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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BT, and the use of BT has rapidly declined and been replaced by 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 

�eld 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 brie�y reviewed, and an ef�cient 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 �rst time [1]. He re-

INTRODUCTION

Bleeding time (BT) has been widely used for the evaluation of 

primary hemostatic function since its �rst 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 modi�ed 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 re�ects the interactions between platelets and ves-

sel walls. In addition, BT is a relatively inexpensive test that does 
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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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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 modi�ed 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 (CLSI) 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 in�uence 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 

signi�cantly 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 a�brinogenemia, 

severe coagulation factor de�ciencies, 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 signi�cant 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 speci�c 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?



김보현: Bleeding Time

https://doi.org/10.47429/lmo.2023.13.1.1 www.labmedonline.org   3

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 �nal 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-

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 

simpli�ed specimen handing process and technical demands, its 

reproducibility, sensitivity, and speci�city 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 

pro�le 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 speci�c 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 

µm 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 speci�city for vWD, therefore, von Willebrand fac-

tor-speci�c 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 50×109/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-in�ammatory 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 signi�cantly 

different between the patients with bleeding disorders and 

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

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 signi�cantly 

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 speci�city 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, speci�c platelet function assay is indi-

cated [6, 14, 25]. Patients with suf�cient 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, 

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 speci�city 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 speci�city 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. 

요  약

출혈시간은 가장 오래 된 혈액응고 검사 중 하나이다. 이 검사는 

비록 간단하고, 빠르며, 숙련된 검사자를 필요로 하지 않지만, 혈소

판 기능 이상을 검출하는 데 있어 민감도, 특이도, 그리고 재현성

이 좋지 않다. 그러므로 출혈시간은 혈소판 기능 결함과 수술 전 

출혈 예측을 위한 선별 검사로 적합하지 않다. Platelet function 

analyzer-100/200 (PFA-100/200)은 출혈시간을 완전히 대체할 수

는 없지만, 실용적이고 임상 검사실에서 쉽게 사용 가능한 혈소판 

기능 검사이다. 그러나, 출혈시간과 유사하게 PFA-100/200은 혈소

판 기능 결함을 발견하고 수술 전 출혈 위험을 평가하는 데 있어 

만족스럽지 못한 진단 민감도와 특이도를 보인다. 본 논문에서는, 

출혈시간과 다른 혈소판 기능 검사들의 특징과 임상적 유용성에 

대해 간략히 고찰하고, 이 검사들을 유용하게 사용할 수 있는 방

법을 제시할 것이다. 
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