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Summary

We compared the Ivy bleeding time method and two alter-
natives of the Simplate II® method (incisions m honzontal and
vertical direction) with each other, with regard to the sensitivity,
the specificity, the costs and the burden for the paticnt In the
aspirn study an aspirin induced bleeding defect was uscd
Seventy-two hcalthy volunteers werc randomized to receive
etther 500 mg acetylsalicylic acid (ASA) o1 a placebo Double
blinding was maintaincd throughout the study In the anticoagula
tion study 62 patients partictpated, who recerved oral anticoagul-
ants (OAC) for various reasons All patticipants 1eceived two
bleeding time methods The burden fo1 the participants of each
method was screened by a small standard questionnaire

The differences 1n sensttivity and specificity between the three
methods proved mmmmal The Ivy method was moic often
preferred by the paiticipants than the Simplate methods

Since a choice on the basis of sensitivity and specificity appears
not possible, we prefer the Ivy method becausc of lower costs and
less burden

Introduction

The bleeding time, an 1n vivo measurement of platciet function
was described by Duke 1n 1910 (1) In oider to improve Duke’s
test, modifications have been inttoduccd This has i1csulted 1n
several bleeding time methods Frequently used methods are the
Ivy bleeding ttme, introduced by Ivy and associates (2, 3) and the
Simplate IT® method, based on Mielke’s standardized template
bleeding time (4) The Ivy bleeding time 1s determined by making
three punctule wounds m the forearm while the Simplate 11
bleeding timc 1s detcrmined by making two cisions with a
standaid device These two ncisions on the foreaim can be made
both 1n a vertical (perpendicular to the antccubital crease) and a
horizontal direction

Although a strict distinction between primary hemostasis and
coagulation 1s shightly artificial, a test for primary hemostasis 1s
clinically useful 1n the diagnosis of hemostasis disoiders Desir-
able propertices of this test are its capacity to give an indication of
platelet function without being affected by the system of coagula
tion Wec examined the thice bleeding timc methods 1n this
respect fustly, their detection petrformance mn an aspuin induced
platelet defect, sccondly, then behaviour m anticoagulation In
addition, we consideied the burden fo1r the paticnts and the costs

In a previous study we compared the sensitivity and 1eproduci
bility of the Ivy and Simplate IT bleeding time techmiques (5) and
found the Ivy bleeding time mcthod at least as sensitive foi
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defects of primary hemostasis as the Simplate II method The
1cproducibility of both methods proved to be similar

In that study wc evaluated the Simplate II method n vertical
dircction, wheieas the hoinizontal alternative of this method was
not testcd Neither did we compare the methods with regard to
the specificity for the process of primary hemostasis, 1 € whether
the bleeding times were prolonged in hemostasis disorders not
associated with platclet dysfunction Mielke (6) and Buchanan
and Holtkamp (7) asscssed the influence of the direction of the
mcision on the bleeding time In these studies the horizontal
meision resulted 1n longer blceding times than the vertical
mcision  Smith and associates (8) found prolonged vertical
Simplate I bleeding times in paticnts with severely impaired
secondary hemostasis (hemophilia A), whereas all Ivy bleeding
times 1n the same patients were normal Piolonged vertical
Simplate II blceding times have also been reported in patients on
o1al anticoagulant therapy (9)

The purpose of our study was to compare the Ivy and both
alternatives of the Simplate II bleeding time method with cach
other, with regard to the sensitivity, spectficity, costs and burden
for the patients In thc aspun study an aspirin induced platelet
defect served as a model of impaned primary hemostasis The
anticoagulation study was performed on patients who received
oral anticoagulants, 1 ¢ patients with a hemostasis defect but with
a noimal platelet function In this study we evaluated to which
extent cach bleeding time method was influenced by a moderate
secondary hemostasis defect The burden for the patients was
assessed by a small standard questionnanc, immediately after the
tests and agam after 3 weeks

Subjects, Materials and Methods
Subjects

In the aspiin study 72 hecalthy voluntcers partticipated 1anging 1n age
fiom 21 to 47 ycats Nonc of the paiticipants had igested acetylsalicyhic
acid (ASA) o1 other drugs known to interfeic with platelet function for at
lcast ten days before the study None of the patticipants tepotted any
1clatives known with a bleeding tendency

In the anticoagulation study 62 paticnts participated who 1eccived o1al
anticoagulants for vatious 1casons Then ages tanged fiom 38 to 65 yeais
Inclusion ciitenia for this pait of the study weie stable level of long teim
anticoagulation and an INR (mtcinational notmalized 1atio) >3 0 at a
pirevious visit to the Leiden Thiombosis Scivice Patients who used ASA
ot other diugs known to mteifere with platelet tunction were excluded
The study was appioved by the medical cthics committee of out institution
and all participants gave mformed conscent

Bleeding Time Techniques

After shaving the volar surface of the toicaim when necessary the
volar sutfacc was clcanscd with dicthyl cther and allowed to diy
Venostasis was achicved with a standaid blood picssure cuff inflated to
40 mmHg thioughout the proceduie Thiee punctuie wounds (Ivy) o1 two
incistons (Simplate 1) weie made at a distance of approximately 5 cm






from the antccubital fossa on the lateral aspect of the volar suiface of the
forcaim n an aica fice of supetticial verns Incisions weie made cither 1n
houizontal (paiallel to thc antccubital cicase) o1 veitical dncctions
(Fig 1) A stopwatch was started at the appeatance of the tust diop of
blood

For the Ivy bleeding time we used a steiile lancet (Becton Dickinson
and Company Rutheitord NJ) with a blade depth of 2 S mm and a blade
width of 15 mm The Sumplate II device (General Diagnostics Mottis
Plams NJ) madc two incisions, cach 6 mm long and I mm dccp
Whatman No 1 filter paper was used to blot the blood tiom the punctuic
wounds o1 incisions at 15- and 30-s intcivals, tespectively Care was taken
not to distu1b the wounds The end point was defined as the moment when
bilood had stopped appcaiing fiom the wound and the hilter paper no
longer turned 1cd Adhesive tape was {itmly apphied to the mcistons of the
Simplatc II 1in order to closc the gaps of thc wounds and to hinmt scai
formation The bleeding time was cxpicssed as the average time of the
thice punctutes (Ivy) o1 two incisions (Smplate I1), 1ounded to the
ncaicst quartet (Ivy) o1 halt minute (Simplate 11)

All bleeding times weic peitormed by the authors RS and AS atter
mtensive tiamning piiot to the study The aspiin study was cattied out at
the clinical coagulation laboiatory of the University Hospital Leiden and
the anticoagulation study at the Leiden Thiombosis Scivice  the 1egional
anticoagulation monitoring mstitution

Design of the Asprnin Study

The 72 hcalthy volunteers were 1andomized nto thice groups, cach
consisting of 24 voluntecis The subjects of the fust gioup 1cceived an vy
bleeding time 1n onc aim and a Simplate 11 bleeding time 1 vertical
ducction (Simplate I, 1), 10 the other aim The subjects of the second
group 1ccetved an Ivy bleeding ume in onc aim and a Simplate 11 bleeding
ume 1 honizontal ducction (Simplate Hpopont ), 0 the other aim The
subjects of the thind gioup 1ecerved a Simplate 11 bleeding time 1n both
aims n vertical ducction in one aim and n honizontal direction 1n the
othct aim

In o1der to achicve an cqual distiibution by age and sex in the thiec
groups, a stiatificd 1andomization was cartied out according to the
mimimization mcthod (10)

In cach gioup 12 volunteets were given 500 mg of ASA orally wheicas
the other 12 volunteers 1ccerved a placebo Two houis later the bleeding
times weie petformed ASA and placebo weie allocated at tandom  using
a 1tandom numbe1 table Double blinding was mamtamed thioughout the
study Each gioup was divided into 4 subgioups consisting of 6 volun-
teers In this way the investigators (RS and AS) peiformed both bleeding
time methods 1 cach group cqually often on the left and right aim
(Table 1)

When a voluntcer came to the laboratory the fust mvestigato:
pettormed onc of both blecding time methods on onc arm  The volunteel
was nstiucted not to inform the sccond investigator about the result
obtaincd by the fust mvestigator The sccond mvestigator then performed
the other bleeding time mcthod on the other arm Caic was taken to start
cqually often with cach blecding time method Diectly after pertormance

ot thc two bleeding timc mcthods and again thice weeks later the
voluntceis weice asked which method they piefeiied
Table 1 Design ot the study
Group Subgtoup  Mcthod Amm Mcthod Aim
peiformed performed
by RS by AS
Ivy-SH, A Ivy Left Sl ere Right
B Ivy Right SILe Left
C S Left Ivy Right
D N30 . Right Ivy Left
Ivy S, A Ivy Left SIor Right
B Ivy Right Sy, Lett
C Slko, Left Ivy Right
D Sy or Right Ivy Left
Sy Sy, A Syere Left Sy, Right
B STy Right SHjor Lett
C SIor Lett ST, 1 Ruight
D SHjyor Right SIL, o1y Lett

Ivy blceding time according to Ivy
Sllyet, Sl  bleeding time with Simplate 11 device 1 vertical and
hotizontal direction 1cspectively
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Design of the Anticoagulation Study

The 62 patients were 1andomized nto thice groups as in the sensitivity
study Both m the tust (Ivy-Smmplate I, ,,cq) and the sccond (Ivy
Simplate poona) group, 21 patients paiticipated In the thud group
(Smmplate H,eu 0 Stmplate opzonea) 20 patients participated The ran-
domization was carricd out accoiding to thc mmimization mcthod, to
cnsute equal age and scx distuibution over the thice gioups In all aspects
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Fig 2 A plot of the true positive fraction (scnsitivity) against the false
positive tfraction (1 minus speciticity) tor the Ivy (00), the Simplate e, ey
(O) and the Simplate Uyo,1z0ncu (A) methods, based on the findings in 72
healthy voluntcers who took ASA ot placebo
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the design of the anticoagulation study was cqual to the design of the
aspuin study cxcept that the patients 1eceived neither ASA nor placebo
and that the mtensity of anticoagulation (cxpiesscd in INR) was deter
mincd after the bleeding times

Statistical Analysis

Use of thc minmmization mcthod justitics the pooling of all bleeding
time determinations of cach method for statstical analysis The normality
ot the undeilymg distributions ot the bleeding times was tested with the
Kolmogotov Smiutnov test (11) For compatison of ptoportions a chi-
squaie test was used For companison of the means of the bleeding times
m the ASA and placcbo gioups a two-sample 7 test was used

When tests do not have binary outcomes but 1ather have a continuum
of values the tiuc positive fiaction (scnsitivity) and the false positive
fraction (1 mumnus spectficity) vaty with the value sclected as the cut otf
pomnt The scnsitivity 1s defined as thce propottion of those with the
condition who have a positive test 1csult and the specificity as the
propoition of those wrthout the condition who have a negative test 1csult
We graphically visuahized the ctfect of changes n the cut-oft point on test
peifoimance, t ¢ sensitivity and specificity by using a rceciver operating
chaiactetistic (ROC) cuive (12-14), a plot of the tiue positive fraction
agamst the falsc posttive fraction for vaiying cut oft points

Results

Aspirtn Study

After stratified randomization the sex and age distributions n
the three groups weie similar, each group consisted of 12 men and
12 women, the mean ages werc 27, 25 and 27 years The bleeding
times for cach method after ingestion of ASA and placebo are
shown mn Fig 1 The bleeding times determined by the Ivy and
Simplate I, y mcthod were normally distributed The distribu-
tion of the bleeding times determined by the Simplate 0,100t
method was log-normal With each of the three techniques, we
found longer average bleeding times in the ASA group than in the
placebo group

Fig 3 A plot of the blceding times 1n
62 anticoagulatcd patients for the
Ivy, Simplate e, pcu and  Sim-
plate Hyonzomar methods  The cut-off

SIMPLATE Ilyggricar

516
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Table 2 Picteience ot all study subjects

Study gioups

Mcthod picteried Tvy-SIT,ere Ivy-S1ly, SII, ¢ -SIT}y,
Ivy 18 22 n.a

SIT,,¢ 7 n a. 7

Sil;e, n.a. 1 5

No picference 18 17 24

Total 43 40 36

The pieteience of all subjects aiter 3 weeks have passed. Eighty-nine
percent of all participants 1esponded to our inquiry. n. a.: not applicable.

The test results of the 24 healthy voluntecrs who took a
placebo served to find a reference range for each method. The
limits of normal were set at the mean plus or minus two times the
standard deviation (SD) and roundecd to the nearest quarter
minute (Ivy) or half minute (Simplate II). For the Sim-
plate I, 0na Mmethod this was done after logarithmic conver-
sion. The mean of the Ivy bleeding times was 3.2 min with a
reference range of 1.6—~4.75 min (mean * 2SD). The mean of the
Simplate IT, ;. bleeding times was 7.5 min with a reference
range of 3.0-12.0 min. The mean of the Simplate o 0nta
bleeding times was 8.2 min with a reference range of
4.6-15.0 min.

In the Ivy, Simplate 11,¢cqcq and Simplate o zonta groups, the
proportions of individuals with prolonged bleeding times after
ASA ingestion (cut-off point: mean *2SD) were similar. The
sensitivity (true positive fraction) for the Ivy was: 38% (9/24), for
the Simplate I ¢ uear: 38% (9/24) and for the Simplate 11,6, 0ntal
33% (8/24). To avoid a comparison of the test performance of the
bleeding time methods on the basis of one single cut-off point for
cach method, we constructed ROC curves for the threc blceding
time methods (Fig.2) by use of the data presented in Fig. 1. In
general, better test performance is indicated by a ROC curve that
is higher and more to the left in the ROC space (13). Inspection of
the three curves confirms similar sensitivity and specificity of the
three tests.

Anticoagulation Study

Stratified randomization of the 62 anticoagulated patients
resulted in similar sex ratios and mean ages in the three groups:
first group (Ivy-Simplate IT,c,cq): 17 men, 4 women, mean age
54 years; second group (Ivy-Simplate o p0nca): 18 men,
3 women, mean age 55 years; third group (Simplate IT g, qca-
Simplate Wpo0na): 17 men, 3 women, mean age 57 years. The
bleeding times determined by each method are presented in
Fig.3. The intensity of anticoagulation of the patients ranged
from INR 1.5 to INR 8.0 with a mean of INR 3.6.

The proportions of individuals with prolonged bleeding times
(cuf-off points as determined in the aspirin study) in the Ivy,
Simplate 1,¢;ycq and Simplate I, 0nta groups were similar: Ivy:
2% (1/42); Simplate 1L ¢, peq: 0% (0/41); Simplate o, 00t 0%
(0/41). The mecan bleeding time (compared to the bleeding times
in the placebo groups of the aspirin study) was not prolonged for
any of the threce methods.

Judgment of Methods by the Subjects

Table 2 presents the methods preferred by the subjects a few
weeks after performance of the bleeding times, in both the aspirin
and the anticoagulation study. Immcdiately after the tests had
been performed, many had not yet formed an opinion; after some
wecks had passed, however, most of the subjects (48%) in both

Ivy-Simplate Il groups preferred the Ivy method, whereas only
10% preferred one of the both Simplate 11 techniques, of which
the Simplate o 0ntar Was least popular.

The main rcason for a higher preference of the Ivy method was
the absence of scar formation. Twenty-three percent of all
subjects who underwent a Simplate II reported scar formation,
but none of those who underwent an Ivy bleeding time.

Discussion

The bleeding time is one of the most used hemostatic tests. In
order to improve the test several methods have been developed.
Rodgers and Levin (17) have recently reexamined hundreds of
reports concerning the bleeding time. They found no evidence
that advances in standardization of the technique resulted in a
better detection performance. No differentiation was made,
however, between the Simplate in vertical and horizontal direc-
tion.

In our study, in which we have applied rigorous methodologic
standards, the Ivy and Simplate II (horizontal and vertical)
bleeding time methods proved equally sensitive to an aspirin
induced defect of platelct function. This is in accordance with the
findings of Buchanan and Holtkamp (7) who reported the
Simplate I to be equally insensitive to an aspirin induced defect
regardless of the direction of the incision. Mielke (6), however,
found the best detection performance with an incision in the
horizontal direction, when using a template device.

In our previous study (5) the Ivy technique was more sensitive
than the Simplate Il in the statistical sense, but the differ-
ence was small and not clinically relevant. We therefore con-
cluded that the Simplate I, uca and the Ivy had similar detection
performance, as was reported previously by Bain et al. (18). The
results of our.present study confirm our impression that any
relevant difference between the different bleeding time methods,
the Simplate Ijoi1.0nta included, is unlikely.

The reference ranges we found werc high compared to most
other studies, our previous study included, especially for both
Simplate II techniques, although similar high reference ranges
have been reported previously (18). This wide range of reference
ranges may bc caused by age differences (15, 16), variability in
performance and interpretation of the techniques (19), and
variability in the Simplate II device itself: variability between
different lotnumbers of the Simplate II device has recently been
reported (20).

In the anticoagulation study none of the methods proved to be
sensitive for a moderate secondary hemostasis disorder caused by
oral anticoagulants. In a previous study on patients with antico-
agulation, the average bleeding time was significantly prolonged
(9). In that study the upper limit of normal and the fraction of
individuals with prolonged bleeding times were not reported, and
it has to be noted that this fraction can be low even though the
mcean bleeding time is significantly prolonged. Nevertheless in our
study no prolongation of the bleeding times could be found. An
explanation for this difference could be that our volunteers who
received a placebo were younger than the anticoagulated patients.
The absence of prolonged bleeding times in patients with a
moderate secondary hemostasis disorder caused by oral antico-
agulation may not be extrapolated to patients with another or
severe secondary hemostasis disorder.

As a choice between the three methods on the basis of
sensitivity and specificity appears not possible, the burden for the
patients and the costs should play a major role. The participants
in our study generally preferred the Ivy method. The Simplate II
method is considerably more expensive than the Ivy method. This
is not only becausc the device costs approximately 27 times as
much as the Ivy lancet, but also because the test is far more time
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consuming To mdicate the diffcrence m performance time, the
summed bleeding times of each method 1n both studies ate Ivy
5 L h, Simplate Iy, q 11 8 h, Simplate 1,00t 144 h

Since the thiee tests in this study show similar sensitivities and
spectficitics, we conclude that costs and buiden should play a
major 1ole m the chowce betwecn the three blecding time
techniques and theicfoic we prefer the Ivy method
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