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Abstract

BACKGROUND: Bleeding time test is used to assess the function of platelets in human body.
The aim of this project was thus to estimate the sample size required to determine the normal
range of bleeding time (BT) in Borujerd (a city in Iran). A pilot study was designed to determine
the range of normal BT in a small group of normal people. The total sample size for the next

study was then calculated according to the results.

METHODS: In order to determine the sample size, a total of 33 volunteers participated in this
study. The normal range of BT was determined by lvy method. Written informed consents were
obtained from all participants and their clinical history was recorded. The sampling was
performed once for each participant. However, the results were interpreted by two observers.
The study protocol was approved by the Ethics Committee of the research center at Lorestan

University of Medical Sciences (Iran).

RESULTS: In this study, 33 normal participants (20 women and 13 men) were divided into four
age groups of 35-44, 45-54, 55-64 and over 64 years old. Maximum and minimum BTs in men
were 209 (in the age group of 35-44 years) and 150 seconds (in the age group of over 64 years),
respectively. On the other hand, the corresponding values in women were 194 (in 55-64 year-old
subjects) and 145 seconds (in women over 64 years of age). Considering the aforementioned
results, the total sample size for the next study was determined to be 580 normal subjects by
two-sample t-test power analysis at a power of 0.91816.

CONCLUSION: There was a significant difference between the normal range of BT in
participants of Borujerd and previously recorded range in other studies. Moreover, normal BT in
men decreased by aging. This study did not show any special order in increasing or decreasing

BT in women.
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Introduction

Human platelets are small and discoid-shaped cells
with dimensions of about 2-4 by 0.5 micrometers and
mean volume of 7-11 femtoliter.! They are the second
frequent group of cells in normal circulation
(150-450 x 10° per liter). Platelets are non-nuclear
cells that originate from megakaryocytes and stay in
blood flow for approximately 10 days. The small size
and shape of platelets make enables them to move
along the sides of vessels where they can persistently
control vessel consistency.?

Platelets have various functions in different
pathophysiologic processes such as homeostasis,
thrombosis, conglutination, vascular regeneration,
inflammation processes like atherosclerosis, host
defense, and tumor metastasis.2 In other words, as
soon as vascular damage occurs and destructs the
natural barrier of endothelial cells, platelets are
activated rapidly and form an obstructive plug in the
damaged area. This process occurs in a set of
reactions between platelets and subendothelial matrix
(platelet adhesion) and among platelets themselves
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(platelet aggregation). In contrast to platelet
aggregation, the primary adhesion process does not
need the metabolic activity of platelets. However, this
process results in platelet activation and the activated
platelets synthesize the thromboxane A2 and release
their granule contents.> All of these platelet responses
are formed to rapidly create a homeostatic clot to
block the injured area in order to prevent hemorrhage.
Platelet dysfunction or decreased platelet count will
thus increase the risk of bleeding.? Any abnormality in
platelet functions would result in clinical bleeding with
different severity. In most cases, patients may develop
dermal or mucosal bleeding or excessive bleeding after
trauma or surgery procedures.*

Bleeding time (BT) test is used for assessment of
platelet function in human body. Nowadays, this test is
widely used not just for evaluation of platelet function
but also to assess the effects of medications and
medical devices (such as cardiopulmonary bypass or
dialysis machines) on homeostasis status. The most
important advantage of BT test is its ability to evaluate
normal body homeostasis and the role of vessels in this
process. Moreover, BT test does not require expensive
equipments or an intravenous (IV) line. It is not
affected by the method of sampling and anticoagulants,
either. The results of this test are prepared immediately
and need very few amount of blood.>4

Despite several studies on BT and its extensive
utilization for physiologic assessment of platelet
function in human body, there are many conflicts and
challenges about this test. One of them is its wide
reference range (2-10 minutes) which has been caused
by different races and ages and different areas
throughout the world. Therefore, BT changes due to
various causes such as aspirin consumption may not be
detectable. It is hence necessary to determine normal
BT in each geographical zone. It is also important to
note that the last guideline of platelet function test was
written in the late 1980s.2 The present study may thus
help to renew the existing guidelines. Accordingly, the
aim of this project was to determine the normal range
of BT and its relationship with different factors in the
population of Borujerd (a city in Iran).

Materials and Methods

This study was conducted on volunteers who
provided written informed consents. The previous
medical history of all participants was recorded in a
questionnaire by a trained nurse in the rural health
and treatment center and by a physician in the urban
health and treatment center. All subjects with
acquired or congenital coagulation disorders were
excluded from the study. Consumption of some

medications  such as  aspirin, indomethacin,
phenothiazine, and antihistamines may distupt the
platelet function (by affecting platelet membrane) and
result in prolonged BT. Therefore, volunteers were
questioned about using the aforementioned drugs in
the previous week.

BT of the participants was determined according to
the Ivy method. A group of sample takers had been
previously trained and calibrated to use the Ivy method
based on the national standard protocol in order to
minimize the observer error. The collected data was
then recalculated by another observer and the final
values were recorded in the main research center at
Lorestan University of Medical Sciences (Iran).

The Ivy Method

In this method, a blood pressure cuff is placed on
upper arm and is then inflated to 40 mm Hg. An
incision with a length of 8 mm and depth of 1 mm is
made by a lancet in the anterior section of the
underside of the forearm in an area without
superficial veins. The time from the beginning of
incision until the termination of bleeding is
considered as the BT. A standard filter paper should
be used every 30 seconds to draw off it until the
blood completely stops. The normal BT values run in
the range of 2-9 minutes. The risk of bleeding
increases with BT values more than 10 minutes.

In this study all incisions were made by a lancet
and standard filter papers were selected to draw off
the blood. All sample takers were provided with
similar digital chronometers to measure time. Blood
was drawn off the forearm every 30 seconds. The
collected blotting papers were encoded. They were
then sent to the research center along with the filled
time tables to be reevaluated by the second observer.
Due to painfulness of this technique, the process was
performed just once for each participant. However,
all results were recorded by two observers, i.e. one
person recorded the results during the test and the
other one interpreted the results and recorded them
in the related forms. When there were differences in
sample reading, we considered the mean of the two
results. The standard forms were filled, and the results
were then entered into statistical software for analysis.
All sample takers were trained for performing the test.

The ethics committee of the university research
center confirmed this project.

Sample Size Determination and Data Analysis

Considering similar data in published studies, a pilot
study was performed and according to the results, a
sample size of 580 (290 male and 290 female) subjects
was calculated for the next study by variance
determination at a power of 0.91816. In the final
study, 580 subjects were selected by cluster sampling
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method. Data was entered into SPSSi15 (SPSS Inc.,
Chicago, 1L, USA). Frequency distribution of data
was assessed with a confidence interval of 95% to
determine the mean measured time in the
participants.

The results of this study showed that the mean of
BT in men and women were 182.69 and
168.7 seconds, respectively. The results of BT in
gender groups were analyzed using two independent
sample t-test in PASS software. A sample volume of
580 persons, including 290 women and 290 men, was
estimated by a power of 0.91816 (Table 1).

Results

According to this pilot study, society variance was
determined by performing the test on 33 subjects
who were selected by the clustering method. This was
an epidemiologic analysis by Lorestan University of
Medical Sciences in Borujerd. The participants in the

pilot study (20 women and 13 men) were divided into
four age groups of 35-44, 45-54, 55-64, and over
64 years old.

Data analyses showed that the maximum BT was
209 seconds in men who aged 35-44 years old. The
minimum BT was 150 seconds in men older than
64 years. In women however, the maximum
(194 seconds) and minimum (145 seconds) BTs were
observed in the age range of more than 64 and
55-64 years old, respectively. The results demonstrated
that there was not a significant relation between
BT and different age groups among women. However,
BT was prolonged in subjects older than
04 years (Figure 1). The normal range of BT in this
study (2.5-3.5 minutes) was significantly different from
the international normal range. Moreover, according to
this study, BT decreased by increasing age in men
(Figure 2). In order to provide more details, the ranges
of BT are presented in figures 3 and 4.

Table 1. Estimated sample size according to different powers (the used numbers in the estimated sample size was

290 males and 290 females with 0.91816 powers.

Two-Sample T-Test Power Analysis

Allocation
S2 S1 Mean2  Meanl Beta Alpha Ratio N2 N1 Power
55.7 43.9 182.7 168.7 0.08184  0.05000 1.000 290 290 0.91816

The estimated numbers are 290 males and 290 females with 0.91816 powers.
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Figure 1. Bleeding time in different age groups of women
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Figure 2. Bleeding time in different age groups of men
Discussion temperature, exercise, anxiety, incisions longer than

The first test for evaluation of platelet function is BT
test. It is still one of the most important tests to assess
platelet function and primary homeostasis.® BT is the
petiod of time required to stop hemorrhage after an
incision. While normal BT usually varies between 2-10
minutes (in some studies 2-9 minutes), it may increase
to more than 30 minutes in severe platelet deficiency.??

Although Bowie and Owen described BT for the
first time,” but the studies of Duke on performing BT
test on ear lobule and his reports about the usefulness
of whole blood transfusion in controlling clinical
bleeding and returning BT to the normal range had an
important role in introducing the test.!%!! After that,
Ivy, a surgeon who studied patients with jaundice,
performed this test in the antetior part of the arm by
producing a standard pressure above the area using
sphygmomanometer cuff.’?> For a long time, both of
these methods were commonly used in clinical practice.

As mentioned previously, BT test is used to
evaluate platelet function in human body. Despite the
shortcomings of this test such as weak reproducibility,
invasiveness, insensitivity, time consumption, and
inability to predict bleeding risk in patients under
surgery, it is currently used extensively for evaluation
of platelet function.!> Moreover, BT test is used to
assess the effects of medications and medical devices
on homeostasis status. The most important advantage
of BT test is its ability in examining normal body
homeostasis and the role of vessels in this process. In
addition, expensive equipments are not needed to
perform this test.214

Gender is one of the factors that affect BT, i.e.
greater values are observed in females. We could also
provide some additional details. Factors such as skin

the standard incision, and excessive cleaning of the
test area,’ individual differences of participants, the
kind of devices used, and age were also found to alter
BT. Other researchers have shown that BT decreases
by increasing age. While the results of this study were
in concordance with this theory, the results were not
similar in women. Other factors which may prolong
BT include white blood cell (WBC) and red blood cell
(RBC) count, chronic kidney disease, anemia,
connective tissue disorders (such as Ehlers-Danlos
syndrome). Furthermore, some kinds of foods,
vitamins and spices like ginger, curcuma, onion,
vitamins E and C, and gatlic, produce abnormal
platelet aggregation and BT. Medications such as
aspirin and beta-lactam antibiotics (penicillin and
cephalosporin),  non-steroidal  anti-inflammatory
drugs, cardiovascular medications, psychotropic
medications (amitriptyline and haloperidol), analgesic
drugs and narcotics, chemotherapy medications,
antihistamines would also cause abnormal BT. Finally,
diseases such as Bartter syndrome, atopic asthma, hay
fever, and Wilms tumor may alter BT, as well.>*

A previous study evaluated the effectiveness of
different doses of aspirin on BT among 70 healthy
subjects with different ages and genders. The
participants had not consumed any drugs during the
3 weeks prior to the study. BT was measured and
recorded twice, once after fasting and once 1.5-2 hours
after taking aspirin, by Ivy method in the anterior
section of the forearm. The results demonstrated an
inverse relation between BT and age. In all age groups
(except lower age groups), prolonged BT occurred at
lower doses of aspirin. The mean BT in different age
groups was 13.4 seconds before aspirin consumption.!¢
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Figure 3. Bleeding time (BT) in each female subject (n = 20) stratified based on age
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Figure 4. Bleeding time (BT) in each male subject (n = 20) stratified based on age

In another study, BT was measured in 100 normal
participants and 136 patients with different diseases.
BT was approximately 4.5 * 1.5 minutes in subjects
with normal platelet count. However, prolonged BT
was associated with platelet dysfunction due to using
aspirin, uremia, or von Willebrand's disease. On the
other hand, BT wvalues lower than normal resulted
from enhanced homeostatic ability of young platelets,
i.e. in idiopathic thrombocytopenic purpura or bone
marrow recovery after chemotherapy.!”

In a retrospective study on 569 persons with a
history of clinical bleeding or a similar experience
among their close relatives, there were significant
inverse relationships between BT and platelet count
parameters, hematocrit, logarithm of von Willebrand's
antigen, and the extent of its activity. A reverse,
independence, and significant relationship was also
reported between BT and age of patients.!8

Sutor believed that BT can be applied as a
screening test for patients with bleeding symptoms.
Besides, it can be used as a single test in children to
provide the best information since in this age group,
primary dysfunctions of homeostasis are more
common than coagulopathy. He emphasized that the
standard technique should be used and limitations of
this test should also be considered.!

In order to evaluate the effects of temperature on
closure time (CT) and BT tests, Valeri et al. studied
54 healthy female and male volunteers in the age
range of 19-35 years old. Their participants did not
have the history of taking any medications. The skin
temperature of people was changed between 20-38°C.
Blood samples were drawn from the anterior part of
the arm. At each temperature, complete blood cell
(CBC) count, BT, and thromboxane A2 level were
assessed in serum and plasma. BT was tested in
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38 volunteers and CT was performed in 16
volunteers. The results showed that at skin
temperatures above 32°C, BT was more prolonged
and hematocrit was lower in women compared to
men. However, at the mentioned skin temperatures,
BT increased significantly in both genders. This
increment was consistent with decrement of
thromboxane A2 concentration. On the other hand,
decreasing temperature from 35°C to 22°C resulted in
3-4 folds increment of BT. There was not a
significant change in BT at skin temperatures higher
than 35°C. Eventually, the investigators concluded
that maintaining normal body temperature in surgical
procedures is essential for normal platelet function.!?
In another study, Valeri et al. made general and local
hypothermia in healthy baboons and noticed a
reversible platelet dysfunction due to hypothermia.
However, returning the skin temperature to normal
resulted in higher BT and reversed it to normal range.?’

Khuri et al. demonstrated that BT is prolonged
when peripheral skin temperature decreases during
the bypass surgery.?! In another study, it was shown
that every 6-degree reduction in the temperature of
anterior skin of the arm increased BT by 3 minutes.??

A research on the effects of different blood
groups on BT in 116 participants showed that the von
Willebrand's factor in the plasma of subjects with
blood group O was lower than other blood groups.
However, BT was similar in all groups.?3

The results of a previous study demonstrated that
during adhesion to extracellular matrix, platelets tend
to be more active in patients with type 2 diabetes
compared to non-diabetics.?* Similar results were
observed in patients with hypercholesterolemia and
hypertension.2>-28

Despite several investigations on BT and extensive
usage of this test for evaluation of physiology of
platelets in human body by specialists, there are still
many conflicts and challenges about this test. One of
them is the wide normal range for this test (2-10
minutes). The significant difference of the range
observed in this study confirms to the necessity of
defining the normal range of BT in each geographic
area. It is also important to note that the last
guidelines for platelet function test were written in the
late 1980s. Some measures are currently being taken
to rewrite the guidelines.? The results of this study
might also be a step toward providing the appropriate
data in this field.
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