analytical variables can affect the
BT results. Regarding the skin incision, the direction, number, and
depth of incisions have an effect on the test results [4]. Hence, con-
stant blood pressure should be maintained during the procedure
[1, 4]. Patient factors that influence the BT results include age, gen-

der, medication use, hematocrit level and platelet count [1, 4].

3) Clinical utility

BT is insensitive to many mild platelet disorders; therefore, nor-
mal BT results do not exclude the possibility of primary hemostatic
defects [3-5, 9. Mezzano et al. [9] reported that BT results were not
significantly different between the patients with bleeding disor-
ders and healthy controls, and the sensitivity of BT for screening
bleeding disorders was approximately 30% [9]. In addition, a pro-
longed BT alone is not a reliable diagnostic for any single platelet

disorder [1]. Prolongation of BT can be found in afibrinogenemia,

severe coagulation factor deficiencies, uremia, and some hemato-
logic malignancies [4]. The positive predictive value of BT for pri-
mary hemostatic disease might be acceptable only when there is
high likelihood of abnormal results, such as in patient with a per-
sonal or familial history of abnormal bleeding [4]. However, BT
fails to correlate with the real bleeding tendency [3]. Therefore, BT
is not suitable as a screening test of platelet function disorders and
is not recommended in almost all of the current related guidelines
(3-5].

BT is also not recommended for predicting perioperative bleed-
ing [1, 10]. The routine preoperative BT test for assessing surgical
bleeding risk in patients without a bleeding history has not been
found to be useful [1, 4]. According to a previous study, discontin-
uation of the bleeding time showed no clinically significant and
negative impact [11]. For example, the rate of postprocedural hem-
orrhage in a patient undergoing major surgery was similar before
and after discontinuation of the BT [11]. The positive predictive
value of BT for perioperative bleeding was only 5% [1]. In fact, the
best way to determine hemorrhagic risk with surgery is adequate
history taking and physical examination (Table 1) [1, 10] as it is
more sensitive and specific than hemostatic testing [12]. A positive
bleeding medical history is 12.5 times more likely to predict surgi-
cal bleeding risk than any laboratory test [12]. Since bleeding symp-
toms can be subjective in both patients’ description and physician’s
examination, the use of bleeding assessment tools can standard-
ize the severity of bleeding symptoms and can be an useful method
to assess the perioperative hemorrhage [10]. The International So-
ciety of Thrombosis and Hemostasis bleeding assessment tools
comprises 14 categories (epistaxis, cutaneous bruising, bleeding
from minor wounds, oral cavity bleeding, gastrointestinal bleed-

ing, hematuria, dental extractions, surgery, menorrhagia, post-

Table 1. Appropriate questions to screen for possible abnormal hemostasis (modified from [12])

+ Have you or anyone in your family ever been labeled a "bleeder"? Has someone in the family ever experienced abnormal bleeding?

+ Have you ever bled with surgery or following childbirth? What surgical procedures have you had, including major and minor surgery, biopsies, and dental procedure?

+ Did a surgeon or dentist ever have to re-explore the wound site or did you ever have to return to the operation suite for hemorrhagic control?

+ Have you ever had excessive menstrual periods? How long do your periods last? How many pads or tampons are needed each day? Have you ever required iron

supplementation for anemia due to menstrual blood loss?

+ Do you bruise excessively? Were these bruises multiple? Were they confined only to the outer thighs or other areas that are subject to trauma? Were any of these
bruises palpable (i.e,, were they true hematomas) or were they level with the surface of the skin?

+ Do you have nosebleeds now or was there ever a time in your life when you did have spontaneous nosebleed?

+ Have you ever required a blood or plasma transfusion, and, if so, why?

+ Have you ever bruised or experienced hemorrhage following trauma, car accidents, falls, organized or unorganized sports, altercations, or any acts of violence?
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partum hemorrhage, muscle hematomas, hemarthrosis, central
nervous system bleeding, and other bleeding problems) for as-
sessing the degree of bleeding symptoms [13]. Each of the catego-
ries is scored from 0-4 (except for central nervous system bleed-
ing when the scores are 0, 3 or 4), and a final score is derived on
this basis [13]. A high bleeding score is associated with the pres-

ence of an inherited bleeding disorder [13].

2. Other platelet function tests

Currently, there are several platelet function tests that can be
utilized in clinical laboratories. Light transmission aggregometry
(LTA) is the most widely used platelet function test [14]. LTA uses
platelet-rich plasma with various platelet agonists, such as epi-
nephrine, adenosine diphosphate (ADP), collagen, arachinonic
acid and ristocetin. It measures the change of optical density or
turbidity which is induced by agonists in platelet-rich plasma [15,
16]. An impaired or abnormal platelet aggregation pattern with
more than one agonist suggests platelet function defects, and the
type of abnormal aggregation pattern will guide further work-up
process [5, 16]. For example, an absence of aggregation to all ago-
nists except ristocetin indicates Glanzmann thrombasthenia , ab-
sent response to ristocetin suggests Bernard-Soulier syndrome,
and a markedly decreased or absent aggregation with ADP sug-
gests P2Y12 receptor abnormality [17]. Increased platelet aggrega-
tion to low concentrations of ristocetin is compatible with platelet-
type von Willebrand disease (VWD) [3, 14, 17]. LTA is considered
as the gold standard for evaluating platelet function [18]. However,
it requires fresh blood, in relatively large volumes (20-50 mL), it is
time-consuming, and it is a technically complicated test that re-
quires experienced laboratory personnel [9, 18, 19]. Consequently,
LTA cannot be performed routinely in many laboratories. In addi-
tion, LTA results may be normal or only slightly defective in some
mild platelet function defects; therefore, a normal LTA result by it-
self does not completely exclude a platelet function disorder [14,
16, 20].

Whole blood aggregometry (WBA) is an alternative platelet ag-
gregation test that measures the change in electrical resistance be-
tween two electrodes immersed in a whole blood sample, due to
adhesion of platelets to the electrodes and platelet aggregation
[21]. Like LTA, WBA provides a detailed study of various platelet
activation signaling pathways using multiple agonists with various

concentrations [3, 22]. It may be more sensitive to monitor anti-

https://doi.org/10.47429/lm0.2023.13.1.1

platelet therapy and some platelet function defects than LTA [22].
In addition, WBA overcomes the sample volume issue of LTA,
and does not require sample manipulation which can lead to po-
tential delay of time and platelet activation during centrifugation
[3, 22]. Although the above-mentioned advantage of WBA in its
simplified specimen handing process and technical demands, its
reproducibility, sensitivity, and specificity are yet to be established
in most platelet function disorders, in addition to poor correlation
with LTA and a doubtful ability to predict clinical outcomes [3, 14].

Viscoelastic tests, such as thromboelastography (TEG) or rota-
tional thromboelastography (ROTEM) can monitor the rate and
quality of clot formation using whole blood [3]. It provides various
profile of clot formation and clot strength resulting from interac-
tions between platelets and coagulation factors [3, 23]. Recently,
the TEG® PlateletMapping® Assay using platelet agonists arachi-
nonic acid and ADP has been introduced, and it can be used for
monitoring of antiplatelet therapy [3]. However, it measures clot
properties only; therefore, the platelet function evaluation results
are neither specific nor diagnostic 3, 23].

The primary clinical utility of TEG and ROTEM tests is identify-
ing hemostatic defects quickly in bleeding patients [24]. These have
been traditionally utilized in surgical and anesthesiologic depart-
ments as point-of-care tests for determining the risk of bleeding
and as a guide to hemostatic therapy and transfusion requirements
[3, 24]. Although a TEG- and ROTEM-guided strategy can reduce
the frequency of blood product transfusion compared to an em-
pirical or central laboratory test-based transfusion strategy, it does
not improve clinical outcomes and survival in various surgical pa-
tients [3, 24].

The platelet function analyzer, INNOVANCE PFA-100/200° sys-
tem (Siemens Healthcare, Germany) has been widely used in many
clinical laboratories [3]. It is a cartridge-based point-of-care assay,
in which whole blood is aspirated through a small aperture (150
pm in diameter) in a membrane coated with collagen and epineph-
rine or ADP [3]. Under the high shear conditions, these platelet ac-
tivators lead to platelet plug formation, and eventually occludes
the aperture [3]. The instrument records the time until the full oc-
clusion of the aperture as “closure time” up to a maximum of 300
seconds [3]. PFA-100/200 is simple, rapid, non-invasive, and only
requires a small blood volume [3]. Characteristically, the PFA 100/
200 results are highly dependent on serum von Willebrand factor

levels due to the high shear conditions within the cartridge; there-
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fore, it can be a supplement test for the detection of vWD [3, 25].
However, it should be noted that PFA-100/200 lacks a uniform high
sensitivity and specificity for vWD, therefore, von Willebrand fac-
tor-specific testing should be performed if vWD is highly suspected
26, 27).

There are various preanalytical and analytical variables that can
affect the closure time. Among them, perhaps the most relevant
variables are low platelet count (less than 50 X 10°/L) or hemato-
crit levels (less than 25%); therefore, it is not a suitable test for pa-
tients with severe thrombocytopenia and suspected platelet func-
tion disorders [3, 14, 25, 28]. In addition, some drugs, such as aspi-
rin and non-steroidal anti-inflammatory drugs, can also affect the
closure time [25]. The interpretation of PFA-100/200 closure time
according to the patterns and the degree of closure time prolon-
gation with collagen-epinephrine (C/Epi) and collagen-ADP (C/
ADP) cartridge is shown in Fig. 1.

Although the PFA-100/200 cannot be totally replaceable com-
pared to BT, it can provide information on whether there is an ab-
normality in some platelet signaling pathways or not. Therefore,
PFA-100/200 has been regarded as a practical and readily available
platelet function screening test based on its advantages [3, 25, 29].
Unfortunately, the closure time is insensitive to the detection of
mild platelet function defects except for vWD. Mezzano et al. [9]
reported that the PFA-100/200 closure time was not significantly
different between the patients with bleeding disorders and

healthy control. The sensitivity of PFA-100/200 results for screen-

Closure time A

ing of bleeding disorders was approximately 30%, which is simi-
lar to that of BT [9]. Interestingly, Podda et al. [29] reported that the
closure time of PFA-100/200 with C/Epi cartridge was significantly
prolonged as the severity of the bleeding score increased, but not
with C/ADP cartridge, which suggested a possibility to use C/Epi
closure time results as a predictor of bleeding risk. However, in
general, prolonged PFA-100/200 closure time does not necessarily
imply increased hemorrhagic risk [25]. Currently, the routine use
of the PFA-100/200 for screening of abnormal platelet function is
not recommended due to the lack of reproducibility, and low sen-
sitivity and specificity for platelet function defects [5, 14]. In addi-
tion, the prolonged closure time cannot distinguish vWD from
other platelet function diseases, and a normal closure time does
not rule out mild platelet function disorders [14]; therefore, it is an
“optional” screening test for platelet function diseases [6, 25]. If
the clinical suspicion of platelet function defects is high, normal
PFA-100/200 results should not rule out the possibility of platelet
function defects; therefore, specific platelet function assay is indi-
cated [6, 14, 25]. Patients with sufficient clinical suspicion of mild
or moderate platelet function disorders should undergo further
diagnostic testing irrespective of PFA-100/200 results [25].
PFA-100/200 has little value for assessing surgical bleeding risk
in presurgical patients without formal preoperative assessment of
medication, personal, and family history [12, 25]. However, the
utility of closure times depend on the patient population under

investigation [25]. For example, if a patient has a bleeding history,

of C/Epi
( N )
*  Drug effect «  Drug effect
+  Mild thrombocytopenia Severe thrombocytopenia
Prolonged *  Low hematocrit Very low hematocrit
+  Mild vWD *  Severe VWD
*  Mild platelet function defect »  Severe platelet function defect
- g J
Normal result
(No evidence of drug effect)
Mild platelet function defect Rare event
Normal - . - (C/ADP don't need to be tested if the closure
Exclusion of : severe thrombocytopenia, 3 ..
time of C/Epi is normal)
severe YWD, and severe platelet
\_ function defect ) \_ Y,
Normal Prolonged
Closure time of C/ADP

Fig. 1. A representative of clinically possible situations according to PFA-100/200 closure time with C/Epi and C/ADP cartridges (modified from [25]).
Abbreviations: C/Epi, collagen-epinephrine; C/ADP, collagen-adenosine diphosphate; VWD, von Willebrand disease.
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PFA-100/200 is held as worthwhile in screening whether the ab-

normal bleeding is associated with platelet dysfunction [12].

CONCLUSIONS

BT is one of the oldest hemostasis tests which is still being used
in hospital laboratories. Although it has some advantages, its sen-
sitivity and specificity for detecting platelet function abnormalities
are low and the reproducibility is poor. Therefore, BT is not a suit-
able screening test for platelet function defects and a predictive
test for surgical bleeding, and it is better to be retired. Neverthe-
less, when necessary, the BT test should be performed only in se-
lect patient populations who have high likelihoods of an abnor-
mal result. In addition, the test should be carried out according to
the standardized procedure. Finally, the results interpretation should
include the BT limitations. Unfortunately, there is no single plate-
let function test that can completely replace BT yet. Among them,
PFA-100/200 can be a practical and readily available platelet func-
tion screening test. However, it has unsatisfactory diagnostic sen-
sitivity and specificity for identifying platelet function defects and
assessing preoperative bleeding risk. Therefore, PFA-100/200 should
be used with selectively sorted patients who have positive personal
or family bleeding history, with consideration of medication, plate-

let count, and hematocrit level.

FAS3 P4 3 ptolek. o] FA:

13]:]'. Platelet function
analyzer-100/200 (PFA-100/200)-2 &A1 &ds] A e <=
L QIXuk Ag-Zo| 1 At HAMAOA A AR 7153 P

7% Aol ), ZEA7IT} SAFSHA| PFA-100/200-2 &
Bl 208 WAL & A 29 988 BN o Sl
RIS AT 9 AT URES So|w S Hel £ Bk,
SR 2 B 7l FAE] ST A §-8A4
ohsh 7heks] A, o] BAES G-V AHEY 4 U
¥-& AT Aol

https://doi.org/10.47429/lm0.2023.13.1.1

Conflicts of Interest

None declared.

Acknowledgements

This study was supported by the Soonchunhyang University Re-

search Fund.

REFERENCES

1. Gewirtz AS, Kottke-Marchant K, Miller ML. The preoperative bleeding
time test: assessing its clinical usefulness. Cleve Clin J Med 1995;62:
379-82.

2. Tantanate C and Tientadakul P. Current practices of bleeding time in a
developing country: an alert for noncompliance with the standard pro-
cedures. Int ] Lab Hematol 2014;36:77-82.

3. Michelson AD, Cattaneo M et al. eds. Platelets. 4th ed. London, UK:
Academic Press, 2013:701-6, 849-62, 877-904.

4. Clinical and Laboratory Standards Institute.Performance of the bleed-
ing time test; approved guideline—Second edition. CLSI document
H45-A2. Wayne, PA: Clinical and Laboratory Standards Institute, 2005.

5. Gresele P. Diagnosis of inherited platelet function disorders: guidance
from the SSC of the ISTH. J Thromb Haemost 2015;13:314-22.

6. Harrison P, Mackie I, Mumford A, Briggs C, Liesner R, Winter M, et al.
Guidelines for the laboratory investigation of heritable disorders of
platelet function. Br ] Haematol 2011;155:30-44.

7. Chee YL, Crawford JC, Watson HG, Greaves M. Guidelines on the as-
sessment of bleeding risk prior to surgery or invasive procedures. Brit-
ish Committee for Standards in Haematology. Br ] Haematol 2008;140:
496-504.

8. Hayward CP, Moffat KA, Raby A, Israels S, Plumhoff E, Flynn G, et al.
Development of North American consensus guidelines for medical
laboratories that perform and interpret platelet function testing using
light transmission aggregometry. Am J Clin Pathol 2010;134:955-63.

9. Mezzano D, Quiroga T, Pereira J. The level of laboratory testing re-
quired for diagnosis or exclusion of a platelet function disorder using
platelet aggregation and secretion assays. Semin Thromb Hemost 2009
35:242-54.

10. Tantanate C. The bleeding time: Review of basic principle, clinical ap-

plications, and laboratory pitfalls. Siriraj Med J 2013;05:24-9.

11. Lehman CM, Blaylock RC, Alexander DP, Rodgers GM. Discontinua-

www.labmedonline.org 5



MO

ZE#: Bleeding Time

tion of the bleeding time test without detectable adverse clinical im-
pact. Clin Chem 2001;47:1204-11.

12. Kitchen CS, Kessler CM et al. eds. Consultative hemostasis and throm-
bosis. 4th ed. Wayne, PA: Elsevier, 2018:696-720.

13. 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 disor-
ders. ] Thromb Haemost 2010;8:2063-5.

14. Perez Botero J and Di Paola J. Diagnostic approach to the patient with
a suspected inherited platelet disorder: Who and how to test. ] Thromb
Haemost 2021;19:2127-36.

. Carubbi C, Masselli E, Nouvenne A, Russo D, Galli D, Mirandola P, et

—_
(3

al. Laboratory diagnostics of inherited platelet disorders. Clin Chem
Lab Med 2014;52:1091-106.

16. Kim B. Diagnostic workup of inherited platelet disorders. Blood Res
2022;57:511-9.

17. Lambert MP. What to do when you suspect an inherited platelet disor-
der. Hematology Am Soc Hematol Educ Program 2011;2011:377-83.

18. Lassila R. Platelet function tests in bleeding disorders. Semin Thromb
Hemost 2016;42:185-90.

19. Cattaneo M, Cerletti C, Harrison P, Hayward CP, Kenny D, Nugent D,
et al. Recommendations for the Standardization of Light Transmission
Aggregometry: A Consensus of the Working Party from the Platelet
Physiology Subcommittee of SSC/ISTH. J Thromb Haemost 2013;11:
1183-9.

20. Perez Botero J, Warad DM, He R, Uhl CB, Tian S, Otteson GE, et al.

Comprehensive platelet phenotypic laboratory testing and bleeding

6 www.labmedonline.org

history scoring for diagnosis of suspected hereditary platelet disor-
ders: A single-institution experience. Am J Clin Pathol 2017;148:23-32.

21. Femia EA, Scavone M, Lecchi A, Cattaneo M. Effect of platelet count
on platelet aggregation measured with impedance aggregometry (Mul-
tiplate™ analyzer) and with light transmission aggregometry. ] Thromb
Haemost 2013;11:2193-6.

22. McGlasson DL and Fritsma GA. Whole blood platelet aggregometry
and platelet function testing. Semin Thromb Hemost 2009;35:168-80.

23. Karon BS. Why is everyone so excited about thromboelastrography
(TEGY? Clin Chim Acta 2014;436:143-8.

24. Whiting D and DiNardo JA. TEG and ROTEM: technology and clinical
applications. Am J Hematol 2014;89:228-32.

25. Favaloro EJ. Clinical utility of closure times using the platelet function
analyzer-100/200. Am J Hematol 2017,92:398-404.

26. Ng C, Motto DG, Di Paola J. Diagnostic approach to von Willebrand
disease. Blood 2015;125:2029-37.

27. James PD, Connell NT, Ameer B, Di Paola J, Eikenboom J, Giraud N, et
al. ASH ISTH NHF WFH 2021 guidelines on the diagnosis of von Will-
ebrand disease. Blood Adv 2021;5:280-300.

28. Hayward CP, Harrison P, Cattaneo M, Ortel TL, Rao AK. Platelet func-
tion analyzer (PFA)-100 closure time in the evaluation of platelet disor-
ders and platelet function. J Thromb Haemost 2006;4:312-9.

29. Podda GM, Bucciarelli P, Lussana F, Lecchi A, Cattaneo M. Usefulness
of PFA-100 testing in the diagnostic screening of patients with suspected
abnormalities of hemostasis: comparison with the bleeding time. J

Thromb Haemost 2007;5:2393-8.

https://doi.org/10.47429/lm0.2023.13.1.1



