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ABSTRACT

Objective: The current study was carried out to determine the effect of sample storage duration on PT and aPTT,
when samples are stored at ambient temperatures during summers in Lahore, Pakistan.

Study Design: Cross sectional study

Place and Duration of Study: This study was conducted at the Hematology department of King Edward Medical
University in June 2021.

Materials and Methods: Eighty blood samples collected in 3.8% sodium citrate vial and PT and aPTT was
performed manually at 0, 4, 8, 12 and 24 hours. First test was performed immediately after sample collection (0
hours) which was taken as reference. Paired sample t-test was used for comparison of PT and APTT at 4, 8, 12 and
24 hours with the value at 0 hours while a mean percentage difference of more than 10% from the baseline value
was taken as clinically significant.

Results: Initially PT results did not show any clinically significant change until 24 hours and aPTT till 8 hours.
Conclusion: Samples for PT testing give acceptable results up to 8 hours post collection, and for aPTT testing up to
4 hours, when stored at ambient temperatures during summer seasons.
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INTRODUCTION

Prothrombin time (PT) and activated partial

These screening tests are used in the evaluation of a
wide variety of clinical conditions, either for diagnostic
or monitoring purposes of anticoagulant therapy.

thromboplastin time (aPTT) are among the most
frequently ordered screening tests in the clinical
laboratory.
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They form the basis of many special coagulation tests
such as factor assays, and in some locations clot-based
specialized assays (e.g., protein C [PC] and protein S
[PS] activity assays, activated PC resistance [APCR]).!
The reference range for prothrombin time is usually
around 10-13 seconds.? Prothrombin time can be
prolonged as a result of deficiencies in vitamin
K, warfarin therapy, malabsorption, liver disease, factor
deficiency (I1,VII,1X,X), disseminated intravascular
coagulation and presence of antiphospholipid antibody
syndrome.®

The reference range of aPTT is between 25- 39

seconds. Prolonged APTT may indicate use
of heparin (or contamination of the sample with
heparin), antiphospholipid antibody especially lupus

anticoagulant, and coagulation factor deficiency (VIII,
IX or XI).4

There are numerous preanalytical variables associated
with coagulation testing that may impact the diagnostic

accuracy of a test result. These variables are
categorized into:  patient selection (use of
anticoagulants, liver disease, bleeding disorder),

specimen collection (poor venipuncture, inadequate
anticoagulant [ratio of 1:9 is not maintained], collection


http://en.wikipedia.org/wiki/Warfarin
http://en.wikipedia.org/wiki/Malabsorption
http://en.wikipedia.org/wiki/Heparin
http://en.wikipedia.org/wiki/Antiphospholipid_antibody
http://en.wikipedia.org/wiki/Lupus_anticoagulant
http://en.wikipedia.org/wiki/Lupus_anticoagulant

Med. Forum, Vol. 32, No. 11

November, 2021

in wrong tube, improper fill volume), specimen
transport (old sample, improper temperature during
transport, inappropriate handling of specimens)
specimen processing and storage (inappropriate
centrifuge speed and time, stored at warmer than
recommended temperature, prolonged storage), others
(volume expanders [e.g. crystalloids], antibiotics
[lipoglycopeptides], autoimmune disorders, hematin,
systemic fibrinolytic drugs) . Therefore, it is integral for
each lab technologist and clinician to assess and
consider the impact of these variables when interpreting
coagulation test data. *

According to Clinical and Laboratory Standards
Institute (CLSI) H21-A5 specimens should be analyzed
within 24-h for PT and 4-h for APTT if stored at room
temperature (25°C).Therefore, the potential impact of
pre-analytic factors such as storage temperature and
time need to be taken into account when reporting PT
and aPTT results.® In Pakistan, due to unavailability of
temperature moderating systems in most centers, recent
expansion in outreach laboratories, and suboptimal
adherence to established guidelines, it has been
observed that these requirements are often not met with.
In summer (April to September), the average
temperature in most cities in Pakistan ranges from 30-
32°C, and can even rise up to 45°C. The current study
was carried out to determine the effect of sample
storage duration on PT and aPTT, when samples are
stored at ambient temperature in summer. All published
studies thus far have analyzed time-dependent changes
in PT and aPTT by storing samples either at room
temperature (20-24°C), or lower (4°C, -20°C, -70°C).
Therefore, the current study is the first one
documenting time-dependent changes in PT and aPTT
when samples are kept at the prevailing temperature in
summer in tropical and sub-tropical countries like
Pakistan. Documentation of changes in PT and aPTT
occurring as a result of delays in testing will, in turn,
assist laboratories in Pakistan and other countries with
similar summer climates to determine the course of
action to be taken in individual cases — to accept or
reject the sample, and the nature of comments, if any, to
be included with the results.

MATERIALS AND METHODS

The study was conducted at King Edward medical
University, Lahore in June 2021. It was a cross-
sectional study. The study population consisted of 80
asymptomatic  adults  requiring  routine  blood
investigation. Patients with liver disease, bleeding or
thrombotic disorders, pregnancy or anticoagulant
therapy were excluded. After obtaining approval from
the institutional Ethical Committee, 80 blood samples
sent to the laboratory for analysis of PT and aPTT were
included in the study. Relevant data were recorded on
the pre-designed proformas. PT and aPTT values at the
specified time intervals were recorded.

Blood collected from the cephalic vein was transferred,
within 20 seconds, into tubes containing 3.8% sodium
citrate, and immediately centrifuged. Plasma from each
sample was divided into five aliquots to assess PT and
aPTT at the specified time intervals. The first aliquot
was analyzed immediately after collection i.e. at O hour
(reference sample), the second at 4 hours, the third at 8
hours, the fourth at 12 hours and the fifth at 24 hours.
The samples were kept at ambient temperature
throughout before analysis, recorded to be varying
between 34°C and 38°C, all the times during the study
period. Temperature was maintained by placing the
samples in incubator to simulate the ambient
temperature (daytime) so that fluctuation in temperature
would not confound the results. Samples with clotting
times of more 180 seconds were, however, excluded as
these values depicted disease state (part of exclusion
criteria) or improper sampling hampering the results.
Each sample was tested in duplicate; the result being
taken to be the mean of the two values.

The procedure for prothrombin time consisted of
placing 100 pL of citrated plasma in a test tube
preheated to 37°C and subsequently adding 200 pL of
tissue factor (PT reagent) in the test tube. Upon the
addition of the reagent, a stopwatch was started and the
time taken for the sample to clot was measured. The
time, expressed in seconds, from the plasma-reagent
mixing to a visually detected clot formation was
defined as the PT.

The procedure for activated partial thromboplastin time
consisted of placing 100 pL of citrated plasma and 100
uL of aPTT reagent (preheated to 37°C) in a test tube
preheated to 37°C, followed by incubation for 3 min at
37°C. After incubation, 100 pL of calcium chloride
(preheated to 37°C) was added to the test tube. Upon
the addition of calcium chloride, a stopwatch was
started and the clotting time was measured. The time,
expressed in seconds, from this addition to a visually
detected clot formation was defined as aPTT.

Statistical Analysis:

The normal value of PT was taken as 11-16 seconds, a
value more than 16 seconds being considered deranged.
The normal value for APTT was taken to be 28-40
seconds, while a value more than 40 seconds was taken
as deranged. Data was recorded and analyzed in
Statistical Package for Social Sciences (SPSS) Program
version 23.0. PT and aPTT at different time intervals
were expressed as mean + SD. Paired samples t-test
was used to determine the statistical significance of the
differences between the initial values at O hour
(reference value) and the successive ones. P-values of
less than 0.05 were considered statistically significant.
Clinically significant difference was calculated as the
mean percentage change: (PT/aPTT z hr — PT/aPTT 0
hr)/PT/aPTT z hr x 100%. A mean percentage change
of more than 10% was taken as clinically significant.
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RESULTS

When compared with 0 hour, PT values at 4, 8, 12 and
24 hours showed mean percentage changes of 1.95%,
3.80%, 6.21%, and 8.97% respectively, but never
crossed 10% cut off limit. When normal values were
analyzed separately, the 10% cutoff was not crossed.
(Table 1).

When aPTT values were analyzed, the mean percentage
changes at 4, 8, 12 and 24 hours were 3.89%, 4.85%,
25.40 % and 40.40% respectively. The change hence
was clinically significant after 8 hours. aPTT results
analyzed separately for normal values that showed
mean percentage changes less than 10% up to 8.
(Table 2).

Table No.1: Comparison of normal values

Mean * Percent p-
SD Change value
0 Hour 11.93+1.2
4 Hour 12.24+2.4 1.38 <0.5
8 Hour 13.563+2.7 2.67 <0.05
12 Hour 14.20+2.6 5.50 <0.001
24 Hour 15.81+2.4 7.81 <0.001

Table 1: Mean + SD of PT values, percent change from
the value at O hour, and p-values of the differences at
specified time intervals from the value at 0 hour.

Table No.2: Differences

Mean + SD Cp:ig:rfg; p-value
0 Hour 31.95+3.6
4 Hour 33.95+2.4 2.98 <0.1
8 Hour 35.29+2.1 4.50 <0.01
12 Hour 45.184+2.3 24.45 <0.001
24 Hour 55.35+2.1 38.30 <0.001

Table 2: Mean = SD of aPTT values, percent change
from the value at 0 hour, and p-values of the differences
at specified time intervals from the value at 0 hour.

DISCUSSION

The study was aimed at determining the effect of delays
in testing on the validity of PT and aPTT results, when
samples are stored at summer temperatures (34°C-
38°C), commonly witnessed in tropical and sub-tropical
countries like Pakistan. Samples for PT and aPTT are
mostly drawn in wards or collection centres, and later
transferred to laboratories. Plasma clotting factors have
limited half-lives, and due to delays in testing as a
result of sample transfers, PT and aPTT test results
might be rendered unreliable.> According to BCSH
guidelines, only a limited time frame (4 hours) at
optimal temperatures (20-24°C) is all that can be
allowed for the performance of these tests reliably.
This, unfortunately, is not the case in most situations in
Pakistan; due both to delays in testing, and storage of
samples at sub-optimal temperatures.

The results of the current study suggest that PT tests do
not affect clinical interpretation till 24 hours even when
they are kept at a temperature as high as 38°C. This,
however, holds true only for samples in which PT falls
within the normal range at 0 hour. For aPTT tests that
are normal at 0 hour, valid results may be obtained
uptil 8 hours, after which a marked deviation in results
is seen which may be attributed to loss of labile factors..
The current study was carried out at temperatures
ranging from 34°C-38°C. No published study analysing
changes in PT and aPTT over time has been carried out
at such high temperatures. All previous studies have
been conducted either at room temperature (20°C -
24°C), or lower (4°C, -20°C, -70°C).":8

According to a study conducted by Sajjad A Geelani
et al®, analyzing samples stored at 2-8°C and at RT
(room temperature), PT results remained reliable for
upto 24 hours at RT and at 2-8°C. APTT remained
reliable upto 4 hours when tested at RT and at 2-8°C A
study conducted by Osta Manish et al’
analysed PT and aPTT at RT (18-25 °C) which
revealed no clinically significant changes in PT for upto
24 hours and upto 4 hours for aPTT. According to a
study conducted by Toulon P et al*® PT/INR, and aPTT,
can be reliably evaluated in tubes stored unspun at
room temperature for up to 8 hours after blood
collection. However some older studies conducted by
Zhao et al® and Yao et al'! demonstrated that storage
time interval upto 24 hrs for PT and 8hrs for APTT at
RT is acceptable. Similar studies have been done in
early 2000 which revealed variable results. There
results were analysed for the sake of comparison with
our findings. M.A. Awad et al'?, analyzed samples
stored at 4°C and at 24°C. He concluded that if samples
are kept at 4°C, results do not change clinical
interpretation till 24 hours, but if kept at 24°C then the
results are valid only uptil 6 hours. The study conducted
by GL Salvaign et al*® concluded that whatever the
temperature conditions, results for PT and APTT are
valid only uptil 6 hours. The study conducted by
Matthes B, Fischer R and Peetz D reported that both
PT and APTT can be reliably be tested uptil 8 hours
post-collection. The storage temperature in this study is,
however, not mentioned. According to another similar
study conducted by Rao LV, Okorodudu AO, Petersen
JR, Elghetany MT?® either plasma or whole blood
samples can be accepted for PT testing up to 24 hours
post-collection and for aPTT testing up to 8 hours only,
when transported at room temperature (20°C -24°C).
Saghir S et al‘® concluded that when samples are stored
at 24°C, PT can only be performed till 4 hours and
aPTT till 2 hours.

The wide variation in reported results may be attributed
to the divergent preanalytical and analytical variables
under which the studies were carried out, the most
important of which is the storage temperature.
Moreover, some studies have used statistical

in India
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significance of differences with initial values as an
index of validity of results, while others have used the
clinical significance for this index.

In the present study, we have reported both the mean
percentage changes from initial values, as well as the
statistical significance of the differences from the initial
values. In our opinion, however, for all practical
purposes, the mean percentage change from intial
values can more reliably determine sample validity. The
present study showed that though differences from
initial values became statistically significant early on in
the course of the study, clinically significant differences
became apparent later on.

Therefore, PT can be reliably reported till 24 hours
post-collection, and aPTT till 8 hours, even if samples
are kept at a temperature of up to 38°C. In situations
where a reanalysis of samples is required, and the initial
values are known, PT can be reliably reported even
until 24 hours post-collection if the value obtained at 0
hour is known to be within normal limits. On the other
hand, aPTT results remain valid until 8 hour if the
initial results are within normal limits.

Ideally, PT and aPTT tests should be performed soon
after sample collection, and it is desirable that we
achieve complete adherence to established guidelines
for sample storage. The present study demonstrates,
however, that higher temperatures do not appreciably
reduce the recommended time frames for testing of PT
and aPTT. We would therefore recommend other
comparative studies, carried out in similar conditions,
validating or refuting the present one. This would
enable laboratories to determine validity of samples that
have been kept under less stringent conditions,
especially in hot tropical and sub-tropical climates like
those found in Pakistan.

CONCLUSION

Samples for PT testing give acceptable results up to 8
hours post collection, and for aPTT testing up to 4
hours, when stored at ambient temperatures during
summer seasons.
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